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PREFACE

The third edition of Human Malformations and Related 
Anomalies is a tribute to the host of clinicians and scientists 
worldwide who, through their observations and laboratory 
findings, have helped us better understand the embryologi-
cal anarchy that leads to structural birth defects. Their keen-
ness in clinical phenotyping and application of technological 
advances have coalesced into a formidable force for diagnosis 
and discovery.

The reader will immediately notice the new format for 
the malformation entries. The narrative text is reduced and 
duplication of syndrome descriptions eliminated by capturing 
certain essential information in an atrium at the beginning of 
each entry and an appendix with short descriptive vignettes on 
the numerous syndromes with associated malformations.

Since the late 1950s, several generations of cytogenetic and 
biochemical technologies served as the major workhorses in 
the search for the heritable causes of malformations and related 
anomalies. They have now been replaced or supplemented with 
molecular technologies. The combination of numerous genetic 
probes into one assay utilizing the technique of array compara-
tive genomic hybridization (aCGH) has yielded genome-wide 
DNA microarrays. In addition to explaining the causes of clin-
ically recognized contiguous gene syndromes such as deletion 
22q11.2, microarrays have been useful for studying patients 
with novel or unrecognizable malformation syndromes that 
result from rare copy number variants.

Just as microarrays have offered better resolution than 
karyotyping and fluorescence in-situ hybridization (FISH) 
for cytogenetic studies, technologies for identifying altera-
tions at the DNA level have also dramatically advanced. In the 
past, mapping studies were routinely used to localize candi-
date genes for specific phenotypes, but their success depended 
upon the availability of informative families and genetic mark-
ers. The code of individual genes could best be determined 
by bidirectional dideoxynucleotide (Sanger) sequencing; this 
also allowed the initial sequencing of the human genome, ush-
ering in the highly touted “genomic era.” More recently, the 
development of next-generation sequencing using massively 
parallel processes has allowed much more efficient, afford-
able, and large-scale sequencing. Common uses of massively 
parallel technologies include sequencing relatively large panels 
of genes known to be related to an observed malformation or 
malformation pattern in a given patient, as well as approaches 
that enable “hypothesis-free” analyses such as whole exome 
sequencing, which focuses on the ~1 percent of the genome 
that contains the exonic regions of the genes, and whole 
genome sequencing. Currently, major emphasis has been 

placed on refining bioinformatic techniques to allow more 
rapid, accurate, and comprehensive genomic analyses, as well 
as further improving the sequencing technologies themselves. 
In the future it is likely that genomic techniques will be used 
earlier in the diagnostic process for patients with malforma-
tions, replacing a tiered or “shotgun” approach involving mul-
tiple separate tests. Additionally, increased emphasis may be 
placed on comprehensive analyses combining clinical as well 
as broad “omic” data beyond DNA-based studies.

Sequencing technologies have been most successful in 
identifying the causes of several categories of malformations 
and dysmorphism, notably the recognizable malformation 
syndromes, skeletal dysplasias, and malformations with clear 
Mendelian patterns of inheritance (e.g., a proportion of patients 
with holoprosencephaly). These technologies have been less 
successful in applications to limb and cardiac malformations 
and have performed poorly overall in delineating the genetic 
underpinnings of neural tube defects, orofacial clefting, and 
ventral body wall defects. Two long-held suspicions regarding 
the genetic contributions to malformations and malformation 
syndromes have been confirmed with sequencing and micro-
array technologies. De novo mutations or genomic alterations 
frequently account for sporadically occurring malformations 
and other anomalies with very low recurrence rates. Somatic 
mutations have now been documented in those syndromes 
that appear to have mosaic tissue expression. Williams and 
Russell-Silver syndromes may be considered prototypes of the 
former phenomenon and Proteus syndrome of the latter.

The technological advances notwithstanding, malforma-
tions continue to occur at a rate approaching five percent of all 
births and still claim the lives of more infants than any other 
cause in the developed countries of the world. Although iden-
tification of specific genetic or genomic causes of birth defects 
permits carrier detection, prenatal diagnosis, and preimplan-
tation zygote selection, no new treatment strategy has been 
found in the past decade that equals the effectiveness of folic 
acid in reducing the risk of birth defects.

An evolving perspective on the nomenclature of clinical 
phenotypes has paralleled the numerous molecular advances 
of the past decade. This evolution has been driven by many 
factors, including an improved understanding of the etiology 
and pathogenesis of malformations and syndromes, a need for 
more precise genotype-phenotype correlations in the pres-
ence of an ever expanding catalogue of genetic and genomic 
variants, and an effort to eliminate inaccurate, subjective, 
confusing, and/or pejorative terms. This has been exemplified 
by the efforts of an international working group of experts in 
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the field of dysmorphology to critically review and standard-
ize the terminology that is routinely used to describe human 
morphology. The goal was to provide consensus definitions 
of the terms used by clinicians in order to increase the reli-
ability and utility of these terms in all aspects of genetic medi-
cine. A general description of this effort along with consensus 
definitions relating to the head/face, periorbital region, ears, 
nose/philtrum, lips/mouth/oral region, and hands/feet has 
been published (Am J Med Genet 149A:2, 6, 29, 40, 61, 77, 
93, 2009 and 161A:1238, 2726, 2013) and can also be found 
online (http://elementsofmorphology.nih.gov). Use of this ter-
minology in the current edition of Human Malformations and 
Related Anomalies was left to the discretion of the contribut-
ing authors, and while this system utilizes a more descriptive 
approach than some of the traditional terminology (i.e., “short 
finger” as opposed to “brachydactyly”), the names of specific 
malformations (i.e., Brachydactyly types A–E) precluded its 
use in some entries.

A similar effort to standardize nomenclature is the 
Human Phenotype Ontology project, which currently defines 

approximately 11,000 terms relating to human phenotypes 
(http://human-phenotype-ontology.org). Such terms are being 
incorporated into various tools for genetics and genomics, 
including clinical databases and programs for filtering whole 
exome and whole genome sequencing data. Efforts are also 
ongoing to revise the existing nomenclature for specific groups 
of genetic disorders, as illustrated by recent updates to the clas-
sification and nomenclature of disorders of sex development, 
formerly known as “intersex” disorders (J Pediatr 2:148, 2006).

During the past decade, no major additional environmen-
tal cause of malformations has been identified through experi-
mental exposures or epidemiological methods. Continued 
vigilance is appropriate to spot hazards to the developing 
embryo that may be lurking in the environments of the world. 
Although concerns exist about transgenerational effects (pos-
sibly caused by epigenetic influences) that may be produced 
by maternal stress, nutrition, infections, and exposures to food 
additives, artificial hormones, insecticides, pollutants, plas-
tics and other environmental agents, the putative deleterious 
effects are not malformative in nature.
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INTRODUCTION

ROGER E. STEVENSON AND JUDITH G. HALL

Among liveborn infants in the developed world, 2 to 3 percent 
will have major malformations detected at birth or in the ini-
tial weeks or months of life (Table I.1).1–6 Some major malfor-
mations escape early detection, but these occult malformations 
are usually found by age five years and are equal to the number 
(2–3  percent) found at birth.7 Some internal malformations 
fail to cause physiological disturbance and may be found only 
incidentally during surgery, scans, X-rays, or autopsy. Among 
stillborn infants, 15 to 20 percent will have major malforma-
tions.8,9 A much higher rate of malformations is found among 
spontaneous abortions.10–12

Malformations result from pathological processes dur-
ing the embryonic period. The pathologic processes may be 
inborn, extrinsic, or some combination of the two. There is 
a narrow “window of opportunity” during which the normal 
developmental process can be adversely affected, since most 
of the human body structures are laid down between the sec-
ond and eighth week of development. Some organs, such as 
the brain, continue to develop throughout fetal life and even 
after birth. The small window of opportunity notwithstand-
ing, a remarkably large number of conceptuses, perhaps the 
majority, fall victim to some type of disturbance to normal 
developmental processes. In most instances the malformed 
conceptuses or embryos fail to implant or will die following 
implantation. It is likely that a minority of abnormalities allow 
the pregnancy to continue.

Malformations and related anomalies encompass all types 
of embryonic and fetal processes that lead to the presence of 
structural anomalies at birth. In addition to those processes 
which interfere with normal formation of structures (malfor-
mations), there are disruptions (in which normally develop-
ing structures are damaged by in utero forces such as vascular 
accidents or amniotic bands), deformations (in which a nor-
mal structure is misshaped by internal or external mechanical 
forces), and dysplasias (in which cell structure or cell arrange-
ment in tissue or tissues is disorganized).

All anatomical structures appear to be susceptible to mal-
formations (Table I.2). The frequency with which different 
structures are found postnatally to be abnormal varies enor-
mously, depending to a significant degree on the physiological 
impact of the malformation prenatally. Certain birth defects 
appear to be increasing (e.g., hypospadias, gastroschisis, and 
coarctation of the aorta), while others are declining in prev-
alence (e.g., neural tube defects and renal agenesis). Wide 
fluctuations in prevalence are seen in different locations and 
ethnic groups around the world.4,9,13,14

In developed countries, congenital abnormalities have 
emerged as the most common cause of death during the first 
year of life.1,4 Following the death of an infant with a congenital 
anomaly, all parties desire a speedy disposition and, because 
of this, adequate evaluation of the infant may be neglected. 
Autopsy is desirable in virtually all cases, while respecting the 

TABLE I .1  Prevalence of Major and Minor Anomalies, Selected Studies

LocAtIon SAMPLE SIZE MAJor AnoMALIES (%) MInor AnoMALIES (%)

Marden et al., 196435 USA 4,412 2.1 14.7

Myrianthopoulos and Chung, 197439 USA 53,257 7.1  7.3

Méhes and Stalder, 198337 Hungary 4,589 2.2 17.2

Leppig et al., 198736 USA 4,305 3.8 40.7

Stoll, 19955 Europe 291,126 2.2 -

Queisser-Luft et al., 20026 Germany 30,940 (LB, SB, SAB, TAB) 6.9 35.8

Dolk et al., 20102 Europe >10,000,000 (LB, FD, TAB) 2.4 -

Public Health Agency of Canada, 20133 Canada 292,312 (LB, SB) 3.9 -

Centers for Disease Control, 20131 USA >4,000,000 (LB) 3.1 -

LB-livebirths, FD-fetal deaths, SB-stillbirths, SAB-spontaneous abortion, TAB-terminations of pregnancy
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TABLE I .2  Prevalence of Selected Major Malformations

uSA* cAnAdA** EuroPE***

HIGH PrEVALEncE 

rEGIonS†

LoW PrEVALEncE 

rEGIonS†

neural tube defects:

Anencephaly 2.4 0.8 3.2 Mexico
South America

Italy
South Africa

Spina bifida 3.8 2.7 5.1 Mexico
South America

Spain
England/Wales

Encephalocele 0.9 0.6 1.2 Mexico
South America

Spain
Norway

Hydrocephaly 5.8 - 5.9 South America
France

England/Wales
Spain

Anophthalmia/Microphthalmia 1.4 - 1.0 USA (Atlanta)
Ireland (Dublin)

England/Wales
Hungary

Anotia/Microtia 2.1 - 0.4 Mexico
South America

Australia
England/Wales

cardiac defects:

Atrial septal defect 47.7 19.6 22.7

Ventricular septal defect 37.6 31.2 30.4

Tetralogy of Fallot 3.9 3.4 2.9 USA (Atlanta)
Ireland (Dublin)

England/Wales

Transposition of great vessels 3.2 3.5 3.2 N. Netherlands
France

Mexico
England/Wales

Truncus Arteriosus 0.7 0.6 0.8

Hypoplastic left heart syndrome 2.4 3.1 2.9 USA (Atlanta)
France

England/Wales
South America

Coarctation of aorta 5.5 - 3.2 Ireland (Dublin)
USA (Atlanta)

England/Wales
Spain

Cleft lip with or without cleft palate 9.9 8.6 9.4 Norway
Japan

South Africa
Canada

Cleft palate without cleft lip 6.5 3.2 5.8 Malta
Finland

South Africa

Esophageal atresia/stenosis with or without 
fistula

2.2 - 2.4 South America
Ireland (Dublin)

England/Wales

Rectal and large intestinal atresia/stenosis 4.2 - 3.1

Hypospadias/epispadias 51.5 - 16.0 Israel
Czech Republic

Australia
Italy

Renal agenesis/hypoplasia 3.8 - 1.2 Canada
Ireland (Dublin)

Hungary
Mexico

Diaphragmatic hernia 2.5 - 2.8 France
Ireland (Dublin)

South Africa
Mexico

Bladder exstrophy 0.2 - 0.7 Mexico
France

England/Wales
Japan

Omphalocele 2.1 - 3.0 France
South America

Spain
England/Wales

Gastroschisis 5.0 4.4 2.5 Mexico
South America

Spain
South Africa
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beliefs and wishes of the family. Only with a correct diagno-
sis can accurate information regarding the cause of death and 
the risk of recurrence be provided for the family. A preplanned 
protocol to evaluate the deceased infant with anomalies should 
include complete examination of tissues and structures, stor-
age of appropriate samples (DNA, including from parents and/
or other informative family members, serum, urine, and tis-
sues), photographs, radiographs, and necropsy. These proce-
dures can be efficiently performed with little interruption of 
the family plans. The same applies to the evaluation of abor-
tuses and stillborn infants to evaluate the presence of all poten-
tial congenital anomalies and determine whether they are of a 
type that would involve a risk of recurrence.

The field of developmental biology is advancing in remarkable 
ways. Many of the genes and pathways involved in organ-system 
formation have been delineated in animal systems, and the same 
genes have been shown to be important and conserved in human 
development.15 These developmental genes are expressed in a 
hierarchical manner and involve complex epigenetic controls 
that regulate transcription in temporal and tissue-specific man-
ners. Specific gene products may have disparate and multiple 
roles in different tissues and at different times in development. 
This implies that curative or corrective measures may need to 
be time-specific and tissue-specific during development. While 
the precise roles for various molecular phenomena (alternative 
splicing, regulatory elements, polymorphisms, affectors, epigen-
etic modifications of DNA and histones, processing of RNA, and 
many others) in development are not known in most cases, it is 
clear that current basic research is directed at dissecting a more 
complete molecular embryology. Specific defects in molecular 
pathways and the networks of pathways are now recognized and 
give greater insight into the etiology of the structural anomalies 
in humans that are observed at birth.

A more precise understanding of the molecular under-
pinnings of human health and disease should result in more 
precise and targeted therapies relevant to many congenital 
anomalies as well as other disorders. Since most of the genes 
involved in development are members of large families of con-
served genes, it is likely that if defects or blocks in a pathway 
are present, alternative genes or pathways may be explored for 

potential treatment and prevention of human malformations 
in the future.

Nowhere in medicine is a sympathetic and discerning 
ear more important than in the evaluation of the infant with 
a congenital anomaly. The family may be devastated by the 
announcement that the anticipated “perfect baby” has or may 
have a significant defect. More and more often the anomaly 
is recognized prenatally where pregnancies are monitored by 
ultrasound or other types of imaging. The evaluation must 
begin at the time the anomaly is recognized or suspected, 
although full evaluation may be postponed in some infants 
until birth or until the infant can be evaluated at a tertiary 
center if the anomalies are not life threatening. This often per-
mits parent–infant bonding to proceed without interruption 
and allows the infant to be discharged from the hospital with 
the family. In other circumstances, evaluation must be car-
ried out more urgently to determine the best courses for the 
family. Certain anomalies, such as some types of cardiac and 
gastrointestinal anomalies, are potentially lethal if not treated 
immediately. Other lethal conditions for which no treatment 
is available need urgent diagnosis in order to plan appropri-
ate management with the family. Some anomalies may not be 
life threatening, but evaluation is no less urgent. An example is 
ambiguous genital development.

Clinicians attempt to assign causation in all human anom-
alies for the purpose of gaining a secure foundation for coun-
seling and consideration of future preventive and management 
efforts. As desirable as that goal may be, it is not always attain-
able. The causes of many malformations and recognized syn-
dromes remain unknown. In spite of major advances, a specific 
diagnosis cannot be assigned in at least 40 percent of congeni-
tal anomalies.

I .1 noMEncLAturE

Meaningful terminology is fundamental to communication 
and to most educational and research processes. The plethora 
of terms used to describe human morphologic alterations 
sometimes promotes but often complicates these processes. 

uSA* cAnAdA** EuroPE***

HIGH PrEVALEncE 

rEGIonS†

LoW PrEVALEncE 

rEGIonS†

Limb reduction defects (upper)
Limb reduction defects (lower)

3.4
1.6

3.5 4.3
2.2

Canada
France

South Africa
Japan

chromosome Aneuploidies:

Trisomy 13 1.3 - 1.9 Ireland (Dublin) Hungary

Trisomy 18 2.7 - 5.0 Ireland (Dublin) Hungary

Trisomy 21 14.5 13.0 20.5 Ireland (Dublin) Hungary

*Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental Disabilities, 2013.1 Data from 14 birth defects surveillance programs, 2006–2010. Rate per 10,000 livebirths.

**Public Health Agency of Canada, 2013.3 Rate per 10,000 livebirths and stillbirths.

***Dolk et al., 2010.2 Rate per 10,000 livebirths, fetal deaths, and pregnancy terminations.

† EUROCAT Website Database: http://www.eurocat-network-eu/ACCESSPREVALENCEDAT/Prevalence Tables (data accessed Nov. 24, 2014).

TABLE I .2  (continued)
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Understandably, students may be confused by the admixture 
of commonly used terms. Some terms provide true descrip-
tions of the alteration (macrocephaly); some bear ethnic, rank, 
or national connotations (Roman nose); some are colored with 
mythological imagery (sirenomelia, cyclopia); some imply a 
specific pathogenesis (oligohydramnios sequence); some imply 
a specific etiology (warfarin embryopathy); and some give trib-
ute to a discoverer (Meckel diverticulum).

A universally acceptable and permanent terminology for 
anomalies would appear utopian, and the use of different lan-
guages in different parts of the world complicates the situation. 
However, major effort has recently been made to clarify termi-
nology, and improved methods of measuring and documenting 
have become available through digital imaging.16–26 One prob-
lem has been that the priorities of different groups involved in 
congenital anomalies are not the same. Anthropologists, anat-
omists, radiologists, and pathologists focus on the description 
of the change; therapists focus on the functional implications, 
embryologists and teratologists on the mechanisms, and cli-
nicians on the diagnosis, cause, treatment, and prevention. In 
each of these areas a jargon has arisen to serve the perceived 
requirements of the group. Sometimes the terms used by one 
group coincide with those used by colleagues with different 
emphases or meanings (e.g., deformation is equivalent to mal-
formation for the orthopedist).

Anatomically based nomenclature for malformations and 
related structural anomalies emphasizes topography and mor-
phology. The purpose is to identify the anatomic part involved 
and to describe the alteration of that part. However, ethnic 
variations and changes with age must be taken into account 
and, as yet, are not part of standard resources.

As part of the evaluation of an infant or child with malfor-
mations, careful measurements of normal and abnormal struc-
tures are essential. Norms for every age from embryo to adult 
are now available for North Americans and Europeans.27–32 
However, norms for other parts of the world and ethnic groups 
are just emerging. Not infrequently with congenital malforma-
tions there is disharmonic growth between various structures. 
For those structural changes that fall along a continuum, one 
expects 5 percent to fall beyond 2 standard deviations (SD) of 
the mean for the population:  2.5  percent below 2 SD of the 
population norm, and 2.5 percent above 2 SD of the norm. It 
is of interest that this definition of normality results in an inci-
dence of abnormal members among the continuous traits sim-
ilar to the incidence of major malformations in the population 
among newborn infants (Tables I.1 and I.2). Some continu-
ous traits—for example, color, density, and consistency—have 
no standardized measurements from which their norms and 
standard deviations can be determined. In the clinical setting, 
assessment of these features is almost invariably subjective. In 
an anatomically based nomenclature, no consideration is given 
to causation and pathogenesis.

M A L F O R M AT I O N S ,  D I S R U P T I O N S , 
D E F O R M AT I O N S

Different types of pathogenic processes leading to struc-
tural abnormalities are indicated by the terms malformation, 

disruption, and deformation.26 Anomalies can be placed into 
one of these categories on the basis of the developmental stage 
during which the alteration took place, the process that caused 
the change, or the end result.

Malformations are assumed to be caused by genetic or 
environmental influences or by a combination of the two. 
During organogenesis, a body structure can be formed with 
abnormal anatomy, can be incompletely formed, or can fail to 
form altogether. For most structures, organogenesis is com-
plete by eight weeks postfertilization. However, teeth, brain, 
and genitalia are notable among the structures whose forma-
tion extends beyond eight weeks.

Disruptions result from abnormal processes that alter 
normally forming structures during or after formation (e.g., 
a breakdown of a body part that had normal development 
potential). A  wide range of morphologic changes can occur 
secondary to disruptions, including alterations of shape and 
configuration, division of parts not usually divided, fusion 
of parts not usually fused, and loss of parts previously pres-
ent. The causes of disruptions are usually environmental but 
can include genetic causes (e.g., genetically programmed loss 
of blood supply and inherited thrombophilias). Mechanical 
forces can cause additional compression, hemorrhage, throm-
bosis, emboli, and other vascular impairments that damage 
formed structures.

Deformation indicates molding of a part (e.g., altered 
shape or position) through mechanical forces, usually acting 
over a prolonged period of time. Deformations result in loss 
of symmetry, altered alignment, abnormal positioning, and 
distorted configuration of an otherwise normal structure; they 
usually occur after organogenesis is complete, often involve 
musculoskeletal tissues, and require no underlying tissue 
defect. Abnormal tissues may, however, be more susceptible to 
deformation. Deformations are usually at least partially revers-
ible postnatally, depending on how longstanding they have 
been in utero and on how much growth has occurred after the 
initial distorting/compressive insult. They are usually due to 
external forces but can result from edema or from dysplastic 
tissue that exert intrinsic compressive forces.

Unfortunately, while this schema allows for meaningful 
communication among many who work with human con-
genital anomalies, universal usage should not be anticipated. 
In this book, the term malformation will be used in a generic 
sense by many to indicate any structural alteration that occurs 
during the prenatal period. In defense of this general usage, it 
should be remembered that scientists and the general public 
alike understand the general nature of the problem when the 
term malformation is used. The value to geneticists of using the 
terms malformation, disruption, and deformation separately 
and according to the foregoing definitions is that it allows cer-
tain generalizations to be made about the causation, pathogen-
esis, prognosis, and recurrence of different types of anomalies.26 
It also allows for a more accurate categorization of the struc-
tural abnormalities, which improves the prospect of a correct 
diagnosis. A fourth category of congenital anomalies includes 
dysplasias in which cellular or tissue disorganization is present. 
A particular dysplasia may be present at birth or be recognized 
at a later time, as in the chondroosseous dysplasias.26,33,34
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M A J O R  A N D  M I N O R  A N O M A L I E S

Major structural anomalies have medical and social conse-
quences. The incidences of major defects appear highest among 
spontaneous abortions, intermediate in stillborn infants, and 
lowest among liveborn infants. As noted above, the incidence 
of major anomalies recognized at birth among liveborn infants 
is 2 to 3  percent (Table I.1). An equal number of additional 
major anomalies will be recognized by age five years (e.g., car-
diac defects, absent kidney). In many ways, when one appreci-
ates the complexity of the developmental processes involved, 
it is surprising that the frequency of congenital anomalies in 
humans is not higher.

Minor anomalies are relatively frequent structural altera-
tions that usually pose no significant health or social burdens 
(Tables I.3, I.4).35,36 They are nonetheless important because 
their presence can prompt a search for the coexistence of more 
medically important structural anomalies. The presence of two 
or more minor anomalies is an indication that a major defect 
and/or syndrome may be present as well (Table I.4).35-37 Minor 
anomalies often provide critical clues that permit the diagnosis 
of a specific syndrome or a specific disorder having multiple 
anomalies. They can also provide a clue to the timing of an 
insult during prenatal development (as in the cases of flexion 
creases in the hands).

At least 15 percent of newborn infants have one or more 
minor structural anomalies (Table I.4). A  higher incidence 
may be found among premature infants and infants with intra-
uterine growth restriction have an even higher rate. The risk of 
having a major structural abnormality increases with the num-
ber of minor anomalies present. Infants free of minor anoma-
lies have a low incidence (approximately 1 percent) of major 
malformations. Infants with one minor anomaly have a 3 per-
cent risk of a major abnormality. Those infants with two minor 
anomalies have a 10 percent risk of a major malformation, and 
those with three or more minor anomalies have a 20 percent 
risk of a major structural abnormality.

No clear distinction exists between normal variation and 
minor anomalies or between minor anomalies and major 
anomalies. The determinations are often arbitrary. Holmes 
separates minor anomalies from normal variants by consider-
ing as normal those features that occur in 4 percent or more 
of the population.38 This is a fourfold greater incidence than 
the 1  percent usually required for a human polymorphism. 
The level of sensitivity to minor anomalies is set differently 
by different observers. This may in part be the explanation 
for the low incidence of minor defects (7.26 percent) reported 
by Myrianthopoulos and Chung for the Collaborative Study 
in the United States and the high incidence (40.7  percent) 
reported by Leppig et al.36,39

Mehes has found the number of minor anomalies detected 
to be greatest at the time of birth, with a decrease in the detec-
tion of many features by age one year.37 This suggests that cer-
tain minor anomalies resolve or become obscured with growth 
and function. Downslanting palpebrae, horizontal palmar 
creases, asymmetric ears, preauricular skin tags, and clino-
dactyly are among those features with similar incidences at 
birth and at one year. A 50 percent or greater reduction in the 

prevalences of high-arched palate, low-set ears, and upslant-
ing palpebral fissures occurs by one year. This contrasts with 
the increased detection of major defects during the first year 
of life. Merks et  al. found an increased percentage of minor 
anomalies in children who later developed malignancies.40

Minor morphologic features may give the most consistent 
clues to the diagnosis of many multi-anomaly syndromes. 
Prenatal alcohol syndrome and prenatal hydantoin syndrome, 
for example, are more commonly diagnosed by a pattern 
of minor morphologic features than on the basis of major 
malformations.

C O N N E C T I O N A L   T E R M S

Since multiple structural anomalies often occur together, a ter-
minology that relates the components has developed.16,41-43 In 
connectional terminology, anatomic description of the anom-
alies has been largely abandoned because listing each anatomi-
cal feature of the composite becomes cumbersome. Greater 
emphasis is being given to pathogenesis and causation.

Syndrome, association, complex, spectrum, sequence, field 
defect, and phenotype have all been used to describe some 
composite of anatomic features. Johannsen originally coined 
the term phenotype to encompass the outward manifestations 
produced by an individual gene.44 The nature of the gene itself 
was termed genotype. Genotype and phenotype can refer to a 
single gene and its manifestations (anatomic, biochemical, 
physiologic), to a related group of genes and their manifes-
tations, or to the entire genetic constitution and all resulting 
hereditary features. In current usage, phenotype has become 
a general term for describing a composite of features without 
regard to the underlying cause.45 Consistent with this usage, 
environmental as well as genetic factors can contribute to the 
phenotype. This more general use of phenotype in many cases 
suggests that the cause of the features is uncertain or that mul-
tiple causes might produce this composite of manifestations. 
In some cases a modifier is added to indicate pathogenesis, for 
example, akinesia phenotype to indicate those features that are 
produced by absence of prenatal movement from any cause. 
Complex has been a general term that is also used to indicate 
a composite of manifestations. Spectrum is sometimes used to 
describe entities with multiple features, particularly those in 
which prominent features can be expressed with considerable 
variation and range of severity.

Greater specificity is suggested by the term syndrome, 
which means a group of features seen together in multiple 
individuals and also implies that the composite of features has 
a common, specific etiology (although, of course, this can also 
include a pathway along which there can be many different per-
turbations all leading to similar end results). Use of the term 
syndrome indicates that a specific diagnosis has been made 
and that the natural history and recurrence risk are known. 
The reader will recognize that syndrome is also used widely in 
medicine without the specificity suggested above when used to 
describe structural anomalies.

Association has been used in clinical genetics to identify the 
nonrandom concurrence of two or more anomalies that occur 
more frequently than expected by chance alone but for which no 



TABLE I .3  Minor anomalies

crAnIuM And ScALP fAcE And nEcK Sole crease

Triple hair whorl Synophrys Horizontal palmar crease (single)

Absence of hair whorl Flat bridge of nose Bridged palmar crease

Patent metopic suture Prominent bridge of nose Single crease, finger V

Metopic fontanel Hypotelorism Skin tags (preauricular, ear lobe, others)

Sagittal fontanel Hypertelorism Hemangioma

Parietal foramen Nostrils anteverted Nevi

Flat occiput Long nasal septum Pigmented spots

Prominent occiput Epicanthal fold Hypopigmented spots

Frontal bossing Iris freckles trunK

Flat brow Upward palpebral slant Extra nipples

EArS Downward palpebral slant Single umbilical artery

Microtia Short palpebral fissures Umbilical hernia

Darwinian point Cleft uvula Diastasis rectus

Darwinian tubercle Cleft lip microform Glandular hypospadias

Lack of helical folding Cleft gum Shawl scrotum

Bridged concha Long philtrum Vaginal tag

Ear lobe crease Short philtrum LIMBS

Ear lobe notched Smooth philtrum Cubitus valgus

Ear lobe bifid Microstomia Tapered fingers

Lop ear Macrostomia Overlapping fingers

Cup-shaped ear Macroglossia Broad thumb, great toe

Retroverted ear Microglossia Clinodactyly

Thickened helix Broad alveolar ridge Nails hypoplastic

Helix excessively folded Micrognathia Nails hyperconvex

Helix attached to scalp Webbed neck Increased space, toes

SInuSES Redundant neck skin Syndactyly, toes 2–3

Branchial Ptosis Overlapping digits

Preauricular SKIn Prominent heel

Ear lobe Shoulder dimples

Helical Sacrum dimples

Pilonidal Dimples over other bones



I n t r o d u c t I o n  |  7

etiology has been demonstrated.26 VACTERL (Vertebral, Anal, 
Cardiac, tracheo-Esophageal, Renal, and Limb anomalies) 
association is a well-known example in which the first letters of 
the anomalies are used to develop an acronym (Fig. I.1). Use of 
association does not imply a specific diagnosis or evidence of a 
common cause. Recognition of such statistically related anom-
alies prompts the search for other defects when one component 
of an association is noted. It also helps to develop a differential 
diagnosis for specific entities—in the case of VACTERL these 
are trisomy 18, thrombocytopenia and absent radius (TAR), 
Fanconi anemia, and so on. Furthermore, it may allow for 
prognosis if no specific diagnosis is achieved: the prognosis for 
intellectual development for individuals with VACTERL asso-
ciation is generally favorable.

Sequence has been used by some to indicate a pattern of 
anomalies that results from a single primary anomaly or single 

mechanical factor. The anomaly or mechanical factor that ini-
tiates the sequence may produce multiple secondary anomalies 
or may produce a secondary anomaly that leads to a tertiary 
anomaly, and so forth in cascade fashion. For example, in Pierre 
Robin sequence, severe micrognathia is the primary anomaly, 
which causes secondary glossoptosis, which obstructs palatal 
shelf closure, ultimately resulting in a cleft palate. Confusion 
can arise because of the longstanding use of sequence for the 
arrangement of nucleotides and codons in the genome.

Multiple anomalies can also be related through the time 
period during which they develop. A  single insult during 
embryogenesis may affect multiple unrelated structures that 
are being formed at the time. In the absence of evidence that 
links the pathogenesis of widely diverse and seemingly unre-
lated components of conditions with multiple features, these 
components have been considered “pleiotropic effects” of the 
underlying cause.

N A M I N G

The naming of composite entities (syndromes, associations, 
phenotypes) follows no fixed rules nor does it have any 
committee-assumed authority for naming. Authors and edi-
tors often designate a name in the initial description of an 
entity, or one arises in a subsequent review. For conditions 
of known etiology, names that acknowledge the cause would 
seem to be most appropriate (trisomy 13 syndrome, prenatal 
alcohol syndrome). This is not possible for many syndromes 
caused by single genes, several genes, or for conditions of 
unknown etiology. Several different approaches have been 
used in these cases.

If the major components are few, their enumeration in 
the name is possible (hypertelorism-hypospadias syndrome). 
This can be misleading, however, when the identifying features 
are not present (e.g., absence of cryptophthalmos in the cryp-
tophthalmos syndrome or absence of campomelia in campo-
melic dysplasia) or when other features are more striking in a 
patient. When the major components are numerous, the name 
can also become unwieldy. Use of the first letters of the major 
features to form a unique acronym has been successful in sev-
eral instances (CHARGE syndrome, VACTERL association). 
These approaches offer the user some mnemonic assistance in 
recalling the primary features of the entities.

Perhaps the most widely used practice in naming com-
posite entities has been to use eponyms. Eponymic designa-
tion attempts to credit the individual(s) who first described 

TABLE I .4  concurrence of minor and major anomalies at birth in three series

nuMBEr of MInor 

MALforMAtIonS

MArdEn Et AL., 196435

uSA

MEHES, 198337

HunGArY

LEPPIG Et AL., 198736

uSA

0 1.4 1.2 2.3

1 2.9 3.8 3.7

2 10.8 12.5 6.7

≥3 90 26 19.6

RC
LC

LS

C RS

Fig. I.1 Infant with VACTERL association showing radial ray defect, esophageal 
atresia and tracheoesophageal fistula, vertebral segmentation anomalies, two 
cardiac defects, unilateral renal agenesis and imperforate anus.
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an entity or who first recognized it to be a specific entity. 
Not uncommonly, earlier reports of an entity are overlooked 
or not recognized to be that entity, leading to competing 
names or to compound eponyms (de Lange syndrome ver-
sus Brachmann-de Lange syndrome). Problems are also 
encountered when a prolific investigator describes more 
than one entity (Fanconi anemia syndrome and Fanconi 
renotubular syndrome). When heterogeneity is found to 
exist in an established name, renaming becomes necessary 
(Lawrence-Moon-Bardet-Biedl syndrome now divided into 
Lawrence-Moon syndrome and Bardet-Biedl syndrome, with 
several subtypes of Bardet-Biedl). These difficulties aside, the 
use of eponyms appears well established and will likely be 
replaced only by naming according to etiology (based on the 
gene or the environmental insult responsible). The possessive 
form of eponyms has been dropped in this book in keeping 
with McKusick’s suggestion.46

One of the international committees published reasonable 
guidelines regarding the naming of human anomalies.33 Their 
suggestions include the use of etiologic agents when known 
(trisomy 18 syndrome), and eponyms (Down syndrome) 
that are well established. Use of the initials of the patient’s 
family (BBB syndrome, FG syndrome) and acronyms (EMG 
syndrome) that bear no relation to clinical features are now 
discouraged.

T I M I N G  O F   S T R U C T U R A L  A LT E R AT I O N S

The timing at which an anomaly arises has some importance 
in descriptive terminology. Postnatal alteration of an anatomic 
part should be distinguished from prenatal alteration, and pre-
natal alteration during organogenesis should be distinguished 
from alteration after organogenesis (e.g., during fetal life).

Congenital means present at birth. It gives no sense of 
pathogenesis and causation, nor does it imply initiation or 
occurrence at any particular time during prenatal (or immedi-
ate neonatal, in the case of birth-related events) life. Hence the 
use of congenital with malformation, disruption, or deformation 
in the sense described here would be redundant. Congenital 
anomaly, congenital defect, or congenital abnormality would 
be more appropriate term combinations, since their use would 
restrict the general terms anomaly, defect, and abnormality to 
those present at birth. These terms imply a structural problem 
without specifying the etiology, which can be useful at times. 
It should be noted that families often consider the term defect 
pejorative; thus, the term anomaly is usually preferable.

Embryonic staging as set forth by Mall, Streeter, and 
O’Rahilly uses arbitrary subdivisions of the period from fer-
tilization to the start of fetal life in order to provide a descrip-
tion of the topographic, morphologic, and cytologic changes 
that take place during human development.47-49 The stages are 
defined by the composite of morphologic features and hence 
show some variability in size and chronologic age and in the 
progress of any single anatomic feature. They imply nothing 
about the gene expression and flow of biochemical changes 
underlying the morphologic events.

The age of an embryo is given in days following ovulation 
(developmental or embryonic age). Embryonic (postovulation) 

age is thus two weeks less than menstrual age (gestational age), 
which are the days or weeks following onset of last menstrual 
period; the latter age has been commonly used to date preg-
nancies in obstetrics and neonatology.

Fertilization is thought to generally occur within 24 hours 
after ovulation, usually in the outer reaches of the Fallopian 
tubes. The initial four stages of human development take place 
during the preimplantation period over the first five or six days 
and span the early series of divisions of the free-floating con-
ceptus up to and including the early implantation process. In 
the latter half of the preimplantation period, the conceptus 
is called a blastocyst, which is a mass of cells with an inter-
nal fluid-filled cavity. Interest in the specific nature of human 
preimplantation has been highlighted by the increasing use of 
assisted reproductive technologies (ARTs).

Implantation occurs during stages four and five, which 
span the embryonic/developmental period of 5.5 to 12 days. 
The embryonic disc becomes bilaminar (ectoderm and endo-
derm), and the amniotic cavity develops on the epidermal sur-
face and the yolk sac on the endodermal surface during these 
stages. The phenotypic description of the developing embryo 
often ignores the placenta and membranes, which simultane-
ously undergo significant morphologic and metabolic changes. 
Placental size and shape are gaining increasing recognition as 
important in predicting adult chronic diseases.50

Stage 23 (56–60 days, or 8 weeks postfertilization; e.g., 10 
weeks post last menstrual period) has been considered arbi-
trarily to be the end of the embryonic period. The beginning 
of marrow formation in the humerus is a developmental land-
mark used to assist in identifying this stage. The first eight 
weeks after fertilization are generally considered the period of 
embryogenesis. The embryo has taken human form, and most 
organs are formed and located in their final position by the end 
of this period. Exceptions exist, however, and include external 
genitalia, abdominal wall, heart, and dental structures and, of 
course, the brain, which continues its development (partly in 
response to utilization of neuronal pathways) into childhood.

The fetal period begins with week nine (week 11 of ges-
tation) and extends until delivery, usually 40 weeks from the 
last menstrual period and 38 weeks from fertilization. Growth 
and maturation of function are the major processes that occur 
during this fetal period. However, as noted above, formation 
of some structures continues into the fetal period and may be 
influenced by mechanical and vascular flow considerations as 
well as gene expression. External genitalia do not complete dif-
ferentiation until embryonic week 12, hair follicles do not form 
until week 12, the midgut does not return to the abdominal 
cavity from the body stalk until embryonic week 10, and teeth 
do not gain their definitive morphology until much later in 
fetal life.

An interesting new field related to fetal determinants of 
adult health suggests that events during fetal life can have 
long-lasting effects on metabolism, psychological develop-
ment, and immunologic response later in life. For instance, 
intrauterine growth restriction is associated with an increased 
risk for the development of diabetes, coronary artery disease, 
and hypertension in adulthood.51-53 Prematurity is associated 
with hypertension as an adult. Elevation of some maternal 
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cytokines may affect central nervous system structure. The 
mechanisms by which these influences occur are not yet clear 
but include epigenetic changes and may be transgenerational.

In the strict sense, malformations (as previously defined) 
occur during the period of organ formation. Most will occur 
during the first eight weeks, but exceptions to this are not 
uncommon in structures that are still forming after eight 
weeks. In general, disruptions and deformations occur follow-
ing morphologic formation and hence for the most part occur 
after eight weeks postovulation.

Some terms are particularly useful in defining environ-
mental influences that act during gestation and that alter 
morphology, function, or growth. Teratogen has been used 
with widely variable meanings. In this text a teratogen will 
have three features. First, as its derivation (teratos  =  mon-
ster, gen = produce) suggests, the end result of a teratogenic 
influence will be a morphologic abnormality rather than just 
a functional one (however, of course, both morphologic and 
functional changes can be expected). Second, teratogens are 
environmental rather than genetic influences (however, mater-
nal inherited metabolic disorders can have a detrimental effect 
on the embryo/fetus as in maternal PKU, and teratogens can 
act by altering normal genetic mechanisms). Third, teratogens 
exert their influence following fertilization and before deliv-
ery. Teratogens have an effect primarily during the first eight 
weeks of embryogenesis, causing malformations, but may act 
at a later point in pregnancy causing disruptions or deforma-
tions as well, such as those seen with maternal warfarin use. 
These late effects of teratogens can also include malformation 
of structures that are still forming after the usual eight weeks 
of embryogenesis. By contrast, DES and endocrine disruptions 
lead to epigenetic changes governing gene expression that may 
affect second and third generations rather than the exposed 
pregnancy (apparently having their influence on developing 
germ cells).54,55

I .2 EtIoLoGY And PAtHoGEnESIS

Etiology simply means cause. For all human anomalies, the 
etiologic possibilities are limited to genetic (single gene, mul-
tiple genes, chromosomal) or to environmental (mechanical, 
infectious, chemical) causes or to some combination of the 
two. Little regard for etiology is given when naming individ-
ual structural anomalies; however, the etiology can be found 
in the names of many syndromes (trisomy 13 syndrome, fetal 
alcohol syndrome, X-linked hydrocephaly syndrome). More 
recently epigenetic influences (not resulting from changes in 
the structure of DNA, but rather in the control and expression 
of the genes) have been recognized to play an important role in 
embryonic and particularly fetal development and can do so in 
a transgenerational manner.

Pathogenesis indicates the mechanism or process by which 
a feature is produced. Again, little indication of pathogenesis is 
incorporated into the names of individual structural anomalies, 
but considerable emphasis is given in the naming of entities 
with multiple features (early amnion rupture, oligohydramnios 
sequence). As more is learned about the role of gene expression 

(e.g., alternative splicing, control of genes by RNA and tran-
scriptions factors, etc.) as well as specific types of mutations 
and networks of mutations, new nomenclature may emerge as 
illustrated by McKusick’s new organization of OMIM.56

H I S T O L O G I C  M O D I F I E R S

Histologic analyses permit the description of the cellular and 
tissue processes underlying certain morphologic alterations. 
When known, these processes can be used as descriptive 
modifiers or to imply pathogenesis, as in the chondroosseous 
dysplasias.57

A P L A S I A ,  H Y P O P L A S I A ,  
H Y P E R P L A S I A ,  D Y S P L A S I A

Aplasia indicates absence of cellular proliferation, hence the 
absence of tissue mass and consequently of an organ or mor-
phologic feature. Hypoplasia indicates insufficient cell prolif-
eration, resulting in a deficiency of tissue mass and ultimately 
undergrowth of an organ or morphologic feature. Similarly, 
hyperplasia means excessive proliferation of cells, accumula-
tion of excessive tissue mass due to the increased cell number, 
and overgrowth of an organ or morphologic feature. Dysplasia 
as used in clinical genetics implies disorganization of cell 
structure, disordered cell arrangement in tissues, and result-
ing abnormal tissue organization in an organ or morphologic 
feature.

At the tertiary (organ) level, these terms are best used only 
when the underlying histology is known. “Hyperplasia of (an 
anatomic part)” has greatest meaning when it implies that the 
excessive mass is due to an excessive number of otherwise nor-
mal cells. Unfortunately, hyperplasia is often used as a mere 
description of overgrowth without regard to or knowledge of 
the histology. Worse yet, it is sometimes used to identify the 
larger of two parts of apparent unequal size without knowledge 
of the histology of either.

At some point in their natural history, many cells become 
aplastic, namely they cease to proliferate. Such cells (and tis-
sues) can respond to injury, numerical depletion, hormone 
stimulation, and increased workload only by increasing their 
size. Muscle hypertrophy is a well-known example. Other cell 
types retain the ability to divide actively. Endothelium, epithe-
lium, mucosa, cartilage, bone, and connective tissues contain 
cells that are being constantly replenished by mitosis.

The ability to repair damage can be an important cellular 
response during embryogenesis. Neither the point in devel-
opment at which paralysis of the various human cell types 
occurs nor the signals that deprive cells of their ability to 
divide are known. Presumably most cells retain the ability to 
divide throughout embryogenesis and for variable periods of 
time thereafter. Hence, embryos have the ability to repair and 
recover from certain insults as long as the entire anlage is not 
damaged and as long as there are adequate time and resources 
to complete the repair before further differentiation is required. 
Stem cell research is shedding light on these processes.

Dysplastic cells have altered sizes, shapes, and cytostruc-
tures. To the pathologist these abnormal cells are regressive, 
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often induced by chronic inflammation or irritation, and may 
also progress in a neoplastic direction. No such connotations 
accompany the term dysplastic when used to describe the cel-
lular, tissue, and organ disorganization found in congenital 
structural anomalies. These forms of dysplastic change arise 
during development, are usually genetically determined, and 
do not progress to neoplasia. The inborn errors of the chon-
droosseous skeleton constitute a large group of disorders that 
are considered prototypical dysplasias.58,59 Multiple bones are 
involved, showing microscopic and radiographic evidence of 
disturbed growth and structure. Chondrocytes, osteocytes, 
connective tissue, or noncellular matrix can be abnormal, and 
the transition from cartilage to bone is often disorganized. 
Clinically these skeletal dysplasias are manifested by short 
stature; abnormal alignment, growth, or symmetry of body 
segments; or, less commonly, specific malformations (e.g., cleft 
palate, polydactyly, and other such findings).

Agenesis has been used to indicate the failure of an organ to 
form, and in general implies aplasia rather than loss through 
atrophy or disruption. Dysgenesis can be used in a similar fash-
ion to indicate anomalous structure due to disorganization of 
the component cells and tissues.

AT R O P H Y,  H Y P O T R O P H Y, 
H Y P E RT R O P H Y,  D Y S T R O P H Y

Atrophy means the degeneration of cells, usually resulting in 
shrinkage of tissue mass and diminished size of the affected 
organ or morphologic feature. Like the -plasia terms, atrophy 
and other -trophy terms are applied at the cellular (primary), 
tissue (secondary), and organ (tertiary) levels. Atrophy can be 
characterized by smaller than normal cell size, accumulation 
of intracellular pigment granules, and replacement of paren-
chymal cells by fat or connective tissue.

Hypotrophy indicates that cells fail to achieve a normal 
size, and hence tissues, organs, and morphologic features are 
smaller than normal. Hypertrophy is the enlargement of cells 
and consequent enlargement of tissue mass, organ, or mor-
phologic feature. Dystrophy means a disturbance in cell or tis-
sue growth caused by faulty nutrition. The term has been used 
most widely, however, for certain heritable conditions of mus-
cle, eye, or nails (e.g., myotonic dystrophy, lattice dystrophy of 
the cornea, nail dystrophy). In these conditions dystrophy is 
used without implying that defective nutrition is the underly-
ing pathogenesis.

Again, at the tertiary (organ or gross morphology) level, it 
may not be possible to distinguish enlargement due to hyper-
trophy from enlargement due to hyperplasia or to distinguish 
small size due to hypotrophy from small size due to atrophy, 
hypoplasia, or dystrophy. These distinctions require knowl-
edge of the histologic structure. Accumulation of intracellu-
lar or extracellular fluid may alter size without affecting any 
of the cellular processes. In the absence of histologic informa-
tion, general terms can be used to describe alterations in tis-
sue bulk, for example enlarged muscle to describe both muscle 
hyperplasia and hypertrophy or small muscle to encompass 
the possibilities of atrophy, hypotrophy, hypoplasia, dystrophy, 
and dysplasia.

For practical reasons, the structural anomalies included in 
this discussion are those that can be detected by clinical obser-
vation and gross measurement. It is acknowledged that there 
exist domains of microscopic and submicroscopic structural 
anomalies that are no less important than those mentioned. 
Histologic appearance is discussed only when those findings 
appear fundamental to understanding the gross structural 
alteration.

T E R M S  W I T H   N E G AT I V E   I M PA C T

In general, structural anomalies are viewed negatively by medi-
cal practitioners, affected individuals, and society. Insensitive 
terminology can further stigmatize those affected and can sepa-
rate caretakers from affected individuals, the affected from fam-
ily, and family from society. Terminology should be as neutral 
as possible while correctly identifying or defining the structural 
anomaly. The care needed in choosing words when dealing 
with families or affected members may be obvious. However, 
use of terms employed internally in science should also be cir-
cumspect since these terms can find their way to patients and 
families via medical records, news articles, and courtrooms.

It should be acknowledged that some morphologic abnor-
malities are not viewed negatively by affected individuals. 
A case in point might be alteration in size caused by achondro-
plasia. In this circumstance it is not unusual to find affected 
persons wishing to have a recurrence of achondroplasia in 
their biologic offspring because normal size is less desirable in 
these particular families.

Terminology does not remain constant; the nuances and 
implications of terms change over time. Until the early 1900s, 
the terms monster and monstrosity were widely used in medi-
cal circles to describe malformations or other morphologic 
changes. Monster has now gained a different nuance, primarily 
because of its use in popular media to depict scary creatures. 
The new usage does not adhere to either of the word’s origins 
(to show or to warn) but suggests that those who look abnor-
mal may also act in destructive, frightening, and otherwise 
offensive ways.

Although monster and monstrosity have been used from 
the first written records of human malformations and into 
the twentieth century, they have in this century disappeared 
entirely from medical terminology. Other terms have had only 
brief life spans. Examples from the seven editions of Smith’s 
Recognizable Patterns of Human Malformations will suffice 
to illustrate.60 In a period of 40 years (edition 1, 1970 to edi-
tion 7, 2013), repeated changes can be found in the preferred 
terminology for morphologic entities. Potter’s syndrome (edi-
tion 1)  changed to oligohydramnios tetrad (edition 2)  and 
then to oligohydramnios sequence (editions 3–7). Similarly, 
the preferred term for amniotic bands changed with each edi-
tion. Initially, amniotic band syndrome changed to amniotic 
band anomalad, then to early amnion rupture spectrum, then 
to early amnion rupture sequence, and finally to amnion rup-
ture sequence. These changes arose from the attempt to add a 
pathogenetic implication to the identification of the entity.

Social sensitivity demands discretion in terminology. Terms 
that are divisive, derogatory, negative, or degrading should 
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be abandoned. Happy puppet syndrome has been replaced 
by Angelman syndrome, fetal face syndrome by Robinow syn-
drome, and elfin facies syndrome by Williams syndrome. A term 
in common use in the middle of this century, mongolism, or 
mongoloid idiot, as assigned by Langdon Down for this specific 
genetic syndrome, is discouraged in favor of trisomy 21 syn-
drome or Down syndrome. Related to this condition, the term 
simian crease should be replaced with single palmar crease. The 
designation funny-looking kid (FLK) may be viewed as deroga-
tory by an affected child, family members, and caretakers. 
The term dwarfism to identify persons with disproportionate 
skeletal dysplasias has been discouraged for the same reason. 
Mental retardation has been replaced by developmental dis-
ability and intellectual disability. Special child or special needs 
child is now used to indicate children with handicaps. Since 
all children are special, the use of this term for a child with a 
malformation may be inappropriate and patronizing.

A N I M A L  M O D E L S  O F  
H U M A N  D E V E L O P M E N T

In the last decade, the field of developmental biology has made 
considerable progress in understanding embryologic develop-
ment by using animal models. Studies of yeast, flies, worms, 
and fish have contributed to defining the molecular pathways 
involved in development of various structures. The conserva-
tion of the genes (and gene families) involved is remarkable. 
This work has a direct effect on understanding human devel-
opment, which for ethical reasons cannot be studied directly. 
However, most animal models do not have a fetal period simi-
lar to that in humans. The placenta of most mammals and even 
primates is quite different from the human placenta. The appli-
cation of these new discoveries of developmental biology to 
human in utero development must proceed with caution.

I .3 cLASSIfIcAtIon And codInG

C L A S S I F I C AT I O N

The systematic arrangement of structural anomalies on the 
basis of morphologic, anatomic, etiologic, or other criteria 
has been attempted by many observers and organizations. The 
number of classification schemas attests to the likelihood that 
no system has been entirely satisfactory. Nonetheless, finding 
some order among human congenital anomalies has utility in 
assisting human memory, in giving insights into the range and 
nature of human anomalies, and in allowing epidemiologic 
tracking. Furthermore, several types of digital and online cod-
ing systems have been developed to aid in the diagnosis and 
retrieval of previous reports. A brief historical account of the 
types of classifications follows.

1. Classification by cause. One of the oldest classification 
schemas, that set forth by Empedocles, was based on 
causation.61 Five causes for human anomalies were 
recognized: excess semen, deficiency of semen, slowness of 
movement of semen, abnormal movement of semen, and 

division of semen into separate parts. Paré’s classification 
had 13 causes, including abnormalities of semen as well 
as mechanical injury, uterine compression, maternal 
impressions, and the supernatural.62 Cleland’s system, 
published in 1889, had six causation categories, three 
leading to anomalies with morphologic deficiencies and 
three leading to anomalies of excess.63

2. Classification by morphologic alteration. Eight types of 
morphologic alterations were the major entries in the 
system of St. Isidore in ad 600.64 These types included large 
size, small size, transformation of a part, transformation 
of the whole body, transposition of a part, adhesion of 
parts, mixture of sexes, and the coexistence of multiple 
anomalies. These eight types were further supplemented by 
two entries based on the precocious or delayed appearance 
of features. To this classification schema, Huber added 
union of parts usually separated and closed state of canals 
usually open.65 Isidore and Etienne St. Hilaire set forth 
an extensive classification schema based on alterations of 
morphology.66 All anomalies were assigned to a kingdom, 
and the kingdom was subdivided into four divisions, each 
of which was further subdivided into classes, orders, tribes, 
families, and genera in a system akin to that of Linnaeus.

3. Classification by regional anatomy. Use of regional 
anatomy to arrange anomalies first appeared in the 
1600s.67,68 The systems used by Taruffi, Lowne, and 
Ballantyne at the end of the nineteenth century utilized 
regional anatomy as well.69-71 These systems often 
incorporated subclassifications based on morphologic 
alteration (excess or deficiency of parts, and so forth).

4. Classification by system. Closely related to schemas based 
on regional anatomy was the use of anatomic systems to 
organize human anomalies. This variation is the basis of 
classifications used by Warkany in the classic Congenital 
Malformations, in the International Classification of 
Diseases-ICD, in the Cardiff and Centers for Disease 
Control modifications of the ICD, and in the Systematized 
Nomenclature of Medicine (SNOMED).71-76

5. Other classifications. Several additional schemas are of 
historical interest. The earliest known system separated 
malformations into those that affected ordinary citizens 
and those that affected royal families. This was the only 
arrangement of anomalies to be found in the enumerations 
of human anomalies in the teratologic records of the 
Chaldeans.77 Other systems have used viability of affected 
individuals, time of occurrence during embryogenesis, and 
various mixtures of the several foregoing schemas.

The ICD is now introducing its eleventh revision, replac-
ing ICD-10, ICD-10-CM, and ICD-10-PCS.78 Considerable 
inconsistency has crept into this schema. Initially oriented to 
systems, there occur drifts into regional anatomy and major 
divergence into causation (chromosome anomalies). An 
admixture of systems, specific diseases, specific syndromes, 
and processes is also apparent. The system, although having 
lost its consistency, is widely used because of its acceptance 
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for epidemiologic studies, classifying hospital records and for 
insurance categorization, but it does not accommodate a list-
ing of rare but specific anomalies.

The British Pediatric Classification modifies the ICD-9-CM 
system for anomalies by adding two additional numbers to the 
code, permitting a further specific subdivision of an ICD cat-
egory.74 The Centers for Disease Control (CDC) has further 
modified the ICD and British systems by adding a sixth digit 
to the code.75 The addition of digits in the British and CDC 
modifications allows categories of defects to be subdivided 
into individual anomalies but fails to correct the admixing of 
causation, pathogenesis, regional anatomy, organ system, syn-
dromes, and diseases in the original ICD system.

The Systematized Nomenclature of Medicine has been 
produced by the American College of Pathologists based on 
their Systematized Nomenclature of Pathology.76 This schema 
utilizes seven sections to permit access from numerous per-
spectives: topography, morphology, etiology, function, disease, 
procedure, and occupation. Most useful in relation to struc-
tural anomalies are the topographic, morphologic, and etio-
logic fields.

Other systems that deal with certain individual anoma-
lies and syndromes include McKusick’s alphabetical listing of 
single gene disorders (OMIM), Shepard’s alphabetical enu-
meration of environmental agents, and several computerized 
databases that have been developed to assist the clinician in 
recalling information about entities having one or more mor-
phologic characteristic.56,79,80 The two major systems—London 
Dysmorphology Database and POSSUM (Pictures of Standard 
Syndromes and Undiagnosed Malformations)—all require 
entry of the anatomic description (topography and morphol-
ogy) of individual features and search for entities in which 
the feature(s) occur.81,82 The Phenomizer uses the Human 
Phenotype Ontology terms to perform similar search func-
tions.83 In addition, excellent texts and anthologies of congeni-
tal anomalies, syndromes, and approaches to specific disorders 
provide differential diagnosis lists. Finally, the Variome Project 
aims to provide a complete list of various phenotypes associ-
ated with genomic and epigenomic variations.84

C O D I N G

The reader will notice that we have supplied ICD codes for 
entries in this edition. At present there is no comprehensive 
coding system that is specific for structural anomalies that 
occur in humans. A  five-digit system would be required to 
assign a unique number to each of the numerous structural 
variants and anomalies. To add an indicator of the major eti-
ologies would require an additional digit. A further multidigit 
hindcode would be necessary to link individual anomalies 
to the various syndromes, diseases, or associations of which 
they might be a feature. Development of a uniform coding 
system for human anomalies will undoubtedly be encouraged 
by the increasing reliance on electronic systems for storage, 
retrieval, and manipulation of data. However, new diagnostic 
techniques (such as 3-D facial imaging and whole exome or 
genome sequencing) make it very difficult to imagine the form 
of such a system.85-87

E P I D E M I O L O G Y

Most developed countries and even country regions (states and 
provinces) have systems to track the incidences and prevalence 
of congenital anomalies in order to attempt to identify trends.88 
Variations from the norm are usually investigated and can be 
used to generate testable hypotheses about the cause.

The March of Dimes published an international compari-
son of the incidence of congenital anomalies/birth defects in 
2006.4 The report identified the very large number of prevent-
able congenital anomalies in developing countries, highlight-
ing the importance of such epidemiologic surveys.

I .4 GEnEtIc cAuSES 
of conGEnItAL AnoMALIES

Current clinical and technological methods can determine 
the cause of approximately one-half of the anomalies found 
in newborn infants (Table I.5). Among identifiable causes, 
genetic aberrations account for half.

The genetic content of human egg and sperm is thought 
to bring to the conceptus all the instructions necessary for 
the formation and function of a new life. Disturbances in the 
amount of genetic material (aberrations in chromosome num-
ber or structure) or in the nature of this material (mutations 
or epigenetic alterations of genes) may lead to the failure of 
normal development, causing a wide range of malformations 
or other morphologic changes and an equally broad range 
of functional impairments. Experience in mammalian clon-
ing and in human in vitro fertilization have indicated that 
the genetic content of the gametes (DNA) must go through 
an epigenetic process called “reprogramming.”89,90 This repro-
gramming involves the demethylation and then remethylation 
of the DNA of the newly conceived individual’s genome, as 
well as changes in the chromatin histones and possibly other 
epigenetic alterations, in order for the early development of a 
zygote to occur in a normal manner prior to implantation.

TABLE I .5  causes of anomalies among liveborn infants

cAuSE PErcEnt 

Genetic 15–25

 Chromosome 10–15

 Single gene 2–10

Multifactorial 20–25

Environmental 8–12

 Maternal diseases 6–8

 Uterine/placental 2–3

 Drugs/chemicals 0.5–1

Twinning 0.5–1

Unknown 40–60
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In addition to the traditional separation of genetic disor-
ders into chromosomal, single gene, and multifactorial disor-
ders, molecular genetic studies are recognizing that modifier 
genes, digenic inheritance, mitochondrial inheritance, addi-
tional genetic variants, and nongenetic factors can all affect 
the phenotype. As well, epigenetic mechanisms of gene con-
trol, triple repeat expansion, mosaicism (both germline and 
somatic), and parent of origin effects (such as imprinting, 
transgenerational epigenetic effects, and the type of effects seen 
in developmental origins of health and disease – DOHAD) will 
undoubtedly also influence the presence, type, and severity of 
congenital anomalies. It is already clear that epigenetic effects 
include metabolic, psychological, and immunologic pathways 
and often exert transgenerational effects, even though the 
number of generations that may be affected is not yet clear. 
Endocrine disruptors may exemplify this phenomenon in that 
structural anomalies may occur in generations beyond the 
exposure generation.91-93

Considerable attention has been given to the potential that 
certain genes are expressed differently depending on whether 
they were inherited from the mother or the father. This special 
type of altered gene activity has been called genomic imprinting. 
As with other types of nonpermanent epigenetic DNA modifi-
cation, genomic imprinting involves methylation of DNA and 
its histones and generally persists for life, although it may be 
reversible during gametogenesis and early embryogenesis and 
in some tissues later in life. These imprinting effects seem to be 
tissue specific and time in development specific.94,95

Epigenetic phenomena serve not only to partition gene 
expression to appropriate tissue types, conserve gene expres-
sion for appropriate times in the life cycle, balance the male and 
female genomes, and perpetuate the requirement for paternal 
and maternal contributions to offspring, but also have the 
capacity to be significant causes of developmental disease and 
disability. These types of epigenetic influences are mediated 
through changes in chromatin structure. Although the reper-
toire of epigenetic phenomena that influences gene expression 
is currently incompletely understood, modification of DNA 
and histones by methylation or deacetylation has received the 
most attention to date. Which epigenetic phenomena give rise 
to what type of structural alterations remains for the moment 
an intriguing but unanswered question.

Mosaicism arising during the first few days after fertiliza-
tion may affect the embryo, the extraembryonic tissues, or 
both. This phenomenon complicates the use of extraembry-
onic tissues such as chorionic villi for prenatal diagnosis and 
may explain survival of fetuses with certain severe trisomies. 
Kalousek et al. demonstrated many years ago that trisomy 13 
and trisomy 18 fetuses who survive pregnancy have placen-
tas that are euploid, at least in part.96 Alternatively, aneuploidy 
confined to the placenta may explain growth restriction or 
spontaneous abortion of chromosomally normal fetuses.97 
Mosaicism of chromosomal anomalies is associated with 
asymmetries, overgrowth and undergrowth of body segments, 
and streaky pigmentary changes.98 More recently, single gene 
mosaicism has been found to be responsible for malforma-
tion syndromes with asymmetry as well as for neuroanatomic 
anomalies in patients without germline mutations.99-102

Molecular techniques developed during the past three 
decades have revised concepts of gene structure and regu-
lation.102 Individual genes have been isolated, cloned, and 
sequenced. Genes have been shown to vary remarkably 
in size, to be configured with variable numbers of trans-
lated sequences (exons) separated by noncoding interven-
ing sequences (introns), and to be closely flanked by regulatory 
sequences at the upstream (5’) and downstream (3’) ends (Fig. 
I.2). Messenger RNA, formed of exons spliced together after 
the introns have been removed from precursor nuclear RNA 
(Hn RNA), provides the template for polypeptide assem-
bly. Control of transcription, processing, and translation is 
extremely complex and modified by many factors.

It has now been estimated that humans may have around 
20,000 gene pairs distributed along the 46 chromosomes, in 
addition to the mitochondrial genome.103,104 With the advent of 
large-scale mapping, sequencing, and epigenetic studies, along 
with the capacity to localize gene expression in developing 
and mature tissue and the technologies to alter gene expres-
sion in experimental animals, this situation is rapidly chang-
ing. Molecular pathways, which link genes that influence each 
other and control the metabolism necessary for structural 
development, growth, and maintenance, are beginning to 

Fig. I.2 The repertoire of DNA in somatic cells is shown in this schematic. 
Through the process of replication (1), DNA duplicates itself prior to 
cell division so that identical genetic information can be transmitted to 
daughter cells. Through the processes of transcription, RNA processing, and 
translation (2–8) the genetic information is utilized within the cell to synthesize 
polypeptides or proteins. (Reprinted with permission from Miller WL: J Pediatr 
99:1, 1981.)
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emerge.105 Just as impressive is the fact that 96 percent or more 
of human DNA that is non–protein coding is highly conserved 
and hence must play an important role in the health and main-
tenance of the organism.106

For each gene, the number of possible genetic variants is 
great. Many, perhaps most, do not cause phenotypic effects 
and exist as innocuous molecular polymorphisms in the pop-
ulation. Other mutations interfere with normal biologic pro-
cesses sufficiently to lead to major structural and functional 
anomalies and prevent survival of the organism. Intermediate 
between these extremes are mutations that produce non-
lethal changes in the phenotype. If these occur in genes uti-
lized during development, they may lead to malformations. 
Undoubtedly most molecular pathways have critical roles 
early in development, and if severe deleterious mutations exist 
without sufficient redundancies in the signaling pathway, the 
conceptions will abort.

I .5 EnVIronMEntAL cAuSES 
of conGEnItAL AnoMALIES

Environmental exposures and agents that can lead to human 
congenital anomalies may be most easily categorized as mater-
nal illness, prenatal infections, teratogens (drugs and environ-
mental agents), hormonal exposure, deficiencies, mechanical 
forces, immunologic influences, and vascular disruptions 
(Table I.5). Any or all of these can interact with each other and 
with genetic predispositions in the embryo/fetus, mother, or 
both. Finally, it has recently been recognized that the fetus nor-
mally has a microbiome. The relationship of the fetal microbi-
ome to maternal biome and fetal development is not yet clear.

Environmental insults after fertilization that produce 
structural defects are termed teratogens, from the Greek word 
teratos (monster) and gen (producing). Because of this deriva-
tion it seems inappropriate to classify influences as teratogenic 
unless they can cause structural anomalises. However, many 
teratogens are known to lead to functional as well as structural 
abnormalities.80 Agents that cause visual impairment, hear-
ing impairment, or neurocognitive dysfunction are not true 
teratogens unless (in the process) they malform the eyes, ears, 
or brain. Nor should chromosome aberrations or mutations 
be considered teratogenic, as the term is reserved for environ-
mental insults. Teratogenic potential is largely limited to the 
period of organogenesis, although certain insults, primarily 
mechanical in nature, can produce deformation or destruc-
tion of tissues after the embryonic period. Certain chemicals 
(alcohol, warfarin, mercury) and infections (rubella, herpes, 
varicella, syphilis) may disturb growth and tissue maturation 
after the period of organogenesis.

In general, environmental exposures are sporadic events 
with a low likelihood of recurrence. However, they are likely 
to interact with the genotype of both mother and embryo/
fetus. Teratogenic effects recur in successive pregnancies 
only if the environmental exposure and genetic susceptibility 
recurs. However, if the environmental agent leads to epigenetic 
alterations, then transgenerational effects may occur, as in DES 
exposure.91-93

Recent studies of the human first trimester placenta and 
embryo indicate the embryo is anaerobic for the first 10 to 
11 gestational (8–9 embryonic) weeks.50 The human embryo 
is well equipped with antioxidants which offsets the supply of 
oxygen supplied via maternal uterine blood flow. The nutrition 
of the embryo appears to come from the decidua, with a gra-
dient of compounds from maternal plasma, to extracoelomic 
cavity fluid, to amniotic fluid, to embryonic fluid. The barri-
ers to flow of nutrients or other compounds is not yet clear. 
However, it can be anticipated that there will be time in devel-
opment as well as tissue- and gender-specific susceptibilities. 
Gene expression prior to implantation and at various stages of 
embryonic development varies enormously.107

Teratogens directly influence development by interfering 
with cellular metabolism, altering the timing of various pro-
cesses, exerting physical constraints on developing parts, dis-
turbing regional vascular supply, and killing cells. Metabolism 
may be disturbed by altering the availability of essential nutri-
ents, inhibiting enzyme activities, blocking mitosis, interfering 
nonmutationally with nucleic acid function (epigenetic influ-
ences), and impairing membrane function, osmotic balance, 
and energy production.108

The timing during pregnancy when the environmental 
exposure occurs greatly influences the effects. This is prob-
ably related to the changing metabolism and physiology of 
the embryo/fetus over time, and the differences in signaling 
pathway expression at different periods of development. An 
insult that produces teratogenic effects during organogenesis 
may produce effects on growth and physiological function or 
have no effects at all later in fetal life. For example, prenatal 
rubella infection during the first two months produces cardiac 
defects; infection after the fourth month produces deafness, 
while infection at any time during embryonic and fetal life 
causes growth impairment.

For teratogenic effects to occur, the environmental agent 
must gain access to the conceptus or induce disturbances in the 
mother that are then reflected in the conceptus. Certain chem-
ical agents, because of their size, transport, or binding prop-
erties, do not reach the conceptus even though they may be 
present in the maternal circulation. Many hormones are in this 
category. They exert their influence via metabolic changes in 
the mother, the effects of which can then be imposed transpla-
centally. Most teratogenic influences are dose dependent: the 
greater the exposure the greater the likelihood of adverse 
effects and the greater the severity of the effects produced.

P R E N ATA L  D R U G  A N D  
C H E M I C A L  I N F L U E N C E S

The intimate intraplacental relationship between maternal and 
fetal circulations that permits the exchange of essential chemi-
cal substances also allows chemical disturbances to occur in the 
embryo/fetus (Table I.6). Most soluble constituents of mater-
nal serum cross the placenta by simple or facilitated diffusion. 
Substances that diffuse poorly because of molecular size, degree 
of ionization, lipid insolubility, or adverse concentration gradient 
may be delivered to the fetus by active transport or by pinocyto-
sis. The placenta’s physiology and its connection to the mother 



TABLE I .6  recognized Human teratogens

1. DRUGS

 ACE inhibitors (angiotensin converting enzyme)

 Alcohol

 Anticonvulsants

 Carbamazepine (carbimazole)

 Phenytoin

 Phenobarbital

 Tegretol

 Trimethadione/paramethadione

 Valproic acid

 Cocaine

 Cigarette smoking

 Cyclosporin

 Efarvirenz

 Etretinate

 Fluconazole

 Heroin/methadone

 Isotretinoin (13-cis-retinoic acid)

 Lamotrigine

 Lithium

 Lysergic acid diethylamide

 Methotrexate (aminopterin)

 Misoprostol (prostaglandin E1)

 Mycophenolate mofetil

 Tetracycline

 Thalidomide

 Warfarin

2. METALS

 Iodine

 Lead

 Mercury

3. RADIATION

 Cancer therapy

 Industrial/terrorism exposure

 Isotopes—131 Iodine

4. MATERNAL ILLNESS ASSOCIATED WITH CONGENITAL ANOMALIES

 Alcoholism

 Cushing syndrome

 Hyperparathyroidism

 Hypoparathyroidism

 Hypothyroidism

 Iodine deficiency

 Insulin-dependent diabetes mellitus

 Myasthenia gravis

 Obesity, severe

 Smoking cigarettes/marijuana

 Systemic herpes erythematosus

 Uncontrolled maternal phenylketonuria

5. INTRAUTERINE INFECTIONS

 Blood Products

  Hepatitis virus

  Human immunodeficiency virus

  Malaria

 Cat litter

  Toxoplasmosis

 Respiratory

  Coxsackievirus

  Parvovirus B19

  Rubella

  Varicella

  Venezuelan equine encephalitis

  West Nile Virus

 Uncooked food products

  Listeria

  Toxoplasmosis

 Venereal

  Cytomegalovirus

  Herpes virus

  HIV (human immunodeficiency virus)

  Syphilis

TABLE I .6  (continued)

(continued)
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6. PROCEDURE RELATED

 Chorionic villus sampling

 Dilation and curettage

 Early amniocentesis

 Intracytoplasmic sperm injection

7. OTHER EXPOSURES/DEFICIENCIES

 Deficiencies

  Calcium

  Folic Acid

  Iodine

  Iron

  Oxygen

  Vitamin A

  Vitamin D

  Vitamin K

 Hormones and hormone-related

  Androgens

  Carbimazole

  Corticosteroids

  Diethylstilbestrol

  Endocrine disruptors

  Iodides

  Progestins

  Propylthiouracil

  Thioureas

  Vitamin D

 Immunologic

  ABO incompatibility

  Antibodies against fetal neurotransmitters

  Lupus erythematosus

  Myasthenia gravis

  Pemphigus vulgaris

  Platelet alloimmunizaton

  Rhesus (Rh) isoimmunization

  Thyroid antibodies

 Mechanical forces

  Amnion rupture

  Fibroids

  Malformation of uterus

  Trauma

  Twins

8. OTHER POTENTIALLY HARMFUL MATERNAL EXPOSURES

 Carbon monoxide poisoning

 Gasoline fumes (excessive)

 Heat

 Hypothermia

 Hypoxia

 Magnesium sulphate (high levels, third trimester)

 Methyl isocyanate

 Methylene blue

 Phthalates

 Polychlorinated biphenyls

change over the pregnancy. Radiation exposure at any time dur-
ing pregnancy can cause mutations, lead to decreased cell growth 
and death, and possibly affect epigenetic control. Small leaks in 
the villous membrane would allow gross cross-contamination 
of maternal and fetal circulations, including exchange of cells 
(fetal-maternal microchimerism); this type of leakage is probably 
not an important mechanism in the transfer of physiologically 
active substances.109 However, in any given case the transport 
of a substance across the placenta may be altered by pathologic 
changes in the placenta, disturbances in maternal or fetal blood 
flow, or aberrant metabolism by the mother, fetus, or/and pla-
centa. Transport is facilitated late in pregnancy by a thinning of 
the villous membrane.

Questions about the safety of a number of other drugs and 
chemicals during pregnancy have been raised by retrospective 
studies and isolated case reports.110 Further investigations may 
fail to confirm any association between such substances and 
adverse pregnancy outcome, while others have led to lawsuits 
and changes in drug information labeling. Despite incomplete 
evidence in many situations, caution should always be exer-
cised when prescribing medications during pregnancy.

M AT E R N A L  I L L N E S S

Maternal diseases vary considerably in their severity and 
impact on the conceptus. For example, diabetes mellitus, the 
most common hormone deficiency during pregnancy, is the 
prototypic maternal metabolic disease that can influence the 

TABLE I .6  (continued) TABLE I .6  (continued)
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health of the embryo/fetus. The chemical imbalance inherent 
in diabetes is readily reflected transplacentally, placing stress 
on fetal homeostatic mechanisms. Diabetic pregnancies are 
subject to secondary complications that can further jeopar-
dize the fetus. Since diabetes mellitus can exist throughout 
pregnancy, prenatal consequences include malformations, 
growth disturbances, stillbirth, and homeostatic derange-
ments that can persist into the newborn period. Infants born 
of mothers with diabetes mellitus types 1 and 2 grow exces-
sively before birth, presumably because of excess glucose 
availability and fetal hyperinsulinism.111,112 The fetal mac-
rosomia is generalized, affecting linear growth and weight, 
and with the notable exception of the brain is shared by most 
internal organs (Figs. I.3, I.4). In contrast, infants born of dia-
betic mothers with vascular disease can be growth-impaired 
during fetal life. In neither case does the altered growth rate 
continue postnatally. Infants of diabetic mothers who have 
not been metabolically controlled during pregnancy are at 
increased risk for congenital anomalies (neural tube defects, 
cardiac anomalies, structural neuroanatomic anomalies, cau-
dal regression, etc.).111,112 Gestational diabetes in mothers who 
do not go on to develop into Type 1 or 2 diabetes may pose 
less risk to the conceptus, but it is difficult to distinguish from 
other types and so all diabetes during pregnancy is treated 
with caution.

Many other maternal illnesses may affect the devel-
oping embryo/fetus (Table I.6). Untreated metabolic 
(such as maternal phenylketonuria) or hormonal (such as 
hypothyroidism) disorders can have severe effects on the 
embryo fetus. There are also a number of inborn errors of 
metabolism of the embryo/fetus that may be associated 

with CNS malformations or other malformations and dys-
morphic features.

I N T R A U T E R I N E  I N F E C T I O N S

A substantial dichotomy often exists between the severities 
of infections in the maternal and prenatal organisms. Covert 
maternal infection is much more common than obvious or 
severe disease. In contrast, the embryo or fetus may sustain 
devastating injury to all organ systems. Not uncommonly, the 
first evidence that the mother has harbored an infection comes 
with the birth of the affected infant.

A wide spectrum of microbial organisms can adversely 
affect the embryo or fetus (Table I.6).113 It must be suspected, 
in fact, that any organism that can gain access to the conceptus 
can act as a pathogen. In virtually all circumstances the con-
ceptus becomes infected through hematogenous spread, via 
the placenta. Organisms causing maternal septicemia cross the 
placenta and reach fetal tissues through the fetal circulation. 
In some cases a placentitis may become established as an inter-
mediate state that seeds the umbilical vessels. Less commonly, 
organisms from the genital tract may reach the placenta and 
fetal membranes by retrograde migration. Early postna-
tal infections can be established through direct contact with 
microorganisms in the lower genital tract during birth; this 
mode is responsible for many newborn herpes simplex virus, 
chlamydial, monilial, streptococcal, and other bacterial infec-
tions. Both the maternal cytokines that are a response to the 
infection and the infectious agent may lead to abnormalities in 
the embryo/fetus. In addition, during birth the fetus/newborn 
establishes its own microbiome mainly from vaginal flora.

Fig. I.3 Infants of diabetic mothers. Left: general appearance of infants of mothers with class A, B, or C diabetes mellitus. They appear excessively nourished and 
pass the initial extrauterine hours in a limp and quiet manner unless disturbed by stimuli from the environment or by their own respiratory distress, hypoglycemia, 
or hypocalcemia, Right: plethoric and cushingoid facies
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Infectious processes (bacterial, viral, fungal, protozoa, pri-
ons) influence the developing organism through a number of 
well-defined as well as theoretical mechanisms.110,113 Cell death 
and depletion result in tissue or organ hypoplasia and gener-
alized growth impairment. Continuing nonlethal infection of 
cells can impair mitosis, which again inhibits local and overall 
growth. Vasculitis can lead to microinfarcts, calcium deposi-
tion, and cavitation of tissues (Fig. I.5). Suppressed hemato-
poiesis and hemolysis can cause anemia and increased cardiac 
burden. Cytokines associated with maternal infections may 
have very different effects in the developing conceptus.

Other types of exposures include hormonal (excess or defi-
ciency), maternal metabolic disorders (phenylketonuria, ami-
noacidopathies, etc.) endocrine disruptors (photoestrogens, 
DES, plastics, etc.), smoking, and maternal deficiencies (folic 
acid, Vitamin D, etc.), all of which can affect embryogenesis 
and embryo/fetal growth. All of these exposures may interact 
with the developing systems in the embryo/fetus in time- or 
tissue-specific ways that are not fully understood but appear 
to possibly lead to malformations in susceptible individuals.

P R E N ATA L  M E C H A N I C A L  I N F L U E N C E S

A variety of procedures that the mother undergoes during preg-
nancy can lead to vascular compromise, secondary metabolic 
effects, and/or exposure to both chemical and cellular toxins.

The maternal pelvis, abdominal wall, uterus, and amniotic 
fluid participate in protecting the conceptus against mechani-
cal injury. Each of these becomes less protective as pregnancy 
advances. By mid-trimester the fetus lies outside the safety of 
the pelvis. The abdominal wall and the uterus become pro-
gressively thinner as the conceptus grows, and the ratio of 
amniotic fluid to fetal mass decreases steadily. Prior to eight 
weeks (embryonic/fertilization age), amniotic fluid and extra 

coelomic fluid make up 95  percent of conceptus’ volume. 
However, the amniotic fluid component decreases to one-half 
by 14 weeks and to one-third by 36 weeks. Some degree of 
intrinsic protection against mechanical injury may also be pro-
vided by the plasticity of embryonic and early fetal tissues and 
by their capacity to repair local damage.

The presence of multiple fetuses in a uterus leads to relative 
deceleration of growth in the third trimester (Fig. I.6) and the 
potential for deformations. Oligohydramnios (if longstanding) 
may also lead to secondary deformations (Fig. I.7).

Mechanical forces can alter prenatal development by 
direct trauma to tissues, by interruption of blood supply, by 
constraint, and by damaging the placenta or cord. About 6 or 
7 percent of women sustain some type of physical injury dur-
ing pregnancy (motor vehicle accident, domestic violence, fall, 
etc.), although observed effects on the embryo/fetus are rela-
tively infrequent.114

P R E N ATA L  I M M U N O L O G I C  I N F L U E N C E S

The extent to which immunologic processes influence human 
development is not known. A  growing body of information 
implicates immune mechanisms as an important cause of 
infertility.115-117 Certain maternal immunologic diseases, nota-
bly lupus erythematosus, are associated with excessive preg-
nancy loss. The possibility that subclinical disease contributes 
in some substantial way to spontaneous abortions or congeni-
tal anomalies cannot be dismissed. Maternal antibodies trans-
ferred transplacentally (which are important in preventing 
neonatal and infant infections) can interfere with a wide vari-
ety of systemic functions in the fetus and continue for variable 
periods postnatally. The role of immune processes in causing 
congenital anomalies is less clear. However, multiple pterygia 
syndrome with arthrogryposis is known to be associated  

Fig. I.4 Caudal deficiency in a 3-year-old child whose mother had diabetes mellitus. The spine ends at L2, and the ilia are fused in the midline.
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with maternal antibodies to fetal neurotrasmitters.118 Prenatal 
immunologic influences may be mediated by direct antibody 
attack on tissues of the conceptus, particularly the placenta, 
by transplacental transfer of globulins that may attack fetal 
cells from within and by transfer of immunocompetent cells 

that provide a nidus for initiating graft versus host disease. It is 
now known that the fetus and mother regularly exchange cells 
and that if these cells are stem cells, they may take up “perma-
nent” residence. It is not clear what role such cells play in either 
maternal, newborn, or later autoimmune disorders.119,120

A B C

D
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F

Fig. I.5 A-C: Prenatal cytomegalovirus infection. A and B: Dense periventricular calcification in severely microcephalic infant. C: Marked microcephaly, spasticity, 
and mental retardation in a 30-month-old male with prenatal cytomegalovirus infection. D-F: Prenatal rubella infection. D: Cataracts (left removed). E: Glaucoma. 
F: Punched out chorioretinal lesion in macular region. (D-F Courtesy of Dr. David Knox, Johns Hopkins Hospital, Baltimore, MD.)
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I .6 HuMAn AnoMALIES 
WItH unKnoWn cAuSES

The era of molecular medicine promises to bring additional 
insights into the mechanisms by which malformations occur. 
A number of key molecular developmental pathways have now 
been recognized and described. These pathways are recapitu-
lated in different tissues at different times, often with alterna-
tive splicing during development. These pathways are highly 
conserved, as is their control by noncoding sequences.105 See 
Chapter 1 on limb anomalies, where the pathways are relatively 
well understood. Any interruption of this genetic-metabolic 
machinery that supports normal embryonic development may 
lead to malformations and/or growth abnormalities. While 
none of the pathways is fully and incontestably delineated, at 
least the general outline and components of a number of path-
ways are known.107

Additionally, a role for chance in the causation of morpho-
logical characteristics and malformations has been proposed 
by Kurnit et al.121 For example, stochastic variations in the way 
early embryonic cells migrate, divide, or adhere may be mag-
nified as anatomical defects or functional impairments in the 
fully formed individual.

I .7 dEtEctIon, dIAGnoSIS, 
EVALuAtIon, MAnAGEMEnt

P R E N ATA L  D I A G N O S I S

Long before the era of pregnancy imaging and invasive diag-
nostics, physicians depended on auscultation, palpation, and 
measurements to determine the growth and well-being of the 
fetus. No means were available in early pregnancy to detect 
malformations, although certain phenomena such as exces-
sive or deficient pregnancy size, polyhydramnios or oligohy-
dramnios, or breech presentation might have suggested the 

A

B

C

Fig. I.7 Deformations caused by intrauterine mechanical forces. Cephalic 
molding (A) and nasal deformation (B) can occur from prolonged constraint 
in a malformed uterus or from the forces of delivery. Clubfoot and other limb 
deformations (C) occur from prolonged constraint. Fetuses with neuromuscular 
impairments are at greater risk for such deformations.

Fig. I.6 Growth curves from 24 weeks to term for singletons, twins, triplets, and 
quadruplets. (Adapted from McKeown and Record.173)
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possibility of malformations in the fetus. Late in pregnancy, 
X-rays were useful in identifying some birth defects, specifi-
cally those that affected the skeleton.

The combination of amniocentesis (aspiration of amni-
otic fluid) and cytogenetic analysis of cultured amniocytes 
by Steele and Breg in 1966 ushered in an era that utilized 
invasive techniques to identify malformation syndromes 
in the fetus during the mid-trimester.122 The reliability and 
safety of amniocentesis coupled with cytogenetic and bio-
chemical analysis led to rapid acceptance of these proce-
dures for high-risk pregnancies. Noninvasive testing using 
maternal blood (early 1970s) and ultrasonography (late 
1970s) added to the prenatal screening and diagnostic arma-
mentarium. Development of transvaginal and transabdomi-
nal chorionic villus sampling (CVS) and early amniocentesis 
at 10 to 14 weeks permitted prenatal testing to be carried out 
earlier in gestation, often before the pregnancy was obvious 
to others. Chorionic villus sampling and early amniocentesis 
was found to be accompanied by greater risk of pregnancy 
loss than was traditional amniocentesis, so risk/benefit 
analysis algorithms were developed. Advances in molecular 
technologies have greatly expanded the number of malfor-
mations and malformation syndromes that can be prena-
tally diagnosed (if the responsible gene or locus has been 
identified), while 3-D and transcervical ultrasound studies 
improve the diagnostic ability of structural anomalies. More 
recently the possibility that many molecular anomalies lead-
ing to congenital disorders could be diagnosed based on 
testing of fetal cells retrieved from the mother’s blood has 
been extensively investigated, and the utilization of fetal 
DNA circulating in maternal serum has become a stan-
dard practice—particularly for verification of and/or initial 
screening studies in at-risk and higher risk pregnancies.

The acquisition or biopsy of placental tissue at 10 to 
12 weeks can be accomplished by transcervical or trans-
abdominal chorionic villus sampling techniques. Cell 
cultures established from CVS can be utilized for cytoge-
netic, biochemical, and molecular studies. The collective 
literature gives the impression of a marginally higher rate 
of pregnancy loss following CVS; a greater risk of identify-
ing mosaicism (involving the placenta), especially involving 
chromosome 20; and the possibility that the procedure may 
rarely be causally related to transverse terminal limb reduc-
tion defects.123,124 Again, risk/benefit ratios need to be com-
municated to the family.

U LT R A S O N O G R A P H Y

Although available for obstetrics use since the 1950s, ultra-
sound imaging for the purpose of identifying malformations 
only came into widespread use in the 1970s and 1980s. The 
absence of known adverse effects for the mother or fetus has 
led to the use of ultrasonographic examination for screening in 
the mid-trimester in nearly all pregnancies in developed coun-
tries. Although used routinely to assess a number of pregnancy 
parameters (number of fetuses, amount of amniotic fluid, pla-
cental position, fetal cardiac activity, gestational age, presence of 
uterine or pelvic abnormalities), obstetric ultrasonography also 

is useful for detection of gross malformations. Ultrasonography 
has also become an indispensable tool to guide aspiration and 
biopsy needles for obtaining amniotic fluid, placental, and fetal 
samples. Transvaginal and 3-D ultrasound appears to offer even 
higher resolution, particularly at earlier gestational ages, than 
the transabdominal approach. High resolution ultrasonogra-
phy can be utilized for high-risk pregnancies and for follow-up 
of suspicious findings on lower resolution ultrasound.125,126 
Real-time ultrasound can be utilized to assess normal fetal 
behavior and movement such as swallowing, breathing, and 
limb movement; however, limb movement is not routinely 
assessed and so deformations of the limbs (clubfeet, campto-
dactyly, arthrogryposis) are often missed.

M AT E R N A L  S E R U M  S C R E E N I N G

Elevated maternal serum levels of alpha-fetoprotein was found 
in the 1970s to be a reliable indication of open neural tube 
defects and certain other malformations.127 MS-AFP screen-
ing became the primary method for identifying NTD-affected 
pregnancies until replaced by ultrasonography in the mid 
1990s. Other tests (hCG, UE3, PAPP-A, INH, as well as other 
markers of fetal well-being) have now been added to mater-
nal serum screening to expand its utility in detecting fetal 
defects.128

Fetal blood may be obtained late in pregnancy by 
ultrasound-directed acquisition of umbilical cord blood. 
Cultured fetal lymphocytes can be subjected to cytogenomic 
or molecular analyses and whole blood/plasma/serum for a 
variety of hematological, immunological, microbiological, and 
other assays. Biopsies of solid tissues (e.g., skin, muscle) for 
microscopic examination has been performed in the second 
and third trimester via catheter or fetoscope.129

The biome of the fetus is being evaluated. Normally the 
fetus acquires the maternal vaginal biome as it is born. The 
maternal bacteria rapidly populates the newborn’s surfaces 
and GI tract. In cases of Caesarean section, the delivery room 
and nursery biome populate the newborn. The significance and 
interactions of the fetus and newborn with various biomes are 
not yet understood.130

A S S E S S M E N T  O F   E M B RY O N I C  
A N D  F E TA L   G R O W T H

Measurements become important very early in pregnancy. The 
general well-being of the embryo and the fetus is often judged 
primarily by size. Most insults to the rapidly growing prenatal 
organism will impair growth. The embryonic period (espe-
cially weeks 2–8) has been divided into stages on the basis of 
size (greatest length or crown-rump length) and progress of 
morphologic development.49 These stages, arbitrarily assigned, 
provide an orderly reference against which the growth and 
morphology of individual embryos can be compared. The 
changes in proportion and scale of different body segments 
are among the most remarkable of prenatal events. Growth in 
the prenatal period is truly phenomenal, from a single celled 
organism weighing approximately 0.0000006 g at conception 
to a differentiated infant with billions of cells and weighing 
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close to 3500 g at term birth. Crown-rump length progresses 
from 0.4 mm at stage 7 (about 16 days postovulation) to 30 mm 
at Stage 23 (end of embryonic period, about 56 days) to 51 cm 
at birth (about 280 days).

During the previable fetal period (approximately 8 to 24 
weeks postovulation), a dramatic weight gain occurs in com-
parison to the length gain (weight increases approximately 
164 times, and crown-rump length increases approximately 
seven times; Fig. I.6).28,29 Once viability is possible (accepted 
as approximately 24 weeks postovulation or 26 weeks gestation 
as calculated by the first day of the last menstrual period), lin-
ear growth and weight are roughly parallel, with proportion-
ate growth continuing until birth. Scammon and Calkins have 
published measurements of numerous external features of more 
than 400 fetuses.29 These measurements can be used to assess 
anomalous growth in relation to gestational age or crown-heel 
length. Measurements of skeletal structures and of certain soft 
tissues and viscera have been made in utero during ultrasound 
examination.30 Standard curves have been constructed from 
the measurements and provide a basis for prenatally identifying 
overall growth impairments or specific anomalies.27,28

P O S T N ATA L  D I A G N O S I S

The goal of evaluation of the individual with a structural 
anomaly is to arrive at a specific diagnosis (if possible), fol-
lowing which the prognosis can be projected, a management 
plan formulated, and recurrence risks discussed with the fam-
ily. If the pathogenesis can be determined it may be helpful in 
understanding the anomaly, in explaining the clinical findings 
to the family, and in determining if recurrence can be avoided 
or severity decreased.

HISTORY
The agenda in evaluating the infant with a birth defect is little 
different from that used in general medical evaluations. In most 
medical diagnoses, history-taking plays an extraordinarily power-
ful role. The diagnosis is suggested by the history more often than 
by any other diagnostic adjunct. In the case of congenital anom-
alies the diagnosis may be immediately obvious to parents and 
physician alike because of prior occurrence in the family. Often, 
however, the history is less revealing. Nevertheless, attention must 
be given to clues in the history that help establish a diagnosis. 
Advanced maternal age suggests an increased risk of a chromo-
somal cause for the anomaly; advanced paternal age suggests an 
increased risk for a new dominant single gene defect; kinship 
between the parents signals the possibility of an autosomal reces-
sive gene defect.131 Prior history of spontaneous abortions or still-
births suggests the possibility of recurrence of a heritable defect.

Pregnancy history may likewise yield subtle clues to diagno-
sis. Fetuses with decreased movement in utero may have brain 
anomalies, other neuromuscular defects, limb malformations, 
or short limb skeletal dysplasias, and may have contractures at 
birth. Breech position may indicate constraint or a neuromus-
cular abnormality that impaired the ability to achieve cephalic 
presentation. Excessive low back pain associated with lack of 
movement may indicate constraint. Polyhydramnios indicates 
lack of fetal swallowing or gastrointestinal absorption of the 

amniotic fluid because of central nervous system or gastroin-
testinal anomalies. Oligohydramnios may signal obstructive 
urinary tract anomalies or anomalies of the kidneys. Certain 
maternal diseases and exposures present during pregnancy 
alert the clinician to the possibility of particular anomalies; 
maternal diabetes and alcohol ingestion are the two most fre-
quently encountered.

At birth, certain defects are obvious and guide the diagnos-
tic evaluation. For example, the infant with hydrops requires 
evaluation for infectious, cardiac, metabolic, and hematologic 
causes (Table I.7). In other instances, major malformations are 
occult and may be sought only if subtle clues such as the pres-
ence of three or more minor anomalies are noted.

The manner in which the newborn adapts to postnatal life 
often suggests the possibility of an occult anomaly. The infant 
who experiences difficulty with respirations and/or with feed-
ing or maintenance of muscular tone is particularly suspect. 
Anomalies of the central nervous system, other neuromus-
cular impairments, and cardiac defects may create problems 
in transition to postnatal life. In the older infant and child, 
developmental progress becomes a more important clue to the 
possibility of occult anomalies, particularly those involving the 
nervous system and sensory systems.

In spite of the powerful role of history-taking in establish-
ing a diagnosis, the clinician must always be aware that histori-
cal clues and familial features may be misleading. The history 
of prenatal distress may suggest hypoxia or physical injury 

TABLE I .7  Heritable causes of hydrops fetalis

Mucopolysaccharidoses

 Sly disease: MPS VII

 Morquio disease: MPS IV

Mucolipidoses II: I-cell disease

GM1 gangliosidosis

Galactosialidosis

Sialidosis: neuraminidase deficiency

Infantile sialic acid storage disease

Nieman-Pick

Farber

Gaucher

Congenital disorders of glycosylation

Hematologic disorders

 α-thalassemia

 G6PD deficiency

 Pyruvate kinase deficiency

 Glucose phosphate isomerase deficiency
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around the time of delivery but may occur in the fetus with 
an intrinsic defect as well. Facial features that appear unusual 
may be familial rather than a sign of an underlying syndrome. 
A negative history of drug exposure does not preclude drug 
ingestion or exposure during the pregnancy. Likewise, a his-
tory of exposure to a chemical during pregnancy does not 
mean that the exposure caused the fetal defect. Only when the 
pregnancy history is sufficiently congruous with the physical 
defects can one accept the cause-and-effect relationship.

EXAMINATION
Major anomalies that affect topographic anatomy become 
obvious on physical examination. Minor anomalies may 
require more careful attention, including measurements and 
comparisons to normal growth charts, but can provide equally 
important clues to diagnosis. Photographs of various anoma-
lies are part of the documentation and are useful over time to 
document the natural history of a presentation. Relatively sub-
tle findings such as evaluation of the volar dermal ridges and 
creases may be helpful in certain syndromes. Both the nature of 
the anomalies and the composite of anomalies have diagnostic 
importance. The presence of three or more minor anomalies 
should prompt a search for occult major malformations (Table 
I.4). Childhood is marked by rapid changes in topographic fea-
tures, growth, and developmental abilities. Features diagnos-
tic at birth may not have been apparent in the mid-trimester 
fetus, and they will not remain the same throughout child-
hood and adolescence.132-134 Many conditions with diagnostic 
facial features in late childhood, adolescence, or adult life can 
appear entirely undistinguished at birth. Numbered among 
these are individuals affected with Williams syndrome, fragile 
X syndrome (Fig. I.8), storage disorders, Angelman syndrome, 
Prader-Willi syndrome, and muscular dystrophy. Conversely, 
infants with distinctive features may become less distinctive 
with time. This is the case with Aarskog syndrome (Fig. I.9) 
and Kabuki syndrome. New digital programs and 3-D photog-
raphy are being employed to help with identifying syndromal 
facial gestalt.

At different ages, diagnosis depends on different features. 
At birth, infants with 45,X Turner syndrome have lymph-
edema, excess nuchal skin, and coarctation of the aorta; dur-
ing childhood they have decreased growth; and at adolescence 
there is no sexual maturation.134,135 Infants with certain stor-
age diseases may exhibit excessive growth, umbilical hernia, 
and hepatosplenomegaly at birth. During childhood they 
develop contractures or other skeletal abnormalities, eye 
abnormalities, developmental impairment, and slowing of 
growth. Furthermore, as the face grows the dimensions nor-
mally expand in a predictable manner, such that characteristic 
syndromal facial features may become less or more evident.

Physical observations should include detection of major 
anomalies, notation of minor defects and variations, assessment 
of growth (head circumference, weight and height or length), 
measurement of individual features that appear abnormal, and 
an estimate of neurodevelopmental status. Unusual or repeti-
tive behaviors should be noted. Repeated observations over a 
period of years may ultimately lead to a diagnosis not initially 
obvious or to revision of an inaccurate diagnosis. Comparison 

of minor features, particularly facial characteristics, with those 
of the parents and siblings often permits separation of fam-
ily features from those that may be of diagnostic importance. 
Review of photographs of family members, especially when 
taken at the same age as the patient, can be helpful.

D Y S M O R P H O L O G Y

The study of abnormal morphology is in large part the study 
of disharmonic growth. Individual morphologic features 
become distinctive because of their size in relation to other 
features around them. Downslanting palpebral fissures result 
from undergrowth of the malar region (zygoma) in relation 
to the frontal region (frontal bone). Micrognathia results 
from undergrowth of the mandible in relation to the maxilla. 
Macroglossia is overgrowth of the tongue in comparison to 
the oral cavity. This is not to say that absolute undergrowth or 
overgrowth does not occur in these circumstances, but only 
that the disharmony of growth is the phenomenon that pro-
vokes identification of features as dysmorphic. A large tongue 
accommodated in a large mouth in a large craniofacies will not 
likely be singled out as a dysmorphic feature.

Dysmorphology employs both gestalt and measurements 
in assessing patients with anomalous development. Major 
anomalies pose little difficulty and in general do not require 
measurement. More subtle alterations of morphology may be 
discerned by the eye, but confirmation by measurement sub-
stantiates the clinical observation.

S TA N D A R D S  A N D  M E T H O D S 
O F   M E A S U R E M E N T

The establishment of normal values for traits that vary con-
tinuously is based on the measurement of the trait in a large 
number of individuals. Unbiased estimates may be obtained 
by randomly sampling the population in question. In many 
cases if sufficient data are accumulated, continuous variables 
are distributed in a manner that approximates a normal distri-
bution curve. The distribution can be further described by two 
parameters, the mean and the standard deviation.

Data that describe normal distributions have been well 
characterized mathematically and are available in tabulated 
form. This allows one to make initial generalizations about 
the distributions of the traits. For example, for a trait exhib-
iting a normal distribution, two-thirds or 68  percent of the 
observations will fall within ± 1 standard deviation (SD) of the 
mean, and 95 percent will fall within ± 2 SD. In many cases, 
abnormal physical measurements are arbitrarily considered to 
be those values that lie in the upper and lower 2.5 percent of 
the distribution or that are greater than 2 SD from the mean. 
Microcephaly is defined as a head circumference less than 2 
SD below the mean, macrocephaly as greater than 2 SD above 
the mean. Functional deficits can be defined in these terms as 
well. Scores of less than 2 SD on standardized intelligence tests 
arbitrarily define intellectual disability within our population.

A formidable body of human anatomic measurements 
(taken during the prenatal period and during infancy, child-
hood, and to a lesser extent adult life) has been accumulated.27-31 
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It might be assumed that the growth standards were derived 
from data collected with rigidly controlled protocols, which 
entails placing the subject in a natural and relaxed position, 
having measurements taken by an experienced observer, and 
using the most precise instruments. Calipers are used for 
taking measurements less than 30  cm, and rigid measuring 
devices (measuring table or stadiometer) are used for measur-
ing length or height. Certainly many of the standards were pre-
pared in this optimal fashion. However, that is not always the 
case. It is advisable for the users of growth standards to become 

familiar with the population from which the data were col-
lected, with the method of data collection, and with the num-
ber and experience of individuals collecting the data. Normal 
racial and ethnic variations affect many measurements; how-
ever, well-established ethnic norms are rarely available.

Growth references for certain uncommon populations may 
derive from pooled data. This applies particularly to growth ref-
erences for several skeletal dysplasias and syndromes.27,28 The 
data may come from many sources collected over a period of 
many years, and are usually collected by a number of different 

A B

C D

Fig. I.8 Four males with fragile X syndrome at ages 3 years (A), 7 years (B), 23 years (C), and 41 years (D). Prominence of the forehead is evident from early 
childhood, but enlargement of the lower jaw develops in late adolescence or adulthood.
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observers in a number of different settings. Unfortunately, 
heterogeneity of the subject population may not be rigidly 
excluded. While such standards are not optimal, they may be 
the only reference available for certain populations.

Many genetic texts contain standards for growth dur-
ing childhood but lack information on mature measure-
ments. This deficiency is removed in part by the data in the 
Natick Anthropometric Survey.31 In the latest (1988) survey, 
132 different measurements were taken on 2,208 females 
aged 18–50  years and on 1,774 males aged 17–51  years. 
Seventy-eight percent of all subjects were aged 20–35  years. 
The sample was composed of persons in the US Army. Among 
the men, 66.1  percent were white, 25.8  percent black, and 
3.8 percent Hispanic. Among the women, 51.6  percent were 
white, 41.8 percent black, and 2.6 percent Hispanic. Recently 
the World Health Organization has published normal growth 
curves for the first seven years based on studies in seven diverse 
world regions when the mother was well fed at conception and 
throughout pregnancy and the baby was breastfed for the first 
year of life. Interestingly the curves are superimposable from 
all seven regions, suggesting that growth deficiency is occur-
ring commonly in many regions of the world.32

These difficulties aside, the clinician is called upon in a 
variety of settings to obtain measurements for use in diagnosis. 
Usually straight rulers, flexible tapes, and scales are the only 
measuring devices available. With knowledge of the proper 
anatomic landmarks and care in taking measurements, the 
clinician can make reliable observations under less than ideal 
circumstances.

Photogrammetry has been used as an alternative to direct 
measurement. Standardized photographs are taken to depict 
features of interest. A scale is included to permit various fea-
tures to be measured on the photograph. With the features 
converted into a two-dimensional image, measurements are 

easily made by hand or by computer. This method requires a 
standardized photographic assembly, can be costly, and does 
not provide measurements immediately for the clinician. More 
recently, computer programs can simulate three dimensions 
and volumes.136,177

Radiocephalometry provides another method for assess-
ment of craniofacial anomalies.138,139 Based on standardized 
positions and radiographic techniques, various landmarks 
of the craniofacial skeleton are identified and measurements 
taken. Radiocephalometry has utility in defining the anatomy 
in craniofacial syndromes and in planning reconstructive sur-
gery. It requires standardized equipment, is tedious, and is not 
readily adaptable to most clinical settings.

Radiographs are also necessary for the measurement 
and maturation of most components of the skeleton. They 
permit individual bones to be measured for comparison to 
age-specific population data and permit one skeletal feature 
to be compared with others in the same individual. The latter 
use detects disharmonic growth. It has been most successfully 

Fig. I.9 Aarskog syndrome in 3 males at ages 2 years, 18 years, and 60 years. The triangular facial configuration with prominence of the forehead and 
hypertelorism becomes less apparent with increasing age.

Fig. I.10 Computed three-dimensional reconstruction of cranial tomography 
demonstrating skull with left coronal synostosis. (Courtesy of Dr. Michael 
W. Vannier, Washington University Medical Center, St. Louis, MO.)
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employed in comparisons of the tubular bones of the hand, 
a procedure termed metacarpophalangeal profile analysis.140 
Most syndromes with abnormalities of the hands will have a 
more or less distinctive profile reflecting the distinctive effects 
on different bones.

Computed tomography and magnetic resonance imag-
ing can be used for two-dimensional viewing and for 
three-dimensional reconstruction of most anatomic parts (Figs. 
I.10, I.11).141,142 The imaging systems give the clinician a view 
of many features that are normally hidden. Three-dimensional 
reconstructions are helpful in planning surgery and in project-
ing the results anticipated from surgery.

G R O W T H  I N   I N FA N C Y  
A N D  C H I L D H O O D

Growth is a complex phenomenon, largely determined by the 
genetic constitution but also easily influenced by many envi-
ronmental insults. Growth is mediated through hormonal 
stimulation of various tissues, particularly the chondroosseous 
skeleton. Nonspecific impairments of growth can be caused by 
a wide range of environmental influences including nutrition, 
oxygen supply, infection, systemic disease, numerous drugs 
and chemicals, and emotional deprivation. Unlike prenatal 
environmental insults to growth, postnatal insults generally 
affect overall growth rather than that of isolated features. An 
exception to this generalization is the coarsening of lower 

facial features and gum hypertrophy caused by prolonged 
postnatal exposure to hydantoins.143 Growth during infancy 
and childhood is expected to proceed at an orderly and pre-
dictable pace. Standards for growth of most anatomic features 
are available.27,28,31 Feingold and Bossert studied over 2,400 
individuals, newborn to age 14 years, and constructed growth 
curves for many different anatomic features.144 These and other 
growth references have been published as monographs.27,28 
Most growth curves are prepared from measurements of a 
cross-section of the population and with few exceptions are 
referenced against age rather than longitudinal growth; few 
include racial and ethnic variations.

G R O W T H  I N   I N D I V I D U A L S 
W I T H   S K E L E TA L  D Y S P L A S I A S  A N D 
M A L F O R M AT I O N  S Y N D R O M E S

Growth in many malformation syndromes, skeletal dysplasias, 
and metabolic disorders proceeds at a rate different from that 
of the general population. For most of these disorders, insuf-
ficient cross-sectional or longitudinal data have been collected 
to permit the construction of growth curves. For those condi-
tions for which curves are available, growth can be monitored 
and the success of various treatments analyzed.

Growth curves for children with achondroplasia, the 
most common form of short-limb dwarfism, have been avail-
able since 1978 and are immensely useful in evaluating such 

Fig. I.11 Three-dimensional reconstruction of computed tomography imaging of cranium of infant with osteogenesis imperfecta. Anteroposterior view (left) and 
vertex view (right) show marked deficiency of cranial ossification.
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patients. Horton et  al. collected growth data on over 400 
patients with achondroplasia and constructed growth curves 
for stature, growth velocity, upper/lower segment ratios, and 
head circumference.145 The curves for stature and head circum-
ference in Figure I.12 demonstrate the marked discrepancy 
between the expected growth in achondroplasia and the nor-
mal growth in the general population. Following the growth 
of achondroplastic children using normal growth curves is of 
limited benefit, but comparisons with the growth curves of 
other children with achondroplasia can be very instructive. 
Individuals with achondroplasia usually have significant mac-
rocephaly. Comparing the head growth of one patient with 
that of other individuals with achondroplasia can often reas-
sure the family and thus avoid unnecessary diagnostic tests. 
Furthermore, if any growth-promoting intervention is used, 
the change in growth should be compared with the expected 
rate in achondroplasia without the intervention.

Meaney and Farrer have cataloged the information avail-
able on growth in a number of different genetic and congenital 
disorders.146 Their tabulation reveals that all too often, insuf-
ficient data are available to prepare clinically useful growth 
curves such as those available for achondroplasia. The most 
useful curves are available in the collected works of Rollins 
et al. and Gripp et al.27,28 In many cases the available growth 
data must be considered preliminary because the studies did 
not include longitudinal patterns or as many observations as 
broad collaborative studies have provided. Such broad stud-
ies are needed to understand the natural history of pathologic 
states and to provide the necessary information for counseling 
patients with abnormal growth and their families. Recently, 
through the work of parent support groups, better longitudinal 
data on specific conditions are being collected and published.

L A B O R AT O RY  T E S T I N G  A N D  I M A G I N G

Diagnostic technology has received considerable attention 
during the past few decades. Radiographs and other imaging 
techniques are used to define anomalies; cytogenetic, molecu-
lar, and biochemical testing screen for underlying chromo-
somal and gene errors; and computer data banks synthesize 
large quantities of information. It may seem that the clinician’s 
role in the evaluation is being displaced by these techniques. 
To the contrary, the physician geneticist remains central to the 
evaluation process, although the role may additionally focus on 
the synthesis and interpretation of analyses, such as obtained 
through genomic sequencing.146 Of equal importance to the 
clinician’s roles in arriving at a correct diagnosis and providing 
comprehensive information for the family is the development 
of a long-term relationship with the family. This has particular 
importance because of the pace at which new knowledge, diag-
nostic techniques, available therapies, and prevention strate-
gies are being devised. The sensitive clinician also orchestrates 
the evaluation in such a manner as to be most efficient and 
least stressful to the emotions, finances, and other resources 
of the family.

Laboratory and imaging technologies play important roles 
in the diagnosis of the infant with anomalies. These roles will 
likely increase as an understanding of the molecular basis 

for anomalies is gained and as high-throughput modalities 
become even faster, cheaper, and more accurate. Testing is 
appropriately used, first, to confirm a suspected diagnosis and, 
second, as a diagnostic probe. Most genetic testing is noninva-
sive. Selection of tests should be made judiciously, nonetheless, 
if for no other reason than the costs involved.

In most cases laboratory testing involves blood samples, 
urine specimens, or tissue biopsy or smears (as from buccal 
mucosa). The ability to perpetuate genotypically stable cell 
lines (as fibroblasts or lymphoblasts) has been of great utility in 
the study of infants with anomalies and other heritable disor-
ders. Cells from these cultures may be frozen and later thawed 
and subcultures reestablished for analysis. However, they are, 
of course, tissue and age specific and may not reflect epigen-
etic changes. This type of collection and storage has been par-
ticularly helpful in those cases where the patient has died and 
in situations where there is the need to transport diagnostic 
materials to some distant site. Referral of samples to research-
ers studying specific conditions may lead to a specific diagno-
sis even years later.

C H R O M O S O M E  A N A LY S I S

Chromosome aberrations, in particular aneuploidies and 
deletions, cause a number of malformation syndromes.147 
Less commonly, chromosome abnormalities may be found 
in apparently isolated malformations. Chromosome prepara-
tions may be made from cultures of lymphocytes, skin and 
other solid tissues, amniotic fluid cells, and chorionic villi. 
Chromosome preparations can also be made on bone mar-
row and chorionic villus cells without culture. The quality of 
such preparations is less satisfactory than that of preparations 
from cell culture. More recently, comparative genomic hybrid-
ization (CGH) array is capable of identifying submicroscopic 
chromosome changes (deletions, duplications, unbalanced 
rearrangements, marker chromosomes) and areas of loss of 
heterozygosity (suggestive of consanguinity). CGH array has 
become standard of care in the work up of congenital anoma-
lies of unknown origin.

B I O C H E M I C A L   T E S T S

Biochemical testing of infants with structural anomalies gives 
only limited yield in most circumstances. Usually, infants 
and children with metabolic disorders do not have structural 
anomalies or other dysmorphic features. Important exceptions 
do occur. Metabolic disorders are an important cause of non-
immune and noninfectious hydrops fetalis (Table I.7).148 Some 
infants with metabolic disorders have structural anomalies or 
distinctive anatomic features at birth (Tables I.8 and I.9), and 
others develop distinctive features with the progression of the 
metabolic disorder.148-153 Defects of neuronal migration and 
other structural abnormalities of the brain have been noted in 
a number of inborn errors of metabolism (Table I.8). Disorders 
of cholesterol metabolism, fatty acid oxidation, glycopro-
tein glycosylation, and peroxisomal metabolism in particu-
lar may be accompanied by anomalies at birth. Persons with 
lysosomal storage diseases typically develop dysmorphic and 



Fig. I.12 Composite of growth curves for individuals with achondroplasia: stature (top) and head circumference (bottom). Females, left; males, right. Shaded areas 
represent normal growth; mean ± 2 SD are shown for achondroplasia. (From Rollins et al.28 based on data of Horton et al.145)
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other features with the passage of time. Hence, infants with 
Hurler disease (MPS 1-H) may have excessive weight, mac-
rocephaly, hernias, macroglossia, and hepatosplenomegaly at 
birth or during the very early months of life. During childhood 
they develop gibbus deformation, stiffness of the joints, cor-
neal clouding, and short stature. Other storage diseases appear 
entirely normal at birth but develop many of the same features 
during early childhood.

The congenital disorders of glycosylation are a large (>60) 
group of complex, multisystem disorders, some of which have 
structural anomalies (Table I.8).154,155 The specific disorders are 
broadly defined as either N-linked or O-linked. Most of the 
disorders show autosomal recessive inheritance; however, a 
few X-linked forms have been described. Originally these dis-
orders were grouped as type I or type II, which was recently 
revised to include the gene name followed by CDG (exam-
ple: CDGIA = PMM2-CDG). Treatment has only been avail-
able for MPI-CDG; however, several novel treatments have 
recently been described (DPAGT1-CDG and PGM1-CDG).

The study of hormone and enzyme metabolism has 
expanded to the study of gene products that are involved in 
the structure of various tissues, and then to animal models for 
proof of principle. These structural proteins—collagen, fibril-
lin, elastin, and others—have proven important in the patho-
genesis of a number of syndromes.59,153,156-159 Defects in different 
collagens have been demonstrated in a number of skeletal 
dysplasias; defective fibrillins have been found in Marfan syn-
drome and Beals syndrome; defective elastin has been found in 
supravalvular aortic stenosis and Williams syndrome.

Newborn screening using blood spots brings certain 
inborn errors of metabolism to attention.160 A battery of bio-
chemical tests can also be performed on urine specimens to 
screen for a variety of metabolic disorders.161 These tests have 
only limited use in the evaluation of the child with congenital 
anomalies. Notable exceptions are the mucopolysaccharidoses, 
which may have hernias, hepatosplenomegaly, and excessive 
intrauterine growth. Urine screening tests may be performed 
on random specimens or timed collections. Other inborn 
errors of metabolism associated with malformations or dys-
morphic features (Table I.9) may require specific testing of 
blood, urine, or cultured cells.

M O L E C U L A R  A N A LY S I S

A vast number of conditions with structural anomalies have 
now been associated with mutations in specific genes; oth-
ers have been localized to more or less discrete regions of the 
genome through techniques such as linkage analysis, homo-
zygosity mapping, or delineation of a minimal critical region 
via microarray. Molecular technologies can be employed in 
the diagnosis, carrier testing, and prenatal detection of many 
of these conditions. The pace of gene discovery and link-
age to developmental anomalies has been quickened by the 
Human Genome Project and related research. As one con-
sequence, molecular diagnostics and molecular cytogenet-
ics have become formidable components of current overall 
laboratory testing technologies and their interpretation.162-167 
Techniques to identify specific sequences of DNA have led to 

an ever-expanding suite of diagnostic tests. Fluorescent probes 
have been developed, using a wide range of colors (flors), to 
identify unique sequences and are utilized directly on inter-
phase nuclei or chromosome preparations (e.g., fluorescent in 
situ hybridization—FISH) to visually identify deletions, dupli-
cations and translocations and the order of genes along the 
chromosome.

Comparative genomic hybridization (CGH) utilizes a 
normal reference panel of DNA to identify missing or extra 
DNA; however, since it is done utilizing chromosomes, the 
molecular mapping of these abnormalities determines which 
chromosome(s) may be affected. It is more accurate than 
analysis of extended chromosome preparations but less accu-
rate than targeted fluorescent probes. Thus, microarrays of 
multiple DNAs, RNAs, and proteins have been developed to 
allow testing for multiple sequences simultaneously. These 
have enormous potential for identifying specific mutations in 
a pathway, expression of specific genes in a time-specific tissue, 
specific manner, and defining differences between normal and 
pathologic states. CGH arrays have become a very important 
test in diagnosing congenital anomalies and individuals with 
dysmorphic features, including where a specific syndrome is 
not apparent.

As generations of DNA sequencing expand, whole genome 
sequencing has become commonplace and exome sequenc-
ing alone has become readily available. Samples from mother 
and father (and often other family members) are usually 
needed for meaningful interpretation. The number of changes 
between generations and within individuals is surprisingly 
large—over 100 changes in DNA between parents and child. 
Thus, although the techniques are very powerful, expertise in 
interpretation is essential. The full understanding of a mutant 
gene often requires animal models, functional protein studies, 
and a systems biology approach.

I M A G I N G

Sonographic and magnetic resonance imaging are to the soft 
structures of the body what X-ray imaging has been to the 
skeleton. The anatomy of internal soft tissues, previously hid-
den to a large degree, can now be studied with noninvasive 
techniques. Heart anatomy can be defined without catheter-
ization; spine and brain anatomy can be outlined without 
pneumoencephalography or vascular imaging; the kidneys 
can be seen without contrast infusions. Most imaging of non-
skeletal internal structures can now be done without radiation 
exposure or invasive studies by using sonography and mag-
netic resonance imaging. Radiographs are still necessary in 
the evaluation of the skeletal dysplasias. Functional imaging 
studies help to define the physiologic and functional differ-
ences in congenital anomalies. In addition, CNS functional 
studies/may reveal the basis for behavioral abnormalities 
when compared to normal.

P H O T O G R A P H Y

Photography provides an easy means of documenting dis-
tinctive anatomic features and recording changes that take 
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TABLE I .9 Inborn errors of metabolism associated with malformations and dysmorphic features

InBorn ErrorS StructurAL AnoMALIES BIocHEMIcAL fIndInGS

Adenylate Succinate Lyase Deficiency Lissencephaly, hypoplasia of cerebellar vermis ADSL deficiency (urinary metabolites)

Congenital Disorders of N-Glycosylation

 CDG I (a,d,e,f,g Subtypes) Variable microcephaly, agenesis of corpus callosum, 
cerebellar hypoplasia, hypertelorism, colobomas, optic 
nerve atrophy, retinitis pigmentosa, short stature, short 
limbs, inverted nipples, abnormal fat disposition, joint 
contractures, ichthyosis, depending on subtype

Abnormal sialidation of serum transferring 
(detected by isoelectric focusing)

 CDG II (a–d Subtypes) Variable coarse facies, short stature, short limbs, large 
and low-set ears

Abnormal sialidation of serum transferrin in 
subtypes a and d (detected by isoelectric 
focusing)

Disorders of O-Glycosylation

 Walker-Warburg Syndrome Lissencephaly, encephalocele, microphthalmia –

 Muscle-Eye-Brain Disease Hydrocephaly, cerebellar hypoplasia, glaucoma, 
muscle dystrophy

–

 Progeroid Type of Ehlers-Danlos Syndrome Short stature, scant scalp hair, aged appearance, 
elastic skin, hypermobile joints, osteopenia

–

 Hereditary Multiple Exostoses Short stature, exostoses –

DOOR (deafness, onychodystrophy, 
onycholysis, mental retardation)

Short broad nose, ptosis, absence of fingernails and 
toenails, triphalangeal thumbs

Elevated a-ketoglutarate

Errors of Cholesterol Synthesis (Smith-
Lemli-Opitz, CHILD, Greenberg dysplasia, 
chondrodysplasia punctata, Antley-Bixler, 
desmosterolosis, lathosterolosis, mevalonic 
aciduria)

Craniofacial, brain, skeletal and genital anomalies Low cholesterol with elevated precursors

Glutaric Aciduria 2 Large fontanel, agenesis of corpus callosum, renal 
cysts, lissencephaly, cerebellar dysgenesis

Acidosis, hypoglycemia, elevations of 
glutaric acid

Lysosomal Disorders 
(mucopolysaccharidoses, mucolipidoses, 
gangliosidoses, sialidoses)

Coarse facies, hernias, hepatosplenomegaly, 
dysostosis multiplex

Elevated urinary mucopolysaccharides, 
abnormal oligosaccharides

Menkes Kinky hair with pili torti, cortical heterotopias, 
dysgenesis of the corpus callosum and cerebellum

Low serum copper and ceruloplasmin

Peroxisomal Disorders (Zellweger, infantile 
adrenoleukodystrophy, infantile Refsum)

Distinctive facies, brain anomalies including migration 
defects and dysgenesis of the cerebellum and corpus 
callosum, corneal clouding, hepatomegaly, renal cysts, 
stippling of epiphyses, joint contractures

Elevated very long chain fatty acids, 
plasmalogens

NOTE: Structural anomalies have also been reported in patients with nonketonic hyperglycinemia, fumarase deficiency, multiple acyl CoA dehydrogenase (MCAD) deficiency.

place over time and are part of the standard of care for human 
malformations. Video helps to document facial expression, 
behavior, strength, and range of movement. Features of 
interest should be documented against a neutral backdrop. 
A scaled background can be used to give an estimate of size 
or range of movement. Measurements of various features 
can be taken from photographs made under standardized 
conditions. Elimination of shadows that obscure details of 
various features may be achieved by indirect illumination. It 
may be desirable to remove clothing, jewelry, or cosmetics 
that cover the feature(s) of interest.

D I S C U S S I O N S  W I T H   T H E   FA M I LY

Communication of information to the affected individual and 
family is perhaps the most important responsibility of the phy-
sician. The physician must be comfortable with explaining the 
heritable or environmental basis of anomalies when an etiol-
ogy is established, and knowledgeable about the potential for 
prevention (through various pregnancy alternatives including 
prenatal diagnosis) and therapies (often in multidisciplinary 
settings). The accuracy of the information provided by the 
physician must be assured by careful attention to the details 
of the case and by a continual awareness of new knowledge. 
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The physician responsible for determining the cause of anom-
alies must become accustomed to the use of the phrase, “I 
don’t know,” rather than obscuration. Search for the cause of 
human anomalies fails in about one-half of the cases (Table 
I.5). Even without knowing the cause, information gained dur-
ing the evaluation may benefit the family. Based on experience 
with similar cases, the prognosis may be reasonably stated and 
the recurrence risk given. In the course of the evaluation, the 
physician and coworkers develop an interest in the affected 
individual and family, gain a feeling for the impact that the 
anomaly may have on family members, and assume a position 
of trust and confidence from which continuing support can be 
given. Sensitivity assists the physician in relating to the fam-
ily. Information gained from the family during the interaction 
may be useful to other similarly affected families in the future.

Much has been said in favor of having a team of special-
ists from different disciplines participate in the evaluation and 
management of certain anomalies.168,169 One advantage is bring-
ing the various medical, surgical, and paramedical person-
nel to one site, which allows their interaction and discussion. 
When the availability of specialists and the logistics make this 
impractical, it is optimal for one physician to assume respon-
sibility for coordinating all aspects of the complex evaluation.

Referral to parent support groups can help address the 
family’s sense of isolation, give access to the most up to date 
information, and allow participation in research concerning 
natural history, new therapies, and basic mechanisms.170-172

Attention should be given to support of the family unit and 
amelioration of the guilt that often develops in one or both 
parents. Paramount among the questions asked by the affected 
individual or parents are what is the defect, how it will affect 
the patient, why did it happen, and will it happen again? In the 
best of circumstances, all these questions can be answered. In 
the worst, none can be answered satisfactorily. In any circum-
stance, an approach to management of the anomaly must be 
worked out with the family. The family may elect to have the 
support and advice of family members, friends, clergy, or oth-
ers. When appropriate, members of the extended family may 
also be brought into the evaluation or provided with informa-
tion (with the permission of the family).

When a diagnosis cannot be made, the physician or fam-
ily may wish to consult other geneticists, dysmorphologists, 
or relevant experts. This may be accomplished by direct con-
sultation in another center or by correspondence. If done by 
correspondence, the sharing of photographs of features is a 
tremendous asset to the consultant, but this requires the fam-
ily’s permission. Regular follow-up is critical to optimizing 
the potential of an eventual diagnosis. These follow-up vis-
its also emphasize to the families that interest in their child’s 
well-being continues.
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1 | LIMBS

ROGER E. STEVENSON

iNTRODUCTiON

Limbs share with the craniofacies great susceptibility to 
malformation, disruption, deformation, and morphological 
variation. This susceptibility can be attributed in part to the 
limb’s developmental complexity, the extended period of mor-
phogenesis, and the exposure of the limbs beyond the protec-
tion of the body wall. Normal limb development also requires 
movement, a function influenced primarily by the nervous 
system, muscles, and the available intrauterine space. A vast 
number of single gene mutations and nearly all human terato-
gens and cytogenetic aberrations affect limb morphology in 
some way.

Formation of the limbs involves quadrilateral position-
ing; mirror image construction of the paired limbs; segmenta-
tion to permit a range of movements; refinement of the upper 
limbs for sensation, fine movements, and object manipulation; 
refinement of the lower limbs for body support and locomo-
tion; rotation of the limbs to a final position best suited for 
function; and placement of specialized structures, such as nails 
and dermal ridges.1-5 When embryogenesis proceeds normally, 
the degree of asymmetry between the paired limbs is not vis-
ibly obvious.

Because of the division of the limb skeleton into upper 
and lower limbs, right and left limbs, three segments in each 
limb, and multiple distal rays in each, the potential combina-
tions of limb anomalies are enormous. One hundred twenty 
separate bones make up the skeleton of the four limbs, mak-
ing possible a vast number of different individual or com-
bined anomalies. By nature of their extension beyond the 
protection of the trunk, the limbs are particularly vulner-
able to mechanical forces which may disrupt or deform their 
usual anatomy and position. In addition, there are numerous 
intrinsic defects of chondroosseous metabolism that affect 
the growth, configuration, and strength of the skeletal com-
ponents of the limbs.6-8

A N AT O M I C A L  E M B RY O L O G Y

Limb development, including the shoulder and pelvic 
girdles, begins at approximately 28  days when limb buds 
become visible along the sides of the embryo on the ven-
trolateral body wall.1-4 Appearance of the forelimb precedes 
that of the hindlimb by one to two days. At first, limb buds 
have a mesenchymal core derived from the parietal layer of 

lateral plate mesoderm that will form bones and connec-
tive tissue and are covered by ectoderm derived from the 
body wall (Fig. 1.I.1). Almost immediately, this ectoderm 
thickens to form the apical ectodermal ridge (AER) that 
regulates limb growth along the proximodistal axis (Fig. 
1.I.2). The ridge secretes fibroblast growth factor (FGF) that 
maintains an undifferentiated population of rapidly prolif-
erating cells near the ridge. Meanwhile, mesoderm cells 
near the flank of the embryo secrete retinoic acid (RA) and, 
thus, a gradient is established between RA and FGFs across 
the limb. Proximal cells exposed to high concentrations of 
RA and low FGFs begin to differentiate, and this pattern 
is repeated until the hand and foot plates are completed. 
Patterning in the anterior-posterior axis (radius to ulna; 
thumb to fifth finger) is regulated by the zone of polariz-
ing activity (ZPA) formed by a cluster of mesoderm cells 
located at the posterior border of the limb near the AER. 
Signals between the AER and ZPA ensure that the limb 
develops in a coordinated fashion along the proximodistal 
and anterior-posterior axes.

Mesodermal
CellsSpinal Cord

Pronephron

Endoderm

Lateral
Plate
Mesoderm

Limb Bud

Fig. 1.I.1 Schematic of initiation of limb bud formation. Left: Mesodermal cells 
that will form limb bud aggregate in the somatic layer lateral plate mesoderm 
at the level of somites 8–11 (upper limb) and somites 24–27 (lower limb). 
Right: As the cells proliferate and migrate outward, bulges form at these two 
levels that represent the early limb buds. (Based on a study of amphibian 
embryos; redrawn after Balinsky BI: An Introduction to Embryology, ed 4. 
WB Saunders Company, Philadelphia, 1975.)
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Fig. 1.I.2 As the limb bud elongates, it forms a thickened ridge of ectoderm 
along the distal surface. This apical ectodermal ridge is required for 
differentiation of the limb into its various parts; if it is removed, limb 
development ceases. (Scanning electron micrograph of mouse limb bud, 
from Kelley RO: Proc Greenwood Genetic Center 6:72, 1987.)

A B C D

E F G H

Fig. 1.I.3 Sequence of limb bud development in human embryos. (A) Embryo 5928, stage 12 (3–5 mm, day 26 postovulation). Upper limb bud appearing. 
(B) Embryo 8372, stage 13 (4–6 mm, day 28 postovulation). All four limb buds visible; upper limb bud more protuberant than lower limb bud. (C) Embryo 8314, 
stage 14 (5–7 mm, day 32 postovulation). Upper limb bud elongated and tapered; lower limb bud enlarging. (D) Embryo 8112, stage 16 (11–14 mm, day 37 
postovulation). Handplate rounded without digital rays, lower limb bud elongated without distinct footplate. (E) Embryo 8017, stage 17 (11–14 mm, day 41 
postovulation). Handplate has visible digital rays; footplate has rounded configuration. (F) Embryo 8097, stage 18 (13– 17 mm, day 44 postovulation). Handplate 
notched along the rim, rays readily discernible, elbow usually seen, early toe rays may be seen. (G) Embryo 8092, stage 19 (17–20mm CR length, days 47–48 
postovulation). Toe rays are more prominent but lack interdigital notches along the rim of the footplate. (H) Enlarged view at stage 19 showing definition of 
digital rays and digital separation of fingers. As in all stages, hand development is about 2 days ahead of foot development. (Embryos from Carnegie Collection, 
courtesy of Drs. Ronan O’Rahilly and Fabiola Müller and the Carnegie Institute of Washington.)

By six weeks, hand and foot plates form, and programmed 
cell death (apoptosis) in the AER creates five growing centers 
for the digits, which are further separated by cell death in 
the interdigital spaces (Fig. 1.I.3). Meanwhile, in this sixth 
week the first hyaline cartilage models for the bones appear 
in proximal limb regions. At 12 weeks, ossification centers 
are present. Interzone regions between bone primordia form 
articular cartilages, while joint capsules are formed from 
mesenchyme surrounding these interzone regions. Apoptosis 
in the interzone regions is an integral process essential for 
joint formation. All bones and connective tissues are derived 
from lateral plate mesoderm; muscles are derived from myo-
tomes migrating into the limbs from adjacent somites; nerves 
grow with the muscle cells and are derived from spinal cord 
segments associated with the limbs (C5-T1, forelimb; L4-S3, 
hindlimb).

M O L E C U L A R  E M B RY O L O G Y

Development of the limb buds is initiated with the speci-
fication of discrete limb fields. The location and identity 
of these fields is largely determined by the differential 
expression of Hox genes along the anterior-posterior axis 
of the embryo. Further growth and differentiation of the 
limb buds is regulated by a complex interaction of retinoic 
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acid (RA) secretion, FGF and WNT signaling, and T-box 
transcription factor (Tbx) expression.9-12 Proximodistal 
outgrowth of the limbs is coordinated by RA secretion in 
the proximal mesoderm and FGF secretion in the AER. 
Dorsal-ventral patterning is mediated, in part, by the 
dorsal-specific expression of Wnt7a.13 Lastly, secretion of 
SHH from the ZPA establishes an expression gradient that 
directs anterior-posterior patterning. SHH inhibits the pro-
teolytic processing of GLI3 to a truncated form, which acts 
as a transcriptional repressor of Hedgehog pathway activ-
ity.14 Recently, long range cis-regulatory mechanisms have 
also been implicated in modulating the expression of criti-
cal limb development morphogens, including Shh.15

The types of limb malformations are protean, affecting 
stature, symmetry, ambulation, dexterity, and appearance. 
They are often accompanied by anomalies of the craniofacial 
and axial skeleton and of nonosseous tissues. In addition, over 
400 more or less distinct dysplasias and dysostoses of the bone 
have been identified.6,7 Some malformations have only trivial 
importance (e.g., postaxial polydactyly type B), some predis-
pose to lifelong complications (e.g., achondroplasia), and oth-
ers are lethal prenatally or in the early years (e.g., sirenomelia, 
achondrogenesis).
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1.1 Limb DefiCieNCY

Deficiencies of bones of the limb may produce limb shorten-
ing, malalignment at joints, altered segment ratios, curvature, 
and loss of symmetry, depending on the degree of deficiency. 
Deficiencies of the lower limb may interfere with ambulation; 
deficiencies of the upper limbs may impair reach and dexter-
ity.1-3 The pectoral and pelvic girdles are usually normal when 
a limb deficiency is present. A notable exception is in the tha-
lidomide limb deficiencies.4 Humeral and femoral deficiencies 
may be accompanied by distal deficiencies of various combina-
tions or have rhizomelic shortening with near-normal distal 
segments.5-6

Long bone deficiencies affect the upper limbs more 
than twice as frequently as the lower limbs (Fig. 1.1.1).7-9 
Isolated intercalary humeral deficiencies are extremely rare.10 
Disturbances of ray formation of the distal segment often, 
but not invariably, accompany deficiencies of one of the long 
bones of the middle segment.11-15 Radial deficiencies often have 
deficiencies of the thumb, navicular and multiangular bones, 
and radial hand deviation; ulnar deficiencies inconsistently 
cause ulnar deviation at the wrist, absence of the pisiform and 
hamate, and deficiencies of rays 4 and 5 of the hand.

Deficiencies of the lower limbs usually cause joint insta-
bility because of the necessity for weight bearing (Fig. 1.1.2). 
Tibial deficiency is the least common lower limb deficiency.7-9 
Although all tarsals, metatarsals, and digits are usually present, 
a low incidence of deficiency of medial foot bones has been 
documented. Talocalcanean and talocalcaneonavicular fusion 
is common.

Bowing of the middle segment of the limb commonly 
occurs when one of the long bones of the segment is deficient 
(Fig. 1.1.3). Convexity of the bowing is directed away from the 
deficient bone. When intrauterine bowing has been marked, a 
cutaneous dimple forms over the apex of the bowed bone (see 
Entry 1.5).

Although clinical observation of the deficient limb is 
in many cases adequate to define the deficiency accurately, 
radiographs are essential and offer a convenient and consis-
tent means of categorizing the malformation based on the 
skeletal deficiency. Normally, all bones of the limb skeleton 
are ossified by the time of birth, except for the carpals, five of 
the seven tarsals, and the patellas.15 Hence classification can 
be accomplished at the time of birth, except for deficiencies of 
these bones. In some cases of partial absence of a long bone, 
the remnant is cartilaginous at birth, becoming ossified later in 
infancy or childhood.

Deficiencies of the limbs often occur as isolated defects. 
About one-half of cases, however, have associated malfor-
mations, necessitating careful search for other minor or 
major anomalies elsewhere in the skeleton as well as in other 
systems.7,16-18
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Fig. 1.1.1 Schematics of selected upper limb deficiencies. A: Normal, B: Amelia, C: Radioulnar terminal transverse deficiency, D: Carpal terminal transverse 
deficiency, E: Absent radius (Longitudinal radial deficiency), F: Humeroradioulnar intercalary deficiency, G: Randioulnar intercalary deficiency, H: absent ulna (ulnar 
intercalary deficiency).
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Fig. 1.1.2 Schematic of selected lower limb deficiencies. A: Normal, B: Amelia, C: Tibiofibular terminal transverse deficiency, D: Tarsal terminal transverse 
deficiency, E: Absent tibia (Tibial longitudinal deficiency), F: Femorotibiofibular intercalary deficiency, G: Tibiofibular intercalary deficiency, H: Proximal fibular 
intercalary deficiency.
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When other defects are present, they are often life threaten-
ing. Among the Swedish Registry, Kallen et al. found 32 percent 
of infants with limb deficiencies to have at least one additional 
non-limb malformation.7 A higher incidence (53 percent and 
58 percent) of other anomalies was reported from the British 
Columbia and Strasbourg surveys of livebirths with limb defi-
ciencies.8,18 The most common associated anomalies included 
those of the central nervous system, musculoskeletal system, 
head and neck, cardiovascular system, gastrointestinal (GI) 
tract, and genitourinary tract. Mortality is highest among 
infants with other defects, particularly cardiac and GI anoma-
lies. Under 10 percent of infants are stillborn, and 10–15 per-
cent die during infancy.

Family history and prenatal exposure history are useful 
in establishing a specific diagnosis. Cytogenetic analysis may 
be helpful in documenting the chromosomal cause of certain 
limb deficiencies and in distinguishing Roberts syndrome and 
Fanconi pancytopenia from genocopies and phenocopies with 
similar limb deficiencies. Premature centromere separation, 
predominantly involving the acrocentric chromosomes and 
chromosomes 1, 9, and 16, may be present in Roberts syn-
drome, and increased spontaneous or induced chromosome 
breakage may be present in Fanconi pancytopenia. Other limb 
deficiencies are associated with abnormalities of the hemato-
poietic system (Thrombocytopenia-absent radius syndrome, 
Aase syndrome).

It is clear that limb reduction defects arise by several 
pathogenetic mechanisms. A  simplistic view holds that 
about one-third result from primary mesodermal or meso-
ectodermal defects, one-third from vascular deprivation, and 
one-third from neuropathic processes. McGuirk et al. attrib-
uted 30 percent of limb reduction defects to genetic causes, 
5 percent to teratogens including maternal diabetes, 34 per-
cent to vascular disruptions, and 32  percent to unknown 
causes.19

The mesodermal or mesoectodermal pathogenesis of 
human limb deficiencies may be inferred from the exten-
sive observations in animal embryos, mostly chicken and 
mouse.20 At the outset of limb formation (stage 12 in upper 
limbs, stage 13 in lower limbs), two phenomena appear 
predominant. First is the aggregation of mesoderm and 
its assumption of limb formation potential. Second is the 
induction and maintenance of the apical ectodermal ridge 
by the underlying limb mesoderm. Interference with either 
of these early processes by genetic or environmental forces 
causes limb development to fail entirely, resulting in amelia 
(Figs. 1.1.1 and 1.1.2).21-24 Normal limb formation depends 
on the presence of fully potent mesoderm and the apical 
ectodermal ridge, and on continued interaction between the 
two until formation is complete. Disturbances of this rela-
tionship may cause limb formation to cease, with variable 
limb deficiencies the result.

McCredie and associates have noted that many limb 
deficiencies tend to follow sclerotomal patterns, that is, the 
affected skeletal structures are those supplied by a single sen-
sory nerve.25-27 Accordingly, these authors suggest that neu-
ropathy of sensory C6 could lead to deficiencies of the radial 
side of the forearm and hand; neuropathy of C7 could lead to 
central ray defects, such as split hand; and so forth. They have 
found that limb reduction defects associated with thalidomide 
follow the sclerotome patterns, as do about one-half of limb 
defects not associated with thalidomide exposure. Among the 
latter, sclerotomal simulation was found to be more common 
among lower limb defects (84 percent) than among upper limb 
defects (37 percent).

Clinical and experimental evidence supports a vascular 
basis for some limb deficiencies.28-33 Artificial induction of 
limb bud hemorrhage in rat embryos has been shown to result 
in limb deficiencies. The deficiencies tend to be distal and 
transverse in nature (Figs. 1.1.4, also Entry 1.1h). Other limb 

Fig. 1.1.3 Bowing of tibias associated with fibular agenesis in a 4-year-old male. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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anomalies such as syndactyly and polydactyly can be induced 
by hemorrhage as well. Van Allen et al. have found limb defi-
ciencies associated with the limb-body wall complex are con-
sistent with vascular pathogenesis.30 Other anomalies that may 
have a vascular basis (renal agenesis, intestinal atresia, cardiac 
defects, central nervous system defects) often accompany the 
limb deficiencies.

Vascular compromise from various insults may cause limb 
reduction, usually of terminal transverse nature.34 Constriction 
of any portion of a limb with amniotic bands may impair vas-
cular supply and cause amputations (Fig. 1.1.5). It is argued by 

some that amniotic or fibrous bands represent secondary non-
causal features in this situation, the primary cause being hem-
orrhage or other vascular compromise in the terminal aspect of 
the developing limb.35,36 Hemorrhage into limb bud tissues may 
also be a plausible explanation for the association of chorionic 
villus sampling and maternal thrombophilias with distal limb 
deficiencies.37-39 Thrombosis or emboli associated with mater-
nal cocaine use or demise of a monozygous twin may cause 
similar terminal deficiencies without evidence of bands.33,40

No event has focused medical and public attention on 
limb malformations more than the thalidomide experience of 

Fig. 1.1.4 Transverse deficiency (carpal terminal transverse deficiency) in 6-year-old male with Poland-Möbius syndrome. Child has facial weakness and absence of 
left pectoralis major in addition to the limb deficiency. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)

Fig. 1.1.5 Amniotic band disruptions. Left: Newborn infant with right midshank amputation and left leg constriction ring. Right: Finger III constriction ring and 
distal amputation and Finger IV amputation in 45-year-old man.
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the late 1950s and early 1960s. An estimated 5,800 cases of 
thalidomide embryopathy occurred between 1958 and 1963.4 
A  concentration of cases was found in European countries, 
but the embryopathy was seen throughout the world wher-
ever thalidomide was available. The most conspicuous com-
ponent of the embryopathy was the astounding array of limb 
deficiencies. With the exception of terminal transverse defi-
ciencies and unilateral deficiencies, almost every conceivable 

configuration and combination of limb deficiency were seen 
among affected infants (Fig. 1.1.6). Although extensive inves-
tigations have been conducted, the mechanism by which tha-
lidomide causes limb deficiencies and other malformations 
remains uncertain.41

Other environmental insults of greatest importance 
as causes of limb deficiencies include maternal diabetes; 
vascular compromise by amniotic bands or other constric-
tive forces; and prenatal exposure to warfarin, hydantoin, 
or cocaine. Maternal diabetes complicates 2–3  percent 
of pregnancies. Infants born of diabetic mothers have 
increased risk of cardiac, central nervous system, and spine 
malformations. Limb defects have been found in less than 
1  percent of infants of diabetic mothers (Fig. 1.1.7).42-44 
Most commonly, defects appear in the lower limbs, and 
these may be associated with defective development of the 
lower spine. Focal femoral hypoplasia and sirenomelia are 
seen with increased frequency among infants of diabetic 
mothers.

Mild terminal deficiencies of digits have been found sec-
ondary to intrauterine exposure to warfarin and hydantoin 
(Fig. 1.1.8). Usually only the terminal phalanx of one or more 
digits is affected, and this is accompanied by nail hypoplasia 
or absence.

Heritable causes may be identified for limb deficiencies 
covering the gamut of defects found in thalidomide embry-
opathy, as well as terminal transverse and unilateral defects. 
Various chromosomal aberrations and gene mutations are 
among these.45 In many such circumstances, the limb defi-
ciency is but one component of a multiple anomaly syndrome.

Fig. 1.1.6 Prenatal thalidomide exposure. Left: midline facial hemangioma and upper limb deficiency. Right: Upper limb deficiency and normal lower limbs.

Fig. 1.1.7 Unilateral limb deficiency in infant of a diabetic mother. The 
right lower limb was hypoplastic with bowed femur, proximally placed and 
elongated great toe, syndactyly of middle digits, and absence of one ray.
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In most cases of heritable isolated and syndromal long 
bone deficiencies, the mutated genes are not known. Important 
exceptions may be cited:  TBX5 mutations in Holt-Oram 
syndrome, TBX3 in ulnar-mammary syndrome, NIBPL 
in Cornelia de Lange syndrome, CDF5 in DuPan fibular 
hypoplasia-brachydactyly, SHOX in Langer mesomelic dyspla-
sia, and NSDHL in Congenital hemidysplasia-ichthyosiform 
erythroderma-limb defects (CHILD) syndrome.45-49 Genomic 
rearrangements of 7q and duplications of 10q have been found 
in type 1 and type 3 split-hand/foot malformation (SHFM), 
in which the long bones are not usually affected.50 In contrast, 
SHFM with long bone deficiency has been associated with 
duplications of 17p.

Limb deficiencies occur in three to eight infants of every 
10,000 live births (Tables 1.1.1, 1.1.2, ).7-9,16-18 Upper limbs 
are affected at least twice as commonly as the lower limbs, 
and unilateral defects are four times as common as bilateral 

Fig. 1.1.8 Digital and nail hypoplasia associated with prenatal exposure to hydantoin. Terminal phalanges may be hypoplastic or absent. (Courtesy of Dr. James 
W. Hanson, University of Iowa, Iowa City.)

TABLE 1.1.1  incidence of Limb Reduction Defects

affeCTeD

iNfaNTs/biRTHs

RaTe PeR

1,000 biRTHs

Kallen et al., 19847

Sweden, 1965–1979
Livebirths, stillbirths

855*/1,368,024 0.62

Froster-Iskenius and 
Baird, 19898

British Columbia, 1966–1984
Livebirths

422/706,844 0.60

Czeizel et al., 199154

Hungary, 1974–1984
Livebirths, stillbirths

868/1,575,904 0.55

Lin et al., 199353

USA: New York, 1983-1987
Livebirths

271/720,047 0.45

Stoll et al., 199616

Europe, 1982-1991
Livebirths, stillbirths, 
terminations

432/611,158 0.71

McGuirk et al., 200119

USA: Boston, 1972–1994
Livebirths, stillbirths, 
terminations

110/161,252 0.68

Loane et al., 201051

Europe, 1999–2008
Livebirths, stillbirths, 
terminations

2,319/4,178,378 0.56

affeCTeD

iNfaNTs/biRTHs

RaTe PeR

1,000 biRTHs

PHAC, 201352

Canada, 1998–2007
Livebirths, stillbirths

1,302/3,428,912 0.38

NCBDDD, 20139

USA, 14 surveillance  
programs, 2006–2010
Livebirths

3,238/6,396,184 0.51

*includes sirenomelia (16 cases) and micromelia (19 cases)

PHAC—Public Health Agency of Canada

NCBDDD—National Center for Birth Defects and Developmental Disabilities, Centers for Disease Control and 

Prevention.
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deficiencies. Among unilateral defects, the right limbs are 
affected more frequently. A  slight preponderance of affected 
males has been noted for most limb deficiencies.
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1 . 1 A  A B S E N C E  O F   L I M B

(Amelia, Limb Agenesis)

Definition: Failure of a limb to form.

ICD9/ICD10: 755.200, 755.300/Q71.0, Q72.0 Syndrome Associations (Appendix)
CHILD (NSDHL)
DK phocomelia
Femur-fibula-ulna
Limb-body wall
Ohdo tetra-amelia
Schinzel phocomelia (WNT7A)
SC phocomelia (ESCO2)
Splenogonadal fusion
VACTERL
Zimmer tetra-amelia
Prenatal thalidomide exposure

Birth prevalence: 1/50,000–1/100,000

Associated anomalies: neural tube, facial clefting, 
cardiac, gastrointestinal, genitourinary, other 
musculoskeletal defects

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography, gene sequencing

Cause: Mendelian (AR, AD, XLR), environmental

Absence of a limb is the rarest of the limb deficiencies, 
accounting for less than 2 percent of cases of all limb deficien-
cies. Absence of a single limb accounts for two-thirds of amelia 
(Fig. 1.1a.1).1 Absence of three limbs and four limbs is exceed-
ingly rare (<1  percent tri-amelic, <2  percent tetra-amelic). 
Over half of cases have associated anomalies, with neural tube, 
body wall, renal, and other skeletal defects being most com-
mon.1-9 Stillbirths have a much higher incidence of associated 
anomalies than do liveborn infants.5

A limb prosthesis may be used for cosmetic appearance, 
but not for function. Associated anomalies contribute more to 
long-term prognosis than does amelia.
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1 . 1 B  A B S E N T   R A D I U S

(Radial Agenesis, Radial Aplasia, Radial Hemimelia, Preaxial Intercalary or Terminal Longitudinal Deficiency of Upper Limb, 
Radial Club Hand)

Definition: Partial or complete failure of radius to form with accompanying absence or hypoplasia of the thumb and radial 
angulation at the wrist.

ICD9/ICD10: 755.26/Q71.40 Syndrome Associations (Appendix)
Baller-Gerold (RECQL4)
Fanconi pancytopenia (FANC genes)
Holt-Oram (TBX5)
LADD (FGFR2, FGFR3)
Okihiro (SALL4)
Thrombocytopenia-absent radius (RBM8A, del 1q21.1)
VACTERL (uncertain)
VACTERL-H (FANCB in minority)
Trisomy 18
Triploidy
Prenatal thalidomide exposure
Maternal diabetes

Birth prevalence: 1/6,000–1/30,000

Associated anomalies: cardiac, skeletal, gastrointestinal, 
genitourinary, or hematopoietic in two-thirds

Laboratory studies: radiographs, complete blood 
count, chromosome analysis, genomic microarray, 
chromosome breakage studies, gene sequencing

Prenatal diagnosis: ultrasonography reliable, no 
biochemical markers

Cause: Mendelian (AD, AR, XL), chromosomal, 
environmental

Absence or hypoplasia of the radius is the most common of 
the long bone deficiencies, in some series accounting for more 
cases than all other long bone deficiencies combined. Radial 
deficiency is clinically suspected in the presence of shorten-
ing of the forearm, absent or abnormal thumb, and radial 

angulation at the wrist (Fig. 1.1b.1).1-3 The first metacarpal and 
scaphoid and rarely other carpal bones may be absent or mal-
formed. Carpal coalitions may also occur, and the ulna may be 
bowed with radial concavity. Radiographs are the most conve-
nient way to confirm the extent of the deficiency.

A

      

B

     

C

Fig. 1.1a.1 A: Four-limb amelia in 6-week-old female infant. (Courtesy of Dr. Charles I. Scott, Jr. A.I, DuPont Institute, Wilmington, DE.). B: Two-limb agenesis as 
shown in Plate 63.1 of Vrolik W: Tabulae Illustrating Normal and Abnormal Development in Man and Mammals. Keys Printing, Greenville, SC, 2004. C: One-limb 
agenesis in 23-week fetus with limb-body wall defect.
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The classification system for radial deficiency, as developed 
by Bayne and Klug and modified by Goldfarb et al., is shown 
in Fig. 1.1b.2.4,5 When the radius is completely absent, the ulna 
and humerus may also be deficient or malformed. Unilateral 
deficiencies are twice as common as bilateral deficiencies. 
Among unilateral deficiencies, the right radius is more com-
monly affected. A  slight preponderance of affected males has 
been noted.

Associated anomalies are common and correlate with the 
severity of the radial deficiency.1,3,6-10 Goldfarb et al. reported 
that 75  percent of patients with radial deficiency had other 
abnormalities.1 Almost half of these individuals represented 
syndromes, most commonly Thrombocytopenia-absent radius 
(TAR) syndrome, VACTERL association, and Holt-Oram syn-
drome. Co-occurring anomalies that did not represent recog-
nizable syndromes included cardiac, vertebral, and other limb 
abnormalities.

Treatment: The goal of treatment is to restore function 
and appearance of the upper limb(s).3,11,12 Realignment of 
the distal ulna with the center of the carpus, straightening 
of the ulna, and conversion of the index finger for use as 
an opposable digit is one of a number of surgical or casting 
procedures that have been utilized. When the radius is com-
pletely absent, the accompanying malformed thumb, if pres-
ent, cannot be reconstructed. A notable exception is found 
in TAR syndrome, in which the thumb is present and usually 
functional.

Inasmuch as shortening is usually an integral part of these 
conditions, various methods of surgical lengthening must 
be weighed against amputation with prosthetic restoration. 
Because the shortened limb may be programmed to be short, 
lengthening procedures are frequently complicated and often 
end in failure.

A B

C

Fig. 1.1b.1 Absent radius. A: Absent radius and thumb bilaterally in Holt-Oram syndrome. B: Absent radius with thumb present in Thrombocytopenia-absent radius 
syndrome. C: Absent radius with unilateral absence of thumb in Trisomy 18.
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Fig. 1.1b.2 Classification of types I to V of absence/hypoplasia of radius, based 
on Bayne and Klug 1984.4
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Prognosis: Radial deficiencies outnumber other long bone 
deficiencies among fetal autopsies, occurring 50- to 100-fold 
more frequently than among liveborn infants. The prognosis 
for survival of liveborn infants depends more on the associ-
ated anomalies than on the limb defects. Among infants with 
isolated radial deficiency, the mortality is negligible; among 
those with trisomy 18, early lethality is common; among 
those representing other syndromes, mortality is variable.
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1 . 1 C  A B S E N T   U L N A

(Ulnar Agenesis, Ulnar Aplasia, Ulnar Deficiency, Ulnar Hemimelia, Postaxial Intercalary or Terminal Longitudinal Deficiency 
of Upper Limb)

Definition: Partial or complete failure of ulna to form with accompanying absence or hypoplasia of fingers IV and V.

ICD9/ICD10: 755.27/Q71.5 Syndrome Associations (Appendix)
Al-Awadi/Raas-Rothschild (WNT7A)
Beck ulnar aplasia-split hand
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Femur-fibula-ulna
Fibuloulnar aplasia-renal dysplasia
Fuhrmann (WNT7A)
Klippel-Feil-absent ulna
Marles
Miller acrofacial (DHODH)
Schinzel phocomelia (WNT7A)
Stratton cardiomelia-ulnar agenesis
Ulnar-mammary (TBX3)
Weyers oligodactyly

Birth prevalence: 1:100,000

Associated anomalies: skeletal malformations of 
upper and lower limbs, malformations of other systems 
uncommon

Laboratory studies: chromosome analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: ultrasonography reliable

Cause: chromosomal, Mendelian (AD)

Absence or hypoplastic ulna is clinically suspected in the 
presence of a short forearm with absence or hypoplasia of 
fingers IV and V (Fig. 1.1c.1).1-6 Ulnar deviation at the wrist 
and absence or hypoplasia of finger III occur inconsistently. 
Underdevelopment of the thumb and webbing of the first 
interdigital space occurs in three-fourths of cases.2,3

The entire limb may be hypoplastic and internally rotated 
with the palm facing backwards, particularly when humerora-
dial synostosis is present. Radiographs will document the size 
and shape of residual ulna and may identify other changes in 
the upper limb, including syndactyly, curvature or deficiency 
of the radius, absence or malformation of the metacarpals and 
carpals, deficiency of the distal humerus, and humeroradial 

synostosis. The femurs and fibulas may be absent or hypoplas-
tic, and minor vertebral anomalies have been reported. Various 
classifications have been developed based on the degree of 
ulnar deficiency, abnormalities of the elbow joint, and the type 
of hand malformations (Fig. 1.1c.2).1,2,7

Ulnar deficiency occurs less commonly than radial defi-
ciency. Unilateral deficiencies greatly outnumber bilateral 
deficiencies, and males predominate.8-11 In contrast to radial 
deficiency, ulnar deficiency uncommonly has associated mal-
formations of the heart, kidneys, and other internal organs. 
With contemporary cytogenetics and molecular technolo-
gies, a specific cause may be found in about 20  percent of 
cases.12-14
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Treatment: A number of surgical reconstructive procedures 
may improve the appearance and function of the affected 
limb.6,7 Thumb reconstruction is undertaken most frequently 
and may involve release of syndactyly with the index finger or 
deepening of the interdigital web and rotational osteotomy to 
achieve opposition. Any remaining cartilaginous anlage which 
tethers the ulna to the carpus and worsens ulnar hand devia-
tion may be resected. Osteotomy of the distal humerus may be 
required if the limb is rotated. Surgical lengthening of the fore-
arm or creation of a single bone forearm is rarely indicated.

Prognosis: Children learn to use the affected forearm(s) and 
hand(s) remarkably well, the degree of deficiency notwith-
standing. Further improvement of function is usually gained 
from surgical reconstruction.
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Fig. 1.1c.1 Ulnar deficiency. Bilateral ulnar terminal longitudinal deficiencies 
in a 2-year-old male. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, 
Wilmington, DE.)

Fig. 1.1c.2 Classification of ulnar deficiencies, adapted from Goldfarb et al., 
2005.10
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1 . 1 D  A B S E N C E  A N D  H Y P O P L A S I A  O F   T H E  H U M E R U S

(Humerus Aplasia, Humerus Agenesis, Longitudinal Humeral Deficiency)

Definition: Partial or complete failure of the humerus to form.

ICD9/ICD10: 755.59/Q71.8 Syndrome Associations (Appendix)
Atelosteogenesis (FLNB)
SC phocomelia (ESCO2)
Thrombocytopenia-absent radius (RBM8A, del 1q21.1)
Prenatal thalidomide exposure

Birth prevalence: very rare

Associated anomalies: other limb anomalies, cardiac 
defects

Laboratory studies: platelet counts, radiographs, gene 
sequencing

Prenatal diagnosis: ultrasonography reliable

Cause: Mendelian, environmental

Absence of the humerus is the rarest of the long bone deficien-
cies. The middle and distal segments of the limb may be pres-
ent and attach at the shoulder joint. These segments may be 
fully formed or have deficient rays and musculature. Although 
individual cases of absence of the humerus have been reported, 
including its description in a skeleton dating from the 13th cen-
tury, the greatest experience with this malformation has been 
with infants exposed prenatally to thalidomide (Fig. 1.1d.1).1-7 
Limb deficiencies, especially those of the upper limbs, were 
the most notable malformations in thalidomide embryopathy, 
although craniofacial, gastrointestinal, and other anomalies 

occurred as well. In most cases, both upper limbs were involved 
to more or less equal extent.7 This is also the case with SC pho-
comelia and Thrombocytopenia-absent radius syndrome.

Partial deficiencies of the humerus include absence of the 
humeral head and proximal humerus and incomplete forma-
tion of the distal diaphysis and metaphysis.8 Fibrous or carti-
laginous remnants may be found in the nonossified portion.

Treatment: Full cosmetic and functional restoration of this 
limb deficiency is not possible. However, children become 
very adept in daily living skills using whatever residual limb 

Fig. 1.1d.1 Deficiency of humerus with hand and digits attached at end of remnant humerus in a 16-year-old teen with prenatal thalidomide exposure. (Courtesy of 
Dr. Charles I. Scott, Jr., A.J. DuPont Institute, Wilmington, DE.)
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is available. Premature amputation of residual or vestigial 
digits, even those with little movement or strength, should 
be avoided as they may become invaluable for operation of 
prosthesis or small object manipulation.9 Many children are 
able to use the feet to replace hand function. Passive and 
active prostheses are important parts of habilitation in some 
children.

Prognosis: The prognosis depends on the successful navi-
gation of three phases of habilitation. Initially, development 
of skills for play and self-care are most important. Thereafter 
comes the transition to independence and social accep-
tance. Finally, education and work skills are key to optimal 
outcome.9
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1 . 1 E  A B S E N C E  A N D  H Y P O P L A S I A  O F   T H E   T I B I A

(Tibial Aplasia, Tibial Agenesis, Tibial Hypoplasia, Tibial Hemimelia, Tibial Deficiency, Intercalary or Terminal Longitudinal 
Tibial Deficiency)

Definition: Failure of all or part of the tibia to form.

ICD9/ICD10: 755.365/Q75.50-Q75.53 Syndrome Associations (Appendix)
CHILD (NSDHL)
Focal femoral hypoplasia
Gollop-Wolfgang
Langer-Giedion (del 8q23-q24)
Orofaciodigital IV (TCTN3)
SC phocomelia (ESCO2)
Split-hand/foot-limb deficiency (dup 17p13.3)
VACTERL
Prenatal valproate exposure

Birth prevalence: 1/1,000,000 livebirths

Associated anomalies: Other skeletal malformations

Laboratory studies: radiographs, MRI/CT

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian, environmental

The appearance of the infant with tibial aplasia varies consid-
erably, depending on the presence of other skeletal anoma-
lies of the limbs (Fig. 1.1e.1). Isolated tibial deficiency with a 
near normal fibula is most common and presents as two vari-
ants.1-3 In one variant, the distal femur or its epiphysis may be 
hypoplastic. In the alternative variant, the distal femur and 
its epiphysis are normally developed (Fig. 1.1e.2). Deficiency 
or duplication of the rays of the foot and tarsal anomalies 
including tarsal–tarsal coalitions may occur. The shank 
appears short, and the knee is unstable and usually flexed. 
The position of the foot is markedly abnormal with the sole 
directed medially or forward. No remnant of tibia is visible 
radiographically.

In the other types of tibial deficiency, some portion of 
tibia is present (Fig. 1.1e.2).2 In type 2, only the proximal tibia 
is found; in type 3, only a portion of the distal tibia can be 
detected; and in type 4, most of the tibia is present but dis-
tally diverges from the fibula. Another unique variant is tibial 
hypoplasia associated with bifurcation of the distal femur, the 
so-called Gollop-Wolfgang complex.4-9

Tibial deficiency is the least common of the long bone 
deficiencies of the lower limbs, but is the most common limb 
deficiency in VACTERL association and in split-hand/foot 
malformation with long bone deficiency.8,9

Treatment: Amputation with prosthesis habilitation has tra-
ditionally been the surgical treatment of choice. An alterna-
tive approach in cases with some proximal portion of the tibia 
has been tibialization of the fibula by fusing the fibula to the 
remnant tibia.10 The treatment involves reconstruction of the 
knee and ankle joints as well as lengthening of the compound 
thin bone.

Prognosis: Although reconstruction of the knee, shank, 
and ankle have produced limb length equalization with good 
function in most cases, it is lengthy and fraught with many 
complications.
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Fig. 1.1e.1 Male infant has tibial intercalary longitudinal deficiency. Relatively normally formed feet are inverted at the ankle. (Courtesy of Dr. Charles I. Scott, Jr, 
A.I. duPont Institute, Wilmington, DE.)

A B C D E

Fig. 1.1e.2 Schematics of tibial deficiencies with intact fibula. A: absence of 
tibia and distal femoral epiphysis. B: absence of ossified tibia but with a small 
cartilaginous anlagen. C: absence of distal tibia. D: hypoplastic tibia with 
ossified midshaft. E: hypoplastic distal tibia with distal divergence of tibia and 
fibula. (Adapted from Jones et al. 1978.2)



L i m b s  |  55

1 . 1 F  A B S E N C E  A N D  H Y P O P L A S I A  O F   T H E   F I B U L A

(Fibula Aplasia, Fibula Agenesis, Fibular Hypoplasia, Fibular Hemimelia, Longitudinal Fibular Deficiency)

Definition: Partial or complete failure of the fibula to form.

ICD9/ICD10: 755.366/Q72.60-Q72.63 Syndrome Associations (Appendix)
Al-Awadi/Raas-Rothschild (WNT7A)
Du Pan (GDF5)
FATCO
Femur-fibula-ulna
Focal femoral hypoplasia
Fuhrmann (WNT7A)
Langer mesomelic dysplasia (SHOX)
Pfeiffer absent fibula-oligodactyly
Santos fibular aplasia
Schinzel phocomelia (WNT7A)
SC phocomelia (ESCO2)
Short rib-polydactyly III
Maternal diabetes

Birth prevalence: 1/50,000–1/135,000

Associated anomalies: other skeletal malformations

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasound

Cause: Mendelian, environmental

Absent or marked hypoplasia of the fibula, the most common 
long bone deficiency of the lower limbs, may be suspected when 
the shank is short and one or more lateral rays of the foot are 
missing (Fig. 1.1f.1). Often the tibia is bowed to some degree, 
and tarsal coalitions are frequent as is clubfoot. The tibial bow-
ing is convex away from the deficient fibula. If marked bow-
ing was present prenatally, a cutaneous dimple may be found 
over the apex of the bowed tibia. Fibular deficiency almost 
never occurs as an isolated skeletal finding without coexisting 
abnormalities of the other long bones of the lower limbs and 

feet. Unilateral deficiency occurs in about 80 percent of cases, 
and males are more commonly affected.1,2 Malformations of 
the upper limbs are present in 10–20 percent of cases. Fibular 
deficiency, particularly bilateral deficiencies, may be a mani-
festation of a mesomelic skeletal dysplasia or a recognizable 
malformation syndrome.3-7

The severity of the fibular deficiency, the presence of other 
bony anomalies of the limbs, and the position of the foot form 
the basis for a classification scheme (Fig. 1.1f.2).8 In type I, the 
fibula is minimally short, the femur and tibia are not angulated, 

A B C

Fig. 1.1f.1 Fibular deficiencies. A: 10-year-old male with mesomelic shortening of lower limb. B and C. Radiographs show marked fibular hypoplasia in infancy and 
at age 16 years in affected sisters.
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and the knee is stable. Lateral rays of the foot may be deficient, 
and the ankle may be unstable. In type II, the fibula and tibia 
are greatly shortened, the knee and ankle are unstable and 
in valgus position, and lateral rays of the foot are missing or 
hypoplastic. In type III, the fibula is absent entirely, the tibia is 
short and deformed, and the foot is deviated laterally and defi-
cient in lateral rays. The femur is usually short and the knees 
are unstable with valgus deviation.

Treatment: Preservation of a functional foot and correction 
of limb length discrepancy are major considerations in deter-
mining treatment. Most feet with four or more rays can be pre-
served; only half of feet with three rays and few with less than 
three rays can be preserved. Limb lengthening by distraction 

can correct limb length inequality of moderate severity.10 
When upper limb malformations are present, the feet may be 
preserved to substitute for hand functions.2

Prognosis: Acceptable ambulation and athletic participation 
can be achieved by children with amputation and prosthesis 
habilitation and by those with foot preservation and correction 
of limb length inequality.
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1 . 1 G  A B S E N C E  A N D  H Y P O P L A S I A  O F   T H E   F E M U R

(Femoral Agenesis, Femoral Aplasia, Longitudinal Femoral Deficiency, Short Femur, Focal Femoral Deficiency)

Definition: Partial or complete failure of development of one or both femurs.

ICD9/ICD10: 755.3, 755.68/Q72.1 Syndrome Associations (Appendix)
Femoral-facial
Femur-fibula-ulna
Fuhrman (WNT7A)
SC phocomelia (ESCO2)
VACTERL
Maternal diabetes
Prenatal thalidomide, misoprostol exposure

Birth prevalence: absence: very rare, 
hypoplasia: 1/50,000 to 1/100,000

Associated anomalies: other skeletal, craniofacial, 
cardiac, and gastrointestinal and genitourinary 
malformations in syndromal forms

Laboratory studies: radiographs, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian, environmental

Absence of the femur is much less frequent than hypoplasia 
of the femur.1-4 In both, the limb is shortened with the mus-
culature and soft tissues compressed into a short proximal 
segment (Fig. 1.1g.1).1-10 In unilateral deficiencies, the foot 

of the affected limb is located at the level of the knee of the 
unaffected limb. The middle and distal segments of the limb 
may be normal or may have deficient rays, generally on the 
fibular side.

Fig. 1.1f.2 Fibular deficiencies. Schematics showing absence/hypoplasia of fibula.
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A number of classifications have been proposed, all based 
on the degree of shortening and the status of the femoral neck 
and head (Fig. 1.1g.2).5-8 If any remnant of the femur persists, 
it will represent the distal-most portion.

Isolated cases of absence or hypoplasia of the femur are 
more commonly unilateral than are the syndromal forms.1-4, 9-14 
Absence of one femur and marked hypoplasia of the opposite 
femur have been reported. Although prenatal thalidomide 
exposure was a major cause of femoral deficiencies in the late 
1950s and early 1960s, maternal diabetes is currently the envi-
ronmental influence most frequently associated with femoral 
hypoplasia.15,16 Males are affected more commonly than females. 
Prenatal diagnosis has been achieved with ultrasound.17

Treatment: A number of treatment strategies are utilized to 
enable weight bearing and ambulation.18-20 These include recon-
struction of the acetabulum, femoral osteotomy, distraction bone 
lengthening, and prostheses. Management is individualized based 
on the integrity of the acetabulum, the remnant femur, if any, and 
the presence of other skeletal and nonskeletal malformations.

Prognosis: Children with limb deficiencies may have low 
self-esteem and feel social isolation because of their physical 
and functional differences. The degree to which these are over-
come, in part through the child’s initiative and the support of 
family, peers, and the medical team, determines the outcome 
in the teen and adult years.

       

Fig. 1.1g.1 Femoral hypoplasia. Term infant of a diabetic mother with square face, short nose, full cheeks, left femoral aplasia, right femoral hypoplasia, thin fibulas, 
and thin windswept feet.

Fig. 1.1g.2 Schematic of femoral deficiencies. A: short femur on right lower limb. B: short femur with varus deformation of femoral neck. C: short femur with 
marked deformation of proximal femur and neck. D: Absence of proximal femur. E: absent femur.



58 |  H U m a N  m a L f O R m aT i O N s  a N D  R e L aT e D  a N O m a L i e s

REFERENCES

 1. Bose KS: Congenital absence of the femur. J Indian Med Assoc 21:20, 1951.
 2. Acker RB: Congenital absence of femur and fibula. Report of two cases. 

Clin Orthop 15:203, 1959.
 3. Michel PL: Deux nouveaux cas d’absence congenital complete du femur. 

La Presse Medicale 51:1213, 1957.
 4. Clumann RA:  Congenital absence of both femurs. Arch Pediatr 

15:928, 1898.
 5. Aitken GT: Amputation as a treatment for certain lower-extremity con-

genital abnormalities. J Bone Joint Surg Am 41A:1267, 1959.
 6. Amstutz HC, Wilson PD Jr: Dysgenesis of the proximal femur (coxa vara) 

and its surgical management. J Bone Joint Surg Am 44A:1, 1962.
 7. Gillespie R, Torode JP:  Classification and management of congenital 

abnormalities of the femur. J Bone Joint Surg Br 65B: 557, 1983.
 8. Pappas AM:  Congenital abnormalities of the femur and related lower 

extremity malformations:  classification and treatment. J Pediatr Orthop 
3:45, 1983.

 9. Lenz W, Zygulska M, Horst J: FFU complex: an analysis of 491 cases. Hum 
Genet 91:347, 1993.

 10. Filly AL, Robnett-Filly B, Filly RA:  Syndromes with focal femoral defi-
ciency. Strengths and weaknesses of prenatal sonography. J Ultrasound 
Med 23:1511, 2004.

 11. Geniets C, Vanhoenacker F, Biaumeiser B, et al.: Femur-fibula-ulna com-
plex. JBR-BTR 89:130, 2006.

 12. Girisha KM, Vasudevan TG, Saadi AV, et al.: Hypoplasia/aplasia of pel-
vis, femora, fibulae, ulna, digits and nails: Fuhrmann syndrome without 
WNT7A mutations. Clin Dysmorphol 20:205, 2011.

 13. Marchese JW, Mullen MG, Doherty JH Jr:  Proximal femoral focal defi-
ciency and fibular hemimelia associated with misoprostol use:  a case 
report. Clin Dysmorphol 21:229, 2012.

 14. Nowaczyk MJM, Huggins MJ, Fleming A, et  al.:  Femoral-facial syn-
drome: prenatal diagnosis and clinical features. Report of three cases. Am 
J Med Genet A 152A:2029, 2010.

 15. Quibell EP:  The thalidomide embryopathy. An analysis from the UK. 
Practitioner 225:721, 1981.

 16. Buyukkayham D, Koklu E, Akcakus M, et al.: Femoral hypoplasia in two 
newborns associated with maternal diabetes mellitus. J Pediatr Endocrinol 
Metab 20:1151, 2007.

 17. Silvas E, Rypens F, Jovanovic M, et al.: Prenatal diagnosis of femoral-facial 
syndrome: report of two cases. Birth Defects Res A 97:770, 2013.

 18. Monsell FP, Bintcliffe FAC, Evans C, et  al.:  Management of congenital 
femoral deficiency. Early Hum Dev 89:915, 2013.

 19. Westberry DE, Davids JR: Proximal focal femoral deficiency (PFFD): man-
agement options and controversies. Hip Int 19:S18, 2009.

 20. Aston WJS, Calder PR, Baker D, et al.: Lengthening of the congenital short 
femur using the Ilizarov technique. J Bone Joint Surg Br 91B:962, 2009.

1 . 1 H  T E R M I N A L  T R A N S V E R S E  L I M B  D E F I C I E N C Y

(Terminal Limb Deficiency, Transverse Limb Deficiency)

Definition: Termination of a limb or a digit with absence of all distal parts.

ICD9/ICD10: 755.21, 755.31/Q71.00, Q72.00 Syndrome Associations (Appendix)
Acheiropodia (LMBR1)
Adams-Oliver (ARHGAP31, DOCK6, RBPJ, EOGT)
Aglossia-adactyly
Alpha thalassemia-limb defects
CHILD (NSDHL)
Femur-fibula-ulna
Limb-body wall complex
Poland
SC phocomelia (ESCO2)
Splenogonadal fusion-limb deficiency
Chorionic villus sampling
Maternal thrombophilias
Prenatal cocaine, misoprostol, warfarin, hydantoin exposure

Birth prevalence: 1/2,500–1/8,000

Associated anomalies: skeletal, body wall

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian, environmental

Terminal transverse limb defects are equal in prevalence to 
longitudinal limb deficiencies.1-3 Most are sporadic, isolated, 
and unilateral.4 Transverse limb defects typically leave a stump, 
which may be smooth or may have rudimentary digits (Fig. 
1.1h.1). The upper limbs are more commonly affected. The 
location of the transverse defect may be in any limb segment. 
When the defect involves the digits, one or more digits may be 
affected (see Oligodactyly, Entries 2.4A and 2.4B).

Vascular compromise from various causes may 
cause transverse limb defects (Figs. 1.1h.2, 1.1h.3, ).5-10 
Constriction of any portion of a limb with amniotic bands 
may impair vascular supply and cause amputation. It is 
argued by some that amniotic or fibrous bands represent 

secondary noncausal features in this situation, the primary 
cause being hemorrhage or other vascular compromise in 
the terminal aspect of the developing limb. Hemorrhage 
into limb bud tissues may also be a plausible explanation for 
the association of chorionic villus sampling and maternal 
thrombophilias with distal limb deficiencies. Thrombosis or 
emboli associated with maternal cocaine use or demise of 
a monozygous twin may cause similar terminal deficiencies 
without evidence of bands.

A minority of transverse limb defects are caused by heri-
table syndromes.11-15 They are similar in clinical appearance to 
sporadic defects, but are more likely to affect more than one 
limb and to be associated with malformations in other systems.
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Mild terminal deficiencies of digits have been found sec-
ondary to intrauterine exposure to warfarin and hydantoin. 
Usually, only the terminal phalanx of one or more digits is 
affected, and this is accompanied by hypoplasia of the nail.

Treatment: The approach to treatment is tailored initially to 
the parents’ wishes and eventually to the child’s preference.15 
More distal transverse deficiencies may permit acceptable 
limb function without any treatment, particularly if the limb 
has sensation and can meet its partner in the midline. Higher 
level transverse defects are often managed with passive pros-
theses initially and later with powered prostheses. The earlier 
a prosthesis is fitted the greater likelihood it will continue to 
be used.

Prognosis: Children adapt in amazing ways to accomplish-
ing mobility and dexterity with whatever limbs they possess.

Fig. 1.1h.1 Transverse deficiency. A 3-year-old male (at left) has phalangeal terminal transverse meromelia of left upper limb, and his 7-year-old brother has carpal 
terminal transverse meromelia of right upper limb. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)

Fig. 1.1h.2 Bilateral metatarsal terminal transverse deficiency in a newborn infant without evidence of amniotic bands.

Fig. 1.1h.3 Phalangeal terminal transverse deficiency in an infant with cranial 
lobation, facial clefting and other evidence of amniotic bands.
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1.2 sYNOsTOsis

Osseous connection between bones that are normally sepa-
rate in postnatal life arises primarily from the failure of com-
plete segmentation of the cartilaginous template on which 
the osseous skeleton of the limb is patterned, and from the 
failure of mesodermal structures or body clefts to intervene 
between cartilaginous plates developing in parallel (ray for-
mation). The former results in synostoses involving bones 
normally separated by joint space (e.g., humeroradial synosto-
sis, carpal-carpal coalition); the latter results in synostoses of 
bones of different rays in the middle or distal segments of the 
limbs (e.g., radioulnar synostosis, syndactyly) or synostosis of 
bones of different limbs (e.g., symmelia).

Synostoses involving long bones normally separated by a joint 
space are identified simply by naming the components of the com-
pound bones (e.g., radioulnar synostosis). A  variety of different 
terms have been used to identify synostoses involving other bones.

Syndactyly (osseous): synostoses of phalanges of different 
digits resulting from failure of development of interdigital 
soft tissues and spaces
Symphalangism: synostosis of phalanges of the 
same digit resulting from failure of development of 
interphalangeal joints

Coalition: synostosis of carpals or tarsals resulting from 
failure of intercarpal or intertarsal joints to develop

Symmelia: synostoses of bones of the two members of 
paired limbs resulting from failure of limb anlage to be 
separated into paired structures.

In hands and feet with polydactyly, osseous connections 
often persist between metacarpals, metatarsals, and phalanges 
when the anomalous partition into rays is incomplete (Entries 
2.1a, 2.1b). Similarly, bony connections may be found in the cen-
tral limb of a conjoined twin (Entry 35.8). Fusion of previously 
separate bones can occur following trauma or inflammatory dis-
eases of the bones and joints. Such postnatally acquired synos-
totic phenomena will not be considered further in this section. 
Synostoses involving cranial bones are discussed in Entry 5.1.

Three clinical features (joint stiffness, absence of dermal 
creases, and shortening of segments involved) predominate 
when synostosis affects bones of the limbs. Movement between 
involved bones is absent or limited. Usually synostosis of long 
bones and phalanges occurs with the bones in extension or 
with only a minor degree of flexion. An exception is humero-
radial synostosis, in which the elbow may be fixed at 90° or 
greater flexion.1 Absence of movement causes absence of flex-
ion and extension creases over the junction of involved bones. 
The formation of creases over joints depends on movement at 
the joint stretching soft tissues over the extensor surface and 
compressing tissues over the flexor surface. Flexion creases 
on the palmar side of the digits are well formed by week eight 
postovulation, indicating that faulty partition of phalanges 
must predate this time if the creases are absent.2 Shortening 
of the limb segments or subsegments involved in a synostosis 
occurs but is quite variable.

In the presence of the above-mentioned clinical features 
suggesting synostosis, radiographs must be obtained to docu-
ment the skeletal changes. Osseous continuity between bones 
may be evident on X-rays taken at birth or may become evi-
dent as bony maturation progresses. Humeroradial synosto-
sis and fifth finger symphalangism are often radiographically 
obvious at birth. Most transarthric synostoses, however, can-
not be demonstrated at birth. The cartilaginous template, 
though, will be abnormal, showing underdevelopment or 
absence of the articular interzone in which the intervening 
joint normally forms. This may be reflected in a decrease in 
measurement between the ossified portions of the two bones 
involved. The age at which osseous continuity between affected 
bones can be demonstrated radiographically varies widely, but 
it may be as late as the age of normal epiphyseal fusion in the 
involved bones.

Synostoses between different digits (syndactyly) and 
between bones of different limbs (symmelia) always entail 
obvious malformations of the affected parts. In these cases, 
synostosis is demonstrable at birth and does not progress.

In the absence of joint stiffness or other clinical signs 
suggesting synostosis, synostosis may be found incidentally 
when radiographs are taken for unrelated reasons. Isolated 
carpal-carpal, tarsal-tarsal, metacarpal-metacarpal, and 
metatarsal-metatarsal synostoses are often asymptomatic. 
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Although synostoses often occur simultaneously in different 
limb segments, only rarely do they cross major limb segments. 
In the upper limb, metacarpophalangeal, carpometacar-
pal, radiocarpal, ulnocarpal, and humeroradial synostoses 
are distinctly rare. An analogous situation holds true for the 
lower limb.

Synostosis of bones normally separated by a joint space 
arises because of failure of joint development. The cartilagi-
nous template for the skeleton of the limb begins at five to six 
weeks postovulation.3,4 Segments of the cartilage anlage will 
become individual long bones. In the absence of molecular 
signals involved in joint specification the usual limits of ossifi-
cation are not confined, and union takes place. The dynamics 
of the processes can be seen most clearly in cases of proximal 
symphalangism, which can be observed through serial radio-
graphs.2,5 Here the proximal and middle phalanges appear 
radiographically separate at birth. The epiphyses appear nor-
mally, but the epiphysis of the middle phalanx expands at the 
expense of the joint space and becomes united with the distal 
end of the proximal phalanx. Radiographic continuity between 
the bones is completed as the epiphysis fuses with the proxi-
mal end of the middle phalanx, usually at the normal time. The 
same process presumably applies in cases of synostoses involv-
ing the long bones and those across metacarpophalangeal or 
metatarsophalangeal joints. Coalition of carpals and tarsals is 
permitted when the network of joint spaces that partition the 
carpus and hindfoot fails to develop completely.

Mesodermal tissues and interdigital spaces may fail to 
separate longitudinal rays that normally develop in the middle 
and distal segments of the limb.6-8 The same process is respon-
sible for the formation of symmelia of the lower limb.9

The cause of most synostoses is presumed to be failure of 
the molecular signals that specify joint spaces to separate the 
limb skeleton into segments and rays. In many cases, isolated 
synostoses and synostoses associated with other anomalies are 
inherited.

Limb synostoses associated with craniosynostoses were the 
first to be linked to mutations in specific genes. Mutations in 
fibroblast growth factor receptor 1 (FGFR1) are responsible for a 
minority of cases of Pfeiffer syndrome, and mutations in FGFR2 
cause Apert syndrome, Jackson-Weiss syndrome, and most cases 
of Pfeiffer syndrome.10 FGFR2 mutations also cause Crouzon syn-
drome, which uncommonly has carpal fusion as a limb finding.

In the absence of craniosynostosis, few genes have been 
associated with synostosis. The bone morphogenic pro-
tein antagonist NOG plays a key role in joint formation.11-14 
Mutations have been found in proximal symphalangism 
(including Fuhrmann carpal-tarsal coalition-symphalangism) 
and in multiple synostoses syndrome. It can be anticipated that 
other carpal and tarsal coalitions and symphalangism may be 
found to be allelic. Disruptions of FBLN1 and mutations in 
HOXD13 have been found in synpolydactyly, mutations in 
HOXA11 have been demonstrated in radioulnar synostosis 
associated with thrombocytopenia, and mutations in other 
genes involved in limb development (POR2, DTDST, FLNA) 
have been associated with synostosis with or without other 

skeletal anomalies.15-22 Other sporadic synostoses of unknown 
origin or of environmental origin are recognized and have no 
appreciable recurrence risks.23-24

McCredie suggests that the primary abnormality in syn-
ostosis is not intrinsic to the bone or cartilage but rather is 
caused by impaired sensory nerves, which fail to correctly 
organize the mesenchymal template on which cartilage and 
bone will form.25 In only a single known circumstance does 
congenital synostosis represent fusion of separately formed 
bones into a compound bone. This is the case of distal syn-
dactyly caused by amniotic band constriction (Fig. 1.2.1). 
Through some combination of pressure, hemorrhage, and 
vascular deprivation, soft tissues of the digits may degener-
ate, bringing previously formed phalanges (cartilaginous or 
osseous) into contact, where fusion may occur. This disrup-
tive process may take place at any time after differentiation of 
the digits.
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Fig. 1.2.1 Distal syndactyly associated with amniotic bands.
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1 . 2 A  C A R PA L  C O A L I T I O N  A N D  TA R S A L  C O A L I T I O N

Definition: The existence of osseous connection between carpal or tarsal bones that are normally separate in postnatal life.

ICD9/ICD10: 755.59/Q74.0 Syndrome Associations (Appendix)
Cenani-Lenz (LRP4)
Frontometaphyseal dysplasia (FLNA)
Fuhrmann (WNT7A)
Hand-Foot-Genital (HOXA13)
Holt-Oram (TBX5)
Jackson-Weiss (FGFR2)
Multiple synostoses (NOG, GDF5, FGF9)
Nievergelt
Otopalatodigital (FLNA)
Pfeiffer (FGFR2, FGFR1)
Steel (COL27A1)
Waardenburg IV (EDNRB)
Prenatal thalidomide exposure

Birth prevalence: 1/1,000

Associated anomalies: other skeletal, cardiac

Laboratory studies: mutational analysis

Prenatal diagnosis: none

Cause: usually Mendelian, rarely environmental

The failure of articular interzones and joint cavities to par-
tition the wrist and hindfoot completely into the usual car-
pal and tarsal domains produces a wide variety of carpal 
and tarsal coalitions.1-9 Most frequently, only two carpals or 
two tarsals are involved, other carpals or tarsals being nor-
mally separated by intervening joint spaces. Massive coali-
tion does occur, however, and can involve nearly all of the 
carpals and tarsals.10,11 Not uncommonly, the bones excluded 
from the coalition have irregular shapes. Carpal and tarsal 
coalitions occur as isolated phenomena, in association with 
synostoses elsewhere, and with other skeletal and nonskeletal 
features.12-15

Carpal-carpal coalition and tarsal-tarsal coalition may 
involve any adjacent bones (Figs. 1.2a.1, 1.2a.2, 1.2a.3, ). In the 
wrist, lunate-triquetrum coalition is most common, occurring 
in under 1 percent of most populations. The incidence among 
West African populations was found to be tenfold higher. In 

the foot, calcaneonavicular and talocalcaneal coalitions are 
most common (Fig. 1.2a.3).

Simple carpal-carpal and tarsal-tarsal coalitions may be 
entirely asymptomatic. Multiple carpal-carpal coalitions usu-
ally do not impair wrist function, although the wrists may 
be deviated. Tarsal-tarsal coalitions produce greater mor-
phological and functional changes. The feet may be flat, have 
equinovarus angulation, and have limited foot movement, 
particularly inversion and eversion. Painful ambulation is not 
uncommon.

The ossification centers of bones involved in carpal-carpal 
or tarsal-tarsal coalition appear separately and at the normal 
age. Absence of an intervening joint space becomes obvious 
as the ossification centers enlarge and coalesce. Coalition of 
the cartilaginous templates of cartilage and tarsal bones has 
been demonstrated in embryos and fetuses via histological 
techniques.1
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Nearly all carpal and tarsal coalitions have heritable 
bases.11-19 Thalidomide exposure is a historically important 
environmental cause of carpal and tarsal coalitions. Trauma 
and inflammatory processes may lead to fusions of carpals and 
tarsals across previously normal joint spaces.

Treatment: In most cases, carpal-carpal coalitions do not 
impair wrist function and require no treatment.7 In the minor-
ity that have persistent pain, arthrodesis with postoperative 
immobilization followed by wrist rehabilitation has been ben-
eficial.20 Khoshbin et  al. have reported favorable results for 
resection of calcaneonavicular and talocalcaneal coalitions, 
even in cases with large areas of union.21

Prognosis: A generally favorable prognosis may be expected 
with carpal-carpal coalitions, and surgical intervention is 
rarely necessary. Tarsal-tarsal coalitions are more commonly 
symptomatic and may benefit from surgery.
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1 . 2 B  M E TA C A R P O P H A L A N G E A L  A N D  M E TATA R S O P H A L A N G E A L  S Y N O S T O S I S

Definition: Failure of the joint to form between a metacarpal or metatarsal and the proximal phalanx of a digit.

ICD9/ICD10: none Syndrome Associations (Appendix)
Fibrodysplasia ossificans progressiva (ACVR1)Birth Prevalence: extremely rare

Associated anomalies: other synostoses

Laboratory studies: radiographs, mutation analysis

Prenatal diagnosis: none

Cause: sporadic, Mendelian (AD)

Fig. 1.2a.3 Tarsal coalescence. Talonavicular coalition (top, arrowhead), calcaneotalar coalition (left, arrowhead), and cuneiform coalition (right, arrowhead). 
(Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)



L i m b s  |  65

Only a few cases of metacarpophalangeal (MCP) synos-
tosis or metatarsophalangeal (MTP) synostosis have been 
reported. Temtamy and McKusick presumed that C. S. Lewis 
had metacarpophalangeal synostosis of the thumb, based 
on the author’s description of lifelong stiffness at the MCP 
joint.1 They described an additional case. This rare synosto-
sis apparently occurs as an isolated entity, although symphal-
angism may occur concurrently in these digits as well (Fig. 
1.2b.1). A genetic basis has not been documented except in 
fibrodysplasia ossificans progressiva, where MCP synostosis 

may occur in the thumb and MTP synostosis in the great toe.2 
Fibrodysplasia ossificans progressiva is an autosomal domi-
nant condition, although most cases are sporadic, perhaps 
representing new mutations.
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Fig 1.2b.1 Synostoses of the hands and feet in a 13-year-old girl with fibrodysplasia ossificans progressiva. Top: Carpal–carpal coalescence and carpal-metacarpal 
synostosis (arrow). Left: Tarsal–tarsal coalescence and tarsal–metatarsal synostosis. Right: Symphalangism affecting digits 1, 4, and 5 of the feet.
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1 . 2 C  P R O X I M A L  S Y M P H A L A N G I S M

(Proximal Interphalangeal Synostosis)

Definition: Failure of formation or marked hypoplasia of the proximal interphalangeal joints of digits II–V.

ICD9/ICD10: 759.89/Q70.9 Syndrome Associations (Appendix)
Apert (FGFR2)
Brachydactyly B2 (ROR2, NOG)
Diastrophic dysplasia (DTDST)
Facio-Audio-Symphalangism (NOG)
Fibrodysplasia ossificans progressiva (ACVR1)
Fuhrmann (WNT7A)
Metatropic dysplasia (TRPV4)
Multiple synostoses (NOG, GDF5, FGF9)
Pfeiffer (FGFR2, FGFR1)
Stapes ankylosis-broad thumbs/toes (NOG)

Birth prevalence: rare

Associated anomalies: other synostoses, deafness

Laboratory studies: mutational analysis, hearing testing

Prenatal diagnosis: none

Cause: usually Mendelian

In proximal symphalangism, affected digits lack flexion and 
extension creases over the affected joint and may be short-
ened.1-4 The surrounding phalanges eventually unite, as 
shown radiographically, and are fixed in extension or a mild 
degree of flexion (Fig.1.2c.1). Movement of the MCP joint 
and the distal interphalangeal (DIP) joint occurs normally, 
but metatarsal-phalangeal movement may be restricted. The 
fifth finger appears to be involved most consistently and 
with greatest severity. The thumbs and great toes are not 
affected. Involvement is clinically obvious from birth. The 

toes are less commonly affected. Fusion of the middle and 
distal phalanges of the toes occurs more commonly than 
proximal symphalangism. The condition has been identified 
among various ethnic groups. Males and females show simi-
lar expression.

Foot involvement, which occurs in almost all persons with 
proximal symphalangism, causes greater difficulty than does 
hand involvement. The feet are flat and have limited move-
ment because of coexisting tarsal coalitions and metatarsal 
synostoses.5 Pressure points arise over bony prominences of 
the medial and lateral midfoot. Gait disturbance and foot pain 
are not uncommon.

Synostoses of bones other than the phalanges occur con-
currently in proximal symphalangism. Carpal bones may 
have unusual configurations, and carpal-carpal coalitions 
are common. The first metacarpal may be short, with blunt-
ing of the distal aspect. Some patients have shortening of 
the distal radius. Talonavicular coalition occurs in most 
patients. Other tarsal-tarsal fusions and tarsal-metatarsal and 
metatarsal-phalangeal synostoses occur as well.

Conductive hearing loss is a common feature in proximal 
symphalangism, having its onset during the first couple of 
years of life. Hearing loss is variable and is due to synostosis of 
the stapes and petrous bone.

Serial radiographs show that the epiphyses of the middle 
phalanges appear at the normal time. The epiphyses expand at 
the expense of the joint space and unite with the proximal pha-
langes. Fusion of the epiphysis and its phalanx during adoles-
cence completes the osseous union of the two phalanges. These 
stages of osseous union may not be obvious in digit V, where 
the proximal and middle phalanges appear to unite directly 
without an intervening epiphysis. The medullary canal of the 
compound phalanx of digit V may appear continuous, and 
the diaphysis may be remodeled to resemble a single phalanx. 
A vestige of the joint may persist in synostoses involving digits 
II–IV, appearing as a localized widening of the diaphysis, with 
cortical thinning in the distal half of the compound phalanx. 

Fig. 1.2c.1 Proximal symphalangism in a 5-year-old girl. Although symphalangism 
affects digits II–V, the process appears more complete in digit V at this age. Eight 
other family members were affected with this autosomal dominant anomaly.
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In some instances, bony bridging between two phalanges never 
occurs, but joint movement is nevertheless restricted.

Isolated proximal symphalangism is an autosomal domi-
nant condition.1,2,4-6 The extensive pedigree published by 
Cushing and updated by Strasburger et  al. includes 351 
affected persons in 10 generations.1,3 Mutations in NOG have 
been demonstrated in a number of families.7-9 Fuhrmann 
carpal-tarsal coalition symphalangism and multiple synosto-
ses syndrome are caused by NOG mutations as well, and hence 
are allelic synostosis entities. No cases with prenatal environ-
mental causation are recognized.

Treatment: Although children learn to function well with 
stiff fingers, dorsal capsulotomy with release of the dorsal 
half of the collateral ligaments has improved mobility of the 
affected joints.10

Prognosis: Height, weight, and intelligence are normal. The 
stiff fingers do not often significantly impair daily activities.

REFERENCES

 1. Cushing H: Hereditary ankylosis of the proximal interphalangeal joints. 
Genetics 1:90, 1916.

 2. Strasburger AK, Hawkins MR, Eldridge R, et al.: Symphalangism: genetic 
and clinical aspects. Bull Johns Hopkins Hosp 117:108, 1965.

 3. Steinberg AG, Reynolds EL:  Further data on symphalangism. J Hered 
39:23, 1948.

 4. Temtamy S, McKusick V:  The genetics of hand malformations. Birth 
Defects Orig Artic Ser XIV(3):301, 495, 502, 1978.

 5. Inman OL: Four generations of symphalagism. J Hered 15:329, 1924.
 6. Plett SK, Berdon WE, Cowles RA, et al.: Cushing proximal symphalan-

gism and the NOG and GDF5 genes. Pediatr Radiol 38:209, 2008.
 7. Thomeer HGXM, Admiraal RJC, Hoefsloot L, et al.: Proximal symphal-

angism, hyperopia, conductive hearing impairment, and the NOG gene: 2 
new mutations. Otol Neurotol 32:632, 2011.

 8. van den Ende JJ, Mattelaer P, Declau F, et al.: The facio-audio-symphalangism 
syndrome in a four generation family with a nonsense mutation in the 
NOG-gene. Clin Dysmorphol 14:73, 2005.

 9. Potti TA, Petty EM, Lesperance MM: A comprehensive review of reported 
heritable-Noggin-associated syndromes and proposed clinical utility 
of one broadly inclusive diagnostic term:  NOG-related-symphalangism 
spectrum disorder (NOG-SSD). Hum Mutat 32:877, 2011.

 10. Baek GH, Lee HJ: Classification and surgical treatment of symphalangism 
in interphalangeal joints of the hand. Clin Orthop Surg 4:58, 2012.

1 . 2 D  D I S TA L  S Y M P H A L A N G I S M

(Distal Interphalangeal Synostosis)

Definition: Absence or hypoplasia of the joints between the middle and distal phalanges of digits II–V.

ICD9/ICD10: 759.89/Q70.9 Syndrome Associations (Appendix)
Brachydactyly A-1 (IHH)
Brachydactyly B (ROR2, NOG)
Fibrodysplasia ossificans progressiva (ACVR1)
Fuhrmann (WNT7A)
Pfeiffer (FGFR2, FGFR1)

Birth prevalence: rare

Associated anomalies: other skeletal

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: Mendelian (AD)

Although few cases of distal symphalangism have been 
described, it appears to be a distinct entity.1-3 The middle and 
distal phalanx are involved, and the middle phalanx is usu-
ally short. Fingers II and V are involved most commonly, but 
considerable variability is found (Fig. 1.2d.1).4 The DIP joints 
are stiff from birth, although osseous continuity may not be 
demonstrable radiographically until the age of epiphyseal clo-
sure.5 Toes are also affected in distal symphalangism, but it 
may involve any of the phalanges. Synostosis elsewhere is not 
reported.

Distal symphalangism is inherited as an autosomal domi-
nant condition and as a component of several syndromes with 
other skeletal manifestations.1,2,4-6 The pathogenesis is consid-
ered to be the same as in proximal symphalangism, that is, fail-
ure of development of the DIP joint. No therapy is known to 
impede the osseous fusion of the middle and distal phalanges 
or to improve movement at the DIP joint.
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1 . 2 E  H U M E R O R A D I A L  S Y N O S T O S I S

Definition: Failure of joint formation between the humerus and radius or fusion of the two long bones after normal separation.

ICD9/ICD10: 755.59/Q74.0 Syndrome Associations (Appendix)
Alopecia-contractures-intellectual disability
Alsing coloboma-fibular hypoplasia
Antley-Bixler (FGFR2)
Femoral-facial
Femur-fibula-ulna complex
Fuhrmann (NOG)
Multiple synostosis (NOG)
Pasma elbow contractures
Pfeiffer (FGFR2, FGFR1)
Proximal symphalangism (NOG)
SC phocomelia (ESCO2)
Prenatal thalidomide, fluconazole exposure

Birth prevalence: very rare, <1/100,000

Associated anomalies: usually skeletal

Laboratory studies: radiographs, mutational analysis

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian, environmental

The appearance of humeroradial synostosis is variable, 
depending on the degree of flexion at the elbow (Fig. 1.2e.1).1-3 
Synostosis in extension causes a short and rigid limb with little 
demarcation of the arm and forearm. The ulna may be involved 
in the synostosis or may remain as a separate hypoplastic bone. 
Synostosis also occurs in various degrees of flexion. In these 
cases the head of the radius may appear united with the side of 
the distal humerus.

A large number of skeletal and nonskeletal findings have 
been noted in association with humeroradial synostosis.1,3-8 
It also occurs as an isolated entity. Hunter et  al. found that 
sporadic cases were more likely to be unilateral (65 percent), 
to be accompanied by ulnar hypoplasia (62  percent), and to 
entail hand anomalies including oligodactyly (77  percent).3 
Dominantly transmitted cases were bilateral and often included 
hand anomalies without oligodactyly. Recessively transmitted 
humeroradial synostosis was usually bilateral (91  percent) 
and did not include hand malformations, but there was an 
increased incidence of anomalies elsewhere.

Humeroradial synostosis is typically associated with 
Antley-Bixler syndrome, an autosomal recessive condition 
with craniosynostosis, brachycephaly, proptosis, midface 
retraction, small ears, choanal stenosis, femoral and ulnar 
bowing, multiple joint contractures, connatal fractures, and 
advanced bone age.4,5 Cardiac and genitourinary malforma-
tions also occur in some cases. Prenatal fluconazole exposure 
appears to mimic Antley-Bixler syndrome.

Thalidomide was an important cause of humeroradial 
synostosis in the 1950s and 1960s. Humeroradial synostosis 
has also been attributed to faulty fetal position, but it appears 
unlikely that pressure alone could cause fusion across a joint 

space that was normally formed. Although humeroradial syn-
ostosis likely represents a segmentation defect dating from the 
embryonic period, it is possible that in some cases cartilagi-
nous segmentation occurs normally but is followed by oblit-
eration of the humeroradial joint space.

Treatment: Osteotomy may improve hand position for better 
function, but other approaches (synostosis excision and elbow 
arthroplasty) have met with limited success.

Prognosis: Failure of a functional elbow impairs upper limb 
range of motion and manual dexterity.
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1 . 2 F  R A D I O U L N A R  S Y N O S T O S I S

Definition: Failure of complete longitudinal separation of the cartilaginous bars of the embryonic radius and ulna or fusion 
after separation.

ICD9/ICD10: 755.53/Q74.0 Syndrome Associations (Appendix)
Antley-Bixler (FGFR2)
Apert (FGFR2)
Cenani-Lenz (LRP4)
Cohen (COH)
Giuffrè-Tsukahara
Lethal multiple pterygia (NOG)
Nager acrofacial (SF3B4)
Nievergelt
Pfeiffer (FGFR2, FGFR1)
SC phocomelia (ESCO2)
Thrombocytopenia-radioulnar synostosis (HOXA11)
X-linked radioulnar synostosis
Sex chromosome aneuploidy
Prenatal alcohol, thalidomide, isotretinoin, fluconazole, 
methimazole exposure

Birth prevalence: uncertain, but rare

Associated anomalies: other skeletal, predominantly

Laboratory studies: mutational analysis, genomic 
microarray

Prenatal diagnosis: possibly by ultrasonography, but 
unlikely

Cause: usually Mendelian or chromosomal, 
rarely environmental or genomic microdeletions/
microduplications

Fig 1.2e.1 Humeroradial synostosis in a 33-month-old boy. Each upper limb terminates in two digits, with one appearing thumb-like. Radiograph shows 
humeroradial synostosis with hypoplastic ulna.
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The usual site of radioulnar synostosis is the proximal radio-
ulnar joint. Bony connection between the two bones extends 
distally for variable distances, usually not beyond the proxi-
mal one-third of the bone (Fig. 1.2f.1).1-4 Only in exceptional 
cases are the radius and ulna united along their entire lengths.5 
Radioulnar synostosis may be suspected clinically from limita-
tion of forearm supination and pronation. Longitudinal bone 
growth is not notably impaired.

Different variants of radioulnar synostosis are distin-
guished by the location and extent of synostosis and whether 
the radial head is normally placed, dislocated, or malformed.3,6 
These distinctions do not appear important in determining 
causation or pathogenesis. Males are more commonly affected, 
even in the familial autosomal dominant variety. Bilateral 
involvement is more common than unilateral involvement.

This most common form of long bone synostosis may be 
seen as an isolated autosomal dominant anomaly, as an iso-
lated sporadic defect, or as a component of a number of syn-
dromes.7-12 A  particular association has been noted with sex 
chromosomal aberrations in males.13,14 Prenatal exposure 
to thalidomide, isotretinoin, fluconazole, methimazole, and 
alcohol have been associated with radioulnar synostosis.15,16 
Postnatally, trauma is a recognized cause.

Treatment: The advisability of surgery is questioned by some 
in light of the compensatory movement that can be achieved 
by the shoulder and wrist. Derotational osteotomy is generally 
advised for patients with the forearm fixed in pronation greater 
than 60 degrees.17,18

Prognosis: Most patients appear to function well without surgery.
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Fig. 1.2f.1 Radioulnar synostosis. Proximal synostosis in a 4-year-old male (left) and near complete synostosis in an adult with intellectual disability and congenital 
hip dysplasia (right). Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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1 . 2 G  T I B I O F I B U L A R  S Y N O S T O S I S

Definition: Failure of complete longitudinal separation of the cartilaginous bones of the embryonic tibia and fibula or fusion 
after separation.

ICD9/ICD10: 755.63/Q74.2 Syndrome Associations (Appendix)
Prenatal thalidomide exposureBirth prevalence: <1/100,000

Associated anomalies: other synostoses

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: sporadic, environmental

Both proximal and distal synostoses of the tibia and fibula 
have been reported.1,2 Involvement may be unilateral or bilat-
eral and is confined to a small segment near the ends of the 
bones. Proximal tibiofibular synostosis is associated with genu 
valgum.

Tibiofibular synostosis has occurred as an isolated sporadic 
condition. It was also noted commonly following prenatal thalid-
omide exposure. McCredie found tibiofibular synostosis in 20 of 

59 (34 percent) children malformed by thalidomide.3 Synostoses 
involving other bones were common among these children.
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1 . 2 H  S I R E N O M E L I A

(Mermaid Syndrome, Sirenomelia Sequence, Symmelia, Siren)

Definition: Failure of the lower limbs to form separately but rather as a single midline limb.

ICD9/ICD10: 759.89/Q87.2 Syndrome Associations (Appendix)
Maternal diabetesBirth prevalence: 1/25,000–1/50,000

Associated anomalies: abnormal abdominal 
vasculature, renal agenesis/dysgenesis with related 
pulmonary hypoplasia and Potter facies, imperforate 
anus, absent external genitalia

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography may be 
complicated by oligohydramnios

Cause: sporadic

This lower limb malformation is readily apparent at birth and 
usually is accompanied by Potter facies and spade-like hands. 
In the most extreme form, the lower limb is represented by a 
cordlike midline appendage devoid of bone. More commonly 
there is a single proximal bone, one or two shank bones and 
variable foot formation (Fig. 1.2h.1). Two very mild forms 
have been noted. In one, the bony components of both lower 
limbs are present, but joined by a web extending from the pel-
vis to the feet. In the other mild form, the lower limbs are sepa-
rate but contracted and the perineum lacks genital structures 
or anus.

The diagnosis in sirenomelia is rarely in doubt because 
of the central placement of the lower limb and the consistent 
co-occurrence of other anomalies. Unilateral limb agenesis or 
a proximal amputation results in a single lower limb, but the 
remaining limb is clearly lateralized in these cases.

In virtually all instances, sirenomelia is accompanied by 
a distinctive vascular anomaly and other major malforma-
tions.1-3 A single large umbilical artery, which arises above the 
aortic bifurcation, is typical. Below the level of origin of the 
umbilical artery, the aorta and its tributaries are diminished in 
size or absent. With rare exception, the kidneys and the urinary 



72 |  H U m a N  m a L f O R m aT i O N s  a N D  R e L aT e D  a N O m a L i e s

drainage system are absent or markedly dysplastic. The infe-
rior mesenteric artery is absent, the colon ends blindly and the 
anus is imperforate. No external genitalia are formed, although 
a nubbin of soft tissue may be present in the perineum.

The presence of other skeletal and nonskeletal anomalies 
is the rule. Cardiac defects, most commonly ventriculoseptal 
defects, occur in one-fourth of infants.1 Lung hypoplasia is 
almost constant, a consequence of oligohydramnios. The lungs 
may be abnormally lobated, and tracheoesophageal fistula and 
diaphragmatic hernia have been reported in a minority. The 
gastrointestinal system is abnormal in all cases. One-third of all 
cases have upper gastrointestinal anomalies, including Meckel 
diverticulum, agenesis of the gall bladder, and duodenal atresia. 

All cases have agenesis of the terminal colon, with imperforate 
anus.4 Renal agenesis occurs in two-thirds of cases, and the 
balance of cases has renal dysplasia. The ureters and urinary 
bladder are usually absent and when present are hypoplastic. 
Gonads can be identified, often bilaterally, in about 80 percent 
of cases. The hands appear large and spade-shaped, a configu-
ration often seen in association with oligohydramnios. Fifteen 
percent of cases have reduction malformations of the upper 
limbs, usually absent radius. Coexisting neural tube defects 
have been noted.

All cases of sirenomelia are sporadic, and no genetic fac-
tors have been implicated in the causation. Sirenomelia and 
other anomalies of caudal development have been seen in 

Fig. 1.2h.1 Sirenomelia. Three infants with sirenomelia and associated defects. One infant (top left) has termination of the lower limb in two digits. One infant (top 
right) has gastroschisis and single foot with 10 digits. One infant (bottom) has omphalocele, lumbosacral meningocele, and incompletely separated feet.
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association with maternal diabetes mellitus. Development of 
the caudal end of the embryo is disturbed such that pelvic 
structures are deficient and the lower limb forms as a single 
midline structure. Stevenson et al. attribute this to a vascular 
steal in which nutrients necessary to support caudal develop-
ment are diverted to the placenta.3,4

Male cases outnumber females with sirenomelia. An 
increased frequency has been noted among monozygotic 
twins. In most cases, only one of the twins is affected. Prenatal 
diagnosis is possible with ultrasound, but may be made dif-
ficult by oligohydramnios.5

Virtually all infants with sirenomelia are stillborn or die 
in the immediate neonatal period. This is secondary to renal 
agenesis and lung hypoplasia. The potential for survival is 
present when kidneys are formed and are not severely dys-
plastic. In the single case of survival into childhood, the sym-
melic limb was separated by surgery during the first year of 
life.6,7

Symmelia of the upper limb occurs only in conjoined twins 
when one limb is incompletely separated.8 In an analogous 
situation, incomplete twinning of the caudal portion of the 
embryo can result in an accessory symmelic limb. Twinning 
anomalies are discussed in Chapter 35.

Treatment: Only in the mildest of cases in which func-
tioning kidneys are present has surgical reconstruction been 
attempted.

Prognosis: Stillbirth or neonatal death is almost universal. 
The recurrence risk is negligible.
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1.3 CONsTRiCTiON RiNGs

Definition: Soft tissue depressions that encircle any portion of the limb.

ICD9/ICD10: 755.59, 755.69/Q79.8 Syndrome Associations (Appendix)
Limb-body wallBirth prevalence: 1/5,000–1/60,000

Associated anomalies: disruptions of cranium, face, 
abdominal wall, limbs

Laboratory studies: radiographs, examination of 
placenta and membranes

Prenatal diagnosis: ultrasonography detection of 
associated anomalies or strands of amnion

Cause: environmental (amnion rupture or tissue 
hemorrhage)

Congenital constriction rings usually affect multiple sites, 
often contain fibrous bands in their depths, and may be associ-
ated with other disruptions of the face, trunk, and limbs. They 
may be found in at least one-fourth of cases with evidence of 
amnion rupture. Nonconstricting rings may be associated with 
obesity and short-limb skeletal dysplasias.

Constriction rings are diagnosed by direct examination.1-5 
They are readily apparent at birth. Usually, the soft tissue 
depressions completely encircle the involved portion of the 
limb and vary from hair size to several centimeters in width 
(Fig. 1.3.1). Rings associated with coils of the umbilical cord 
or thick ropes of amnion and those of the proximal part of the 
limbs tend to be wider.

Constriction rings occur most commonly on the digits 
but may also involve the proximal or middle limb segments, 
neck, craniofacies, and trunk. Multiple constriction rings 
occur more commonly than single rings, and multiple limbs 
are involved more often than a single limb. Other disruptions 
and deformations are commonly found in association with 
constriction rings; some of these are caused by tissue bands 
and apparent vascular compromise, and others result from 
oligohydramnios and fetal compression following amnion 
rupture. Amputations, craniofacial clefts and lobations, skin 
defects, autotransplanted tags, body wall defects, syndactyly, 
and club foot are most common. Rarely, the ear or penis is 
involved.
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Fig. 1.3.1 A: Broad constriction ring encircling arm in a 5-year-old female. B: Amputations and constriction rings of digits secondary to amniotic bands. Note 
narrow constriction rings on left fourth finger and left third toe. C: Amputation of right leg and foot secondary to amniotic bands in a newborn infant. Amputated 
distal leg and foot were not found. D: Distal syndactyly associated with amniotic bands. This is the only circumstance in which phalanges formed separately may 
fuse into a syndactylous compound bone. E: Marked edema from obstructed venous return cause by constriction ring at the ankle in an infant with amniotic band 
disruptions. F: Encephalocele, cranial lobation, and oral clefting secondary to amniotic bands in a 2-week-old female. G: Newborn infant with cranial attachment 
to placenta, digital amputations with bands attached to fetal membranes, and left oral cleft.
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One-third of cases with amnion rupture show craniofacial 
involvement.1-4 This results primarily from the swallowing of 
strands of amnion. With continued swallowing, the fetus may 
be drawn along the amniotic tether to the placenta, to which 
the craniofacies or other body parts may adhere, and the fetus 
may twist on the tether, sustaining lacerations of the face and 
unusual lobations of the head (Fig. 1.3.1F and G).

Early amnion rupture has been associated with a variety 
of body wall defects.1,3,4,6,7 Prenatal growth impairment, major 
limb deficiencies, short umbilical cord, scoliosis, and other 
postural deformities commonly accompany the body wall 
defect. Neural tube defects, facial clefts, placentofetal adhe-
sions, and constriction rings are found in one-half of cases.

Constriction rings represent one stage in a process of 
pathologic compression of the limb. They may exist merely as 
cutaneous-soft tissue depressions, with the distal portion of 
the limb having normal size and function. If vascular impair-
ment has occurred, the segment distal to the constriction 
may be undergrown; if lymphatic and venous obstruction is 
present, the distal segment may be swollen with tissue fluid 
(Fig.  1.3.1E). Necrosis and amputation occur with further 
strangulation of blood supply.

The skin covering ring constrictions usually has normal 
microscopic appearance, although it may be thin. Underlying 
soft tissues are deficient or absent altogether. In some constric-
tion rings, there are areas of cutaneous ulcerations and fibrosis.

Abnormalities of the fetal membranes should be antici-
pated whenever constriction rings are found.1 The amnion 
may be frayed, with strands partially separated from the mem-
brane, or the amnion may be completely separated from the 
chorion. In the latter circumstance, the amnion is usually col-
lapsed about the placental attachment of the umbilical cord. 
Strands of amnion are easily demonstrated by immersion of 
the fresh placenta and membranes in a container of water.

Very few findings are likely to be confused with constric-
tion rings. In the extremely obese infant, deep skin creases may 
be seen along the limbs (Fig. 1.3.2). A related example is the 
so-called “Michelin Tire Baby” in which there may be some 
underlying muscle, adipose, or other soft tissue pathology.8 
Deep creases also may separate folds of soft tissue in limbs that 
are unusually short. This is seen particularly in achondropla-
sia, thanatophoric dysplasia, and other skeletal dysplasias with 
rhizomelic shortening (Fig. 1.3.3). In neither circumstance do 
the creases completely encircle the limb, nor are they associ-
ated with fibrous bands or evidence of vascular compromise 
to the distal part. Hypoplastic fingers and extra digits often are 
constricted at their attachment to the hand, but these rarely 
pose diagnostic difficulties. Greater diagnostic confusion 
arises when facial fissures, neural tube defects, and body wall 
defects are a part of the clinical presentation.2-4 Likewise, the 
Adams-Oliver syndrome, an autosomal dominant condition 
with scalp defects and reduction anomalies of the digits, may 
be confused with amniotic disruptions.9

Postnatally acquired constriction rings of the dig-
its, sometimes resulting in autoamputation, have been 
described as an isolated phenomenon and as a complica-
tion of a number of medical conditions. Presumably some 
underlying vascular or neurologic pathology, inflammation, 

infection, injury, and fibrosis may be contributing factors. 
Isolated constriction rings, usually but not exclusively of 
the fifth toe, may develop in childhood or adult life.10 The 
underlying pathologic basis is not known, but familial recur-
rences are well known, as is a predilection among Brazilians 
of African descent. The term ainhum is best reserved for this 
isolated and acquired phenomenon. Acquired constriction 
rings of the digits have been associated with several der-
matologic disorders, notably the mutilating palmoplantar 
keratodermas (Olmsted, Vohwinkel, Mal de Meleda, and 
deafness-associated types).11,12 Patients with sensory and 
autonomic neuropathy may develop constriction rings of 
the digits, presumably the result of soft tissue injury. Certain 
infections (leprosy, yaws, and syphilis) may also result in 
acquired constriction rings of the digits.

Fig. 1.3.2 Skin creases on thighs and forearms of healthy infant. The creases do 
not completely encircle the limbs.

Fig. 1.3.3 Deep skin creases on upper limbs of infant with thanatophoric 
dysplasia.
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The cause of constriction rings remains controversial. Most 
observers accept the view that they result from encirclement 
of the limb by strands of amnion.1,2 These strands arise from 
tears in the amniotic membrane and float freely or partially 
freely in the amniotic fluid. Various parts of the anatomy may 
become entangled in the strands, resulting in injury. Digits are 
most commonly affected. In the absence of vascular impair-
ment, the limb encircled by an amniotic band continues to 
grow normally except for the soft tissues adjacent to the band. 
The alternative position—that constriction rings are the end 
result of localized interruption of vascular flow, cell death, and 
scarring—cannot be dismissed.

All of the anomalies seen in association with constriction 
rings have been related to amnion tears or rupture. Encircling 
bands may produce limb hypoplasia, edema, and amputa-
tion, as well as syndactyly and pseudosyndactyly (Fig. 1.3.1D). 
Strands of amnion are sometimes swallowed by the fetus. If 
the swallowed band is not attached, it may pass innocuously 
through the gastrointestinal system. If the amnion is attached, 
the fetus becomes tethered and may sustain disruptions of the 
face and cranium. Clubfoot, clubhand, and lung hypoplasia 
have been related to oligohydramnios following amnion rup-
ture, and severe body wall defects have resulted from mechani-
cal forces attending early amnion rupture.3,4,6,7

The causes of amnion rupture are not certain. An associa-
tion with other pregnancy events or with maternal and fetal dis-
eases is uncommon, but trauma may play a role in some cases. 
Torpin and Ossipoff and Hall found an increased incidence 
of nonpenetrating abdominal trauma among their cases.1,2 
Although a few cases of amniotic bands have been noted in 
association with amniocentesis, the procedure does not appear 
to be a frequent cause of amnion rupture.13 Abnormalities of 
placental collagen are a plausible cause of amnion rupture, but 
such abnormalities have not been demonstrated and would 
seem unlikely because of the rarity of familial cases. This not-
withstanding, several cases of epidermolysis bullosa, osteo-
genesis imperfecta, and Ehlers-Danlos syndrome have been 
associated with amniotic bands.14-16 Donnai and Winter have 
suggested that the mutations in the human homolog of the 
mouse mutant disorganization may be responsible for some 
cases of amnion rupture.17

Numerous investigators have denied that amniotic bands 
have any causal relationship to constriction rings, amputa-
tions, and other associated anomalies.3,7,18-20 Streeter favored 
the concept that the affected areas were defective from the 
outset of embryogenesis.18 He proposed that focal areas of 
defective tissue sloughed during intrauterine life, leaving 
healed grooves and amputation stumps. Ring constrictions, 
amputations, and other limb anomalies have been produced 
in rat fetuses by artificial rupture of amnion.21,22 Houben dem-
onstrated hemorrhage into the limb, with subsequent necrosis 
and tissue resorption, to be the sequence of changes initiated 
by the amnion rupture.22 Van Allen et al. favor the concept that 
bands and constriction rings in humans arise by adherence 
of amnion to the embryo in areas of posthemorrhagic necro-
sis.7 Lockwood et al. suggested that tissue hemorrhage is the 
primary event leading to constriction rings and amputations 
and that the fibrous bands found in association with these 

defects are late reparative phenomena of little or no causal 
importance.19

Ossipoff and Hall found amniotic bands in one of every 
1,200 births in a San Francisco Hospital over a five-year 
period.2 Others have not found the incidence to be this high. 
Torpin reviewed all the cases of amniotic band disruptions 
reported between 1850 and 1967 and estimated the incidence 
to be between 1 in 5,000 and 1 in 15,000 births.1 Kalousek 
found 12 cases among 813 spontaneously aborted fetuses, for 
an incidence of 1 in 70.23 The fetuses were between 10 and 20 
weeks of gestation. The sexes appear to be equally affected.

Constriction rings and associated anomalies have low 
recurrence risk. Although several familial cases have occurred, 
these may represent coincidence.19,24

Prenatal ultrasound diagnosis has been made by find-
ing associated anomalies—usually amputations, craniofa-
cial defects, or body wall defects.25,26 Strands of tissue in the 
amniotic fluid are visible in some cases. The risk of spontane-
ous abortion appears to be increased for fetuses affected with 
amniotic bands.

Treatment: Constriction rings with normal distal structures 
can be cosmetically improved with Z-plasty, W-plasty, or cir-
cular resection.5 When lymphatic and venous obstruction is 
present, it may be relieved by surgical release of the constric-
tion ring and should be performed without delay. In cases with 
severe disruption of distal tissues, the anomalous segment may 
be amputated and the limb fitted with a prosthesis. Prenatal 
release of amniotic bands has been reported, but is attended 
frequently by premature rupture of membranes and early 
delivery.27

Prognosis: Little or no progression in severity of constriction 
rings should be anticipated following birth. In cases with com-
promised vascular supply, edema distal to the constriction ring 
may become more pronounced during early infancy. When 
vascular impairment has been sufficient to cause necrosis of 
distal tissues, the process may continue postnatally, culmi-
nating in sloughing of the necrotic tissue during the neonatal 
period. Areas of cutaneous ulceration associated with con-
striction rings heal normally following birth.
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1.4 eXCessiVe PaRTiTiONs, DUPLiCaTiONs, aND aCCessORY bONes

Definition: Excessive division of the cartilaginous template for the limb skeleton resulting in extra limbs, extra seg-
ments, extra rays, or accessory bones.

ICD9/ICD10: 755.9/Q74.9 Syndrome Associations (Appendix)
Triphalangeal Thumb
Aase
Holt-Oram (TBX5)
Townes-Brocks (SALL1)
Prenatal thalidomide, hydantoin exposure
Hyperphalangy
Brachydactyly C
Catel-Manzke
Bifurcated Femur
Gollop-Wolfgang
Split-hand/foot
Pseudoarthrosis
Neurofibromatosis (NF1)

Birth prevalence: variable–1/25,000 for triphalangeal 
thumbs to <1/100,000 for bifid femur

Associated anomalies: other skeletal

Laboratory studies: radiographs, vascular imaging

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian

Visible manifestations almost invariably accompany division 
of the limb into an excessive number of segments and rays. 
Contrary to expectation, however, extra segmentation usu-
ally results in a shortening of the major segment involved. 
Angulation at adjacent joints is the rule. Formation of extra 
rays by excessive partitioning may cause increased width of the 
segment involved.

Radiographs provide the necessary evidence to conclude 
that excessive partitioning has occurred. Virtually all excessive 
segments and rays, as well as duplications, can be identified at 
birth. The notable exceptions are partitions of carpals or tarsals, 
which do not become evident until postnatal ossification occurs.

Anomalies resulting from excessive partition of the skel-
eton make up the second most common type of limb defect. 

Only syndactyly occurs more commonly. Excessive segmenta-
tion (division perpendicular to the long axis) causes triphalan-
geal thumb, hyperphalangy, metacarpal hypersegmentation, 
and metatarsal hypersegmentation. Extra ray formation occurs 
as polydactyly or long bone duplication. The various types of 
polydactyly are discussed in Chapter 2. Additionally, more or 
less complete extra limbs occur as a part of various types of 
incomplete twinning (Chapter 35). Extra limbs possibly may 
also derive from very early disorganization of the limb anlage 
and from teratomas. In the latter two circumstances, the limb 
always resembles the lower limb and is usually located at the 
sacrum or buttocks. Perhaps such an anomaly of the upper 
limb is precluded because this would disturb essential cardio-
vascular function.
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T R I P H A L A N G E A L   T H U M B

Morphologic and functional disturbances result when the 
thumb is segmented into three rather than the usual two 
phalanges.1-3 This malformation is usually obvious clinically. 
Two more or less distinct types of triphalangeal thumb occur 
(Fig. 1.4.1, see also Chapter 2).1,4 In type I, the digit typically 
has deviation of the distal phalanx and rarely is longer than the 
normal thumb. The thumb retains functional opposition to the 
other digits but is malformed. The metacarpal has normal con-
figuration and a proximal epiphysis, and the extra phalanx is 
usually malformed and positioned between the two usual pha-
langes in the long axis of the digit. Type II triphalangeal thumb 
appears more like an index finger, is non-opposable, and may 
have distal deviation as well. The metacarpal resembles meta-
carpals II–V and has a distal epiphysis, the thenar eminence is 
underdeveloped, and the extra phalanx often has the configu-
ration of the middle phalanges of digits II–V.

Radiographs are helpful in confirming the type based on 
the location of the epiphysis of the metacarpal and the con-
figuration of the extra phalanx. In some cases of triphalangeal 
thumbs, particularly those associated with split-hand/foot 
malformation, the metacarpal has epiphyses at both ends.

Approximately 75  percent of cases of the triphalangeal 
thumbs will have associated skeletal and nonskeletal anomalies. 
Most isolated and syndromal cases are heritable. Thalidomide 
and phenytoin are the only teratogens that have been associ-
ated with triphalangeal thumbs.

The incidence of triphalangeal thumbs appears to be about 
1 in 25,000 births.2 In different surveys, triphalangeal thumb 
constitutes 0.5–3.0  percent of anomalies of the upper limb. 
Miura found opposable (type I) triphalangeal thumb to be 
more common than non-opposable (type II) triphalangeal 
thumb, both in isolated cases and in cases with associated 
polydactyly or bifid distal phalanx.3 In a review of over 350 
individuals with triphalangeal thumb, Wood found recurrence 
in the family in two-thirds of cases.4 The majority of patients 
had bilateral involvement, and the sexes were equally affected.

As indicated by the frequent concurrence of a bifid or 
duplicated distal phalanx, some cases may have arisen from 
an aborted attempt at first ray duplication, the extra phalanx 
representing an incompletely duplicated proximal phalanx 
that has assumed longitudinal alignment with the other pha-
langes. Many observers interpret the non-opposable (type 
II) triphalangeal thumb to represent duplication of the index 
finger and absence of the thumb. This interpretation is based 
on the absence of a thenar eminence, the resemblance of the 
metacarpal to metacarpals II–V, and the configuration of the 
extra phalanx similar to the middle phalanges of digits II–V.

Treatment: Surgical treatment is directed at restoring thumb 
opposition, widening of the thumb-index finger interspace, 
and elimination of the extra joint with the least mobility.4,5 
Surgery may not be indicated if the thumb can adequately 
oppose the other digits. Angulation caused by an abnormally 
shaped phalanx, inadequate thenar muscle function, and poly-
dactyly must be corrected as well. If excessive length or pro-
gressive angulation is anticipated, the extra phalanx may be 
removed and the ligaments reconstructed.

Prognosis: Use of the triphalangeal thumb is primarily 
dependent upon the degree to which opposition to the other 
digits can be achieved.

H Y P E R P H A L A N G Y

The formation of four or more phalanges in digits II–V is 
termed hyperphalangy. Digits II and III are most commonly 
affected.6-8 Typically the extra phalanx is located between the 
metacarpal and proximal phalanx of the digit and may be off-
set from the midline of the digital ray (Fig. 1.4.2). Invariably, 
the extra phalanx is malformed and short. Other phalanges of 
the digit commonly are short or malformed as well. Digits II 
and III are often affected concurrently, although either may be 
affected alone. Digit IV is rarely, if ever, affected. When the 
extra phalanx is proximal to the first phalanx, it may ultimately 
fuse with this phalanx resulting in an abnormally shaped large 
proximal phalanx.8

Because of the malformation of the phalanx, the digit often 
deviates from the longitudinal axis, usually in an ulnar direc-
tion. When the index finger is involved, there may be deviation 
at the metacarpophalangeal joint toward the radius and devia-
tion at the proximal interphalangeal joint toward the ulna. 
The affected digits may be flexed into the palm or may deviate 
across the palmar or the dorsal sides of the other digits. The 
tendons of affected digits are commonly misplaced, resulting 
in nonuse of the digit and interference with the use of other 
digits because of the deviation and overlap.

Involvement is generally bilateral, although there 
may be asymmetric involvement. Males and females are 
affected equally, except in those cases representative of the 
Catel-Manzke syndrome, which is probably an X-linked con-
dition.7,8 Only two females have been reported to have this 
condition.

Hyperphalangy is a characteristic finding in brachydactyly 
C (see Chapter 2). The excessive segmentation usually affects 

Fig. 1.4.1 Triphalangeal thumb. Opposable triphalangeal thumb in a 
32-year-old woman. (From Temtamy and McKusick, Birth Defects Orig Artic Ser 
XIV(3):277, 1978.)
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the second, third, and fifth digits, and uncommonly affects one 
or more metacarpals in this dominantly inherited entity. As 
with the other heritable brachydactylies, considerable variabil-
ity of involvement may be seen.

M E TA C A R PA L  S E G M E N TAT I O N

Segmentation of the metacarpals occurs rarely. It may be seen 
as a feature in brachydactyly C (Entry 2.3e) or as an isolated 
anomaly.9 The total length of the segments may be less than 
that of the normal metacarpal, resulting in shortening of 
the corresponding digit. Occasionally an ununited epiphysis 

appears at the proximal end of the second metacarpal, but this 
should not be interpreted as segmentation of the metacarpal.

PA RT I T I O N  O F   C A R PA L S  A N D  TA R S A L S

Two types of abnormal partition of carpals and tarsals have been 
described.10 In the first, small elements of the normal carpals 
and tarsals may calcify separately but eventually fuse to the large 
mass of the bone. These small calcified elements are considered 
by some to be accessory bones but are best considered as repre-
senting a subordinate center of ossification that will not remain 
permanently separate from the normal bone of which it is a part.

A

B

C

Fig. 1.4.2 Hyperphalangy. A. Radiograph taken in neonatal period shows extra ossification between the bases of digits II and III. Photograph at age 6 years shows 
angulation of left index finger. Right index finger has been removed because of interference with function of other digits. B. Radiograph of hands of maternal 
grandfather of child shown in A, showing malformed compound first phalanx formed by fusion of the proximal phalanx with the extra bone located at the base 
of digit II bilaterally. Right index finger is angulated similar to the grandson’s; left index finger is shortened but not angulated. C. Bilateral shortening of the index 
finger associated with segmentation of metacarpal II.
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The second type of abnormal partition divides a carpal or 
tarsal into two separate bones. A joint space separates the two 
parts, and the division is permanent. The incidence is low, well 
under 1 percent. In the wrist, partitions of the scaphoid, lunate, 
triquetrum, and trapezoid appear to be most common. In the 
foot, partitions of the medial cuneiform, calcaneus, and navic-
ular bones predominate. The possibility of the contribution of 
trauma is raised in some instances, but certainly this does not 
explain all cases of carpal and tarsal partition.

Differentiation from fractures can be difficult. A  history 
of trauma and pain may be as important as the radiographic 
appearance in this differentiation. In some cases, the diagnosis 
can be resolved only with sequential radiographs to demonstrate 
the presence or absence of changes of a healing fracture. No 
treatment is usually necessary for partitioned carpals or tarsals.

A C C E S S O RY   B O N E S

The occurrence of accessory bones in the hindfoot is common-
place.9-11 Occurrence in the wrist is less common, and in the 
proximal and middle segments of the limb it is rare. Some of 
the more commonly seen accessory bones are termed sesamoid 
bones. These are osseous elements that develop within tendons 
and occur in most persons. They may have an articular surface 
that relates to an adjacent bone or joint.

The nonsesamoid accessory bones are well-defined sepa-
rate bones occurring in addition to the normal 120 bones of the 
limbs. They are inconstant and do not relate to any prior patho-
logic condition. Cartilaginous templates for accessory bones 
have been found in human embryos and fetuses. In some cases 
accessory bones appear to be a separately ossified portion of 

one of the normal bones of the limb, as is the case in Larsen and 
Otopalatodigital syndromes. Eventual osseous union between 
the separately ossified portions will take place in many of these 
bones. These cases should be considered bipartition of bones or 
ossification centers rather than accessory ossicles. In contrast, 
true accessory bones do not appear to be an element of one of 
the constant limb bones and remain separate from them. The 
locations of accessory bones, including the sesamoid bones of 
the hands and foot, are shown in Figure 1.4.3.

Accessory bones rarely cause symptoms. Pain in the foot 
has been attributed to accessory bones. This may be spontane-
ous or may follow minor trauma. Radiographs are necessary to 
demonstrate accessory bones. Multiple views may be required 
because of the overlapping images of the bones of the hands 
and feet.

Shands and Wentz found that 26 percent of children 8 years 
of age and older had accessory bones in the feet.11 An incidence 
in this range has been found by most investigators, although 
incidence figures as high as 75  percent have been reported.2 
The incidence of accessory bones in the hand appears to be 
much lower, perhaps in the 0.5–1.5 percent range. Accessory 
bones may be bilateral or unilateral. The occurrence of acces-
sory bones within families has been described.12

Accessory bones of the hands and feet rarely require any 
form of treatment. Their presence and location are important 
in radiological interpretation when fractures are suspected. In 
the foot, an accessory navicular or prehallux may cause dis-
comfort, and surgical removal is sometimes necessary. The os 
trigonum on the posterior talus may fail to unite, or, if united, 
it may fracture and produce symptoms. If pain persists, surgi-
cal excision may be necessary.

Fig. 1.4.3 Schematics showing location of sesamoid bones and accessory bones of the wrist and hindfoot. Left: Sesamoid bones are located on the palmar (solid 
circles) side of the metacarpals and phalanges. The accessory bones of the wrist may be palmar (solid circles) or dorsal (open circles). Right: Sesamoid bones of 
feet (solid circles) are located on the plantar side of the phalanges or metatarsals. Accessory bones of the hindfoot and midfoot are shown in hatched circles.
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B I F U R C AT I O N  O F   H U M E R U S  O R   F E M U R

Complete segmentation or duplication of the humerus has not 
been reported. Duplication of the femur and distal bifurcation of 
each bone have been described, but these are extremely rare mal-
formations (Fig. 1.4.4).13-16 Kozlowski et al. reported half-sibs with 
bilateral bifurcation of the distal humerus.15 The infants also had 
coronal clefts of the vertebrae, proximal dislocation of the ulna, 
shortening of the long bones of the lower limbs, clubfeet, and car-
diac defects. Gollop and Coates reported an infant with upper limb 
anomalies, including oligodactyly and union of the long bones 
into a single bone with a bifurcation at midshaft.14 These authors 
initially interpreted the long bone anomaly as representing bifur-
cation of the distal humerus but acknowledged that it might be a 
compound bone made up of humerus, radius, and ulna.

Cornah and Dangerfield reported an infant with nearly 
complete duplication of the femur and absence of the tibia 
involving the right lower limb, and Weiner et al. reported fibu-
lar duplication with ipsilateral absence of the fibula.17,18 A sin-
gle case with duplication of most of the bones of one lower 
limb has also been reported.19

Unilateral bifurcation of the distal femur has been noted in 
several families.16,20,21 Usually the anomaly occurs as a part of a 
dominantly inherited form of split-hand/foot malformation.20 
The expression is extremely variable but may include tibial 
aplasia, ulnar hypoplasia, hallux hypoplasia, patellar aplasia, 
and transverse limb reduction.

Treatment of bifurcation of the femur is largely dependent 
on the status of the limb distal to the bifurcation. If the dis-
tal portion of the limb is rudimentary and nonfunctional it 
should be amputated, and prosthetic restoration can then be 
accomplished by fitting the patient with a knee disarticulation 
prosthesis. Flaring of the distal portion of the stump provides 
a good opportunity for suspension of the prosthesis. If the 
limb below the knee is functional, alignment of the patella and 
reconstruction of the lateral ligaments are required to accom-
plish joint stability.

D U P L I C AT I O N  O F   T H E  L O W E R   L I M B S

A number of cases of partial or complete duplication of the 
lower limb have been described.21-28 These infants usually have 
three lower limbs, but as many as five have been reported 
(Fig. 1.4.5). There appears to be a predilection for attachment 
of the extra limb to the sacrum or buttocks. Two limbs will have 
a normal relationship to the pelvis, and at least one of the two 
will have normal morphology and function. The aberrantly 
attached extra limb usually has abnormal morphology. Some 
extra limbs appear to have sensory or motor innervation or 
both. Attachment may be into a rudimentary pelvis or directly 
into soft tissues of the buttocks. In one case, the extra limb arose 
from a lumbosacral meningomyelocele.24 Weisselberg et al. and 
Billett and Bear reported infants with partial duplication of a leg 
and foot attached along a popliteal web of the left lower limb.21,25

        

Fig. 1.4.4 Left: Bifid right humerus noted in the skeleton of a 35- to 40-year-old man. The skeleton was excavated in Poland and dated to the 13th century. 
(Reprinted with permission from Mann et al., Teratology 45:134, 1993) Middle: bifid humerus in an infant with bilateral upper limb reductions and oligodactyly. 
This malformation probably represents synostosis of the humerus and radius with absence of the ulna. (Reprinted with permission from Gollop and Coates.14) 
Right: unilateral bifurcation of the femur in a male infant with tridactylous ectrodactyly of one upper limb and monodactyly and absent tibias of both legs. A sib 
and possibly a great-aunt were similarly affected. (Reprinted with permission from Gollop et al., Am J Med Genet 7:319, 1980)
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Infants with extra lower limbs usually have additional 
anomalies. Neural tube defects, partial duplications of the 
lower genitourinary and gastrointestinal structures, and ipsi-
lateral renal agenesis have been noted.

The etiology of lower limb duplications is not known, nor is 
the pathogenesis understood. Recurrence within a family has 
not been noted. Donnai and Winter have pointed out the simi-
larity of these anomalies to those seen in the mouse mutant 
disorganization (Ds).29 Some cases likely represent instances of 
incomplete twinning. The case of Stevenson et al. appears to 
represent amputation of the distal part of one leg, with reat-
tachment of the severed part onto the buttocks.30

It is necessary to evaluate the attachment site of the acces-
sory limb carefully in preparation for surgical removal. This 
protects the surgeon against inadvertant entry into other organ 
systems that may be involved in the malformation.

P S E U D O A RT H R O S I S

Failure of union following fracture of the long bones is called 
pseudoarthrosis (Fig. 1.4.6). The nonunion persists for a period 
of time well beyond that required for normal healing and is 
permanent in many cases. The tibia is affected most frequently, 
but the femur, fibula, radius, ulna, and clavicle may be involved. 
No joint develops between the two parts of the affected bone.

Pseudoarthrosis may be obvious at birth, but more com-
monly it develops in infancy or early childhood. Typically the 
infant will acquire some bowing of the tibia during the first year 
of life and thereafter will experience a spontaneous fracture or a 
fracture associated with osteotomy followed by nonunion. When 
the tibia or femur is involved, the affected limb is shortened with 
bowing and is weak and unsuitable for weight bearing. Stability 
of the leg may be maintained if the fibula alone is involved.

Radiographic evidence of cysts, fibrous lesions, sclerosis, or 
irregular ossification predates the fracture and nonunion in the 

Fig. 1.4.5 Duplication of lower limbs. Left and middle: 19-week-old fetus with three lower limbs. The left leg (L1) arises normally and is of appropriate size. Limbs 
L2 and L3 arise from a conjoined parasitic twin. Dissection demonstrated duplication of the gonads, distal gut, and external genitalia. Note also omphalocele (O). 
(Courtesy of Dr. Will Blackburn, Fairhope, AL.) Right: Extra lower limb arising from a perineal teratoma. (Courtesy of Janice Edwards, University of South Carolina 
School of Medicine, Columbia.)

Fig. 1.4.6 Pseudoarthrosis of the tibia associated with neurofibromatosis in 
a 6-year-old girl. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, 
Wilmington, DE.)
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majority of cases. Neurofibromatosis type 1 is the most common 
condition predisposing to pseudoarthrosis. In the series reported 
by Andersen, three-fourths of cases had neurofibromatosis type 
1.31 Biopsy from the area of nonunion may show evidence of 
neurofibromatous tissue, but this finding is uncommon.

No single treatment for pseudoarthrosis is universally 
successful, and follow-up support of the involved bone must 
continue through skeletal maturity and beyond. The excision 
of the pseudoarthrosis with intramedullary fixation and bone 
grafting has led to a higher degree of success than other forms 
of internal fixation. Supplemental electrical stimulation is 
thought by some investigators to enhance healing. Reported 
results for microvascular transplants, usually from the fibula to 
the pseudoarthrosis site, have been encouraging.
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1.5 bOWiNG Of LONG bONes

Definition: Curvature of the long bones greater than 15° from the longitudinal axis.

ICD9/ICD10: 754.44/Q68.5 Syndrome Associations (Appendix)
Atelosteogenesis (DTDST)
Boomerang dysplasia (FLNB)
Caffey
Campomelic dysplasia (SOX9)
Dyschondrosteosis (SHOX)
Dyssegmental dysplasia (HSPG2)
Fuhrmann (WNT7A)
Heritable rickets (VDR, CYP27B1, CYP2R1, VDDR2B)
Hypophosphatasia (ALPL)
Jansen metaphyseal dysplasia (PTHR1)
Osteogenesis imperfecta (COL1A1, COL1A2, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)
Schwartz-Jampel (HSGP2)
Thanatophoric dysplasia (FGFR3)
Nutritional rickets

Birth prevalence: 1/10,000–1/20,000

Associated anomalies: other abnormalities of bones

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: Mendelian, environmental
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Bowing of the long bones may be suspected clinically in the 
presence of curvature or shortening of the proximal or middle 
segments of the limbs, dimpling of the skin and soft tissues, 
and malalignment or dislocation of joints.1-3 Substantial cur-
vature of the femur or humerus can be hidden by the greater 
muscle mass of the thigh and arm.

Cutaneous dimpling commonly occurs over the apex of 
a prenatally bowed limb, especially when the long bone is 
more acutely angulated. Microscopic examination of dimples 
has shown thinning of the epidermis, absence of subcutane-
ous soft tissues, and fusion of the dermis and periosteum.4 
Dimpling has been attributed to pressure atrophy of the soft 
tissues caused by compression between the bowed bone and 
the uterine wall (Fig. 1.5.1)2,4 Alternative considerations 
must be given to the pathogenesis of this phenomenon. With 
dermal-periosteal fusion at the apex of the curve, remodeling 
of bone would cause dimpling of the skin due to traction as 
the bone straightens. In some cases of bowed bone, a spike of 
bone crests the apex of the long bone curvature or angulation. 
In these cases, the possibility cannot be dismissed that the der-
mis produces traction on the periosteum under which new 
bone forms.

Radiographs are necessary to define the bone configura-
tion and to differentiate bowing from fractures, long bone defi-
ciencies, and other bone abnormalities. Bowing may take the 
form of a gentle arc, or the bone may be more or less distinctly 
angulated (Fig. 1.5.2). The curvature may cause secondary 
changes of the metaphysis and epiphysis of the lower limb by 
shifting weight bearing to a limited area of the articular sur-
face. Altered bone alignment also contributes to dislocation of 
adjacent joints in upper and lower limbs. Typically, the bowed 
bone has cortical thickening on the concavity of the curve and 
cortical thinning along the convexity of the curve.1 Cortical 
thickening on the inside of the curve may be adequate to oblit-
erate the medullary cavity.

Bones of the lower limbs generally are bowed more fre-
quently and to greater degree than bones of the upper limbs, 
attesting in part to the greater intrauterine folding stresses on 
the lower limbs (Fig. 1.5.3). It has been stated that the flexor 

muscles have greater strength than the extensor muscles 
during intrauterine life.4,5 This claim is hard to substantiate, 
because the compressive forces of the uterus tend to hold the 
limbs in flexion; because joint structure favors flexion; and 
because the extensor muscles, particularly those of the lower 
limbs, have little opportunity for exercise. Sonographic diag-
nosis of conditions with bowed long bones has been made in 
the mid-trimester.6-8

Bowing of the long bones is a dynamic phenomenon 
dependent on the intrinsic quality of the bone, the mechani-
cal stresses exerted on the bone, and the remodeling capacity 
of affected bones. In most cases of pathological bowing, the 
degree of curvature appears worse at birth with spontaneous 
improvement thereafter. The presence of cutaneous dimpling 
suggests, however, that bowing may have been even greater 
prenatally, sufficient to bring the periosteum and dermis into 
contact. Spontaneous improvement follows relief from the 
compressive forces of the uterus in most cases. Straightening is 
usually complete by age two years, but some degree of bowing 
may persist even into adult life.2,9 Weight bearing may main-
tain or increase the curvature of the long bones of the lower 
limbs, particularly in cases with an underlying metabolic dis-
order or intrinsic bone dysplasia.

Isolated bowing of one or more long bones can occur spo-
radically, in sibs of apparently normal parents, and in parents 
and children.1,3,9,10 Bowing of the long bones is a conspicuous 
skeletal feature of the campomelic syndromes, rickets, and 
a number of constitutional bone dysplasias.4,11-13 Postnatal 
hyperostosis along the diaphyseal cortex (Caffey disease, 
sequela of prenatal syphilis) can cause a bowed appearance in 
the tibia (Fig. 1.5.4).12 Bowing may also develop during child-
hood in association with tumors, fibrous dysplasia, hereditary 
exostoses, hypercalcemia, and osteolytic processes. Mesomelic 
bowing often occurs when one of the two long bones of the 
middle segment of a limb is absent or hypoplastic (Entry 1.1).

Two factors, the intrinsic quality of bone and mechanical 
stress, appear to be most important in the etiology of bowed 
bones. In most cases these two factors interact to cause bow-
ing. Many genetic conditions in which bowing occurs can 

Fig. 1.5.1 Cutaneous dimpling over the convexity of tibial bowing in a 
23-month-old female with campomelic dysplasia. (Courtesy of Dr. Charles 
I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)

Fig. 1.5.2 Schematics showing varying degrees of bowing of a long bone. Note 
thickening of the cortex on the concave side of the bowed bone.
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Fig. 1.5.3 Bowing of long bones. A-C: Four-limb bowing in infant with facial hemangioma, micrognathia and glossopalatine fusion. Note more severe bowing of 
lower limbs and spicule of bone at apex of bowed femurs. D & E: Irregular and angular bowing in long bones due to multiple prenatal fractures in an infant with 
Osteogenesis imperfecta. F & G: Lower limb bowing in an infant with Thanatophoric dysplasia. (A-C from Stevenson, Proc Greenwood Genet Center 1:47, 1982).
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be identified, but even in these cases prenatal and postnatal 
mechanical forces undoubtedly contribute to the altered bone 
configuration. Limited intrauterine space requires that the 
fetus be folded, and the requirement for folding becomes pro-
gressively greater as the fetus grows. The lower limbs are more 
affected by the space limitations.

The incidence of pathologic bowing of the various long 
bones is not known. Bowing occurs as part of nearly 100 enti-
ties, each of which is uncommon. Dietary rickets, at one time 
the most common cause for bowed bones, has all but disap-
peared in developed countries. A combined incidence for all 
types of osteogenesis imperfecta is about 1 case per 25,000 
births, making it the most common skeletal dysplasia that 
includes bowed bones. This is roughly twice the incidence of 
thanatophoric dysplasia and four times the incidence of cam-
pomelic dysplasia.

Treatment: Specific treatment may be necessary in the case 
of nutritional, hereditary, and renal rickets. If complete correc-
tion of the bowing is not achieved with medical management, 
surgery may be necessary. This usually requires multiple-level 
osteotomies with some form of fixation, usually intramedul-
lary. Osteotomies and realignment may be necessary in other 
conditions that include severe curvature of the bones without 
spontaneous straightening.14

Prognosis: Mild bowing of the long bones corrects spontane-
ously with the normal remodeling activity of the bones. Bowing 
may be perpetuated or accentuated by continuation of mechani-
cal stress on the bones. In infants and young children, sleep-
ing on the abdomen or sitting on the legs with the feet turned 
may perpetuate tibial bowing. Weight bearing may augment 
curvature in the presence of intrinsic bone disease or ongoing 

Fig. 1.5.4 Bowing of tibias associated with Caffey disease (infantile cortical hyperostosis) in a 2-week-old infant (A,B). Note more severe involvement of left leg. 
Mild residual bowing at 21⁄2 years in older sibling (C,D) of the infant in A and B.
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metabolic imbalance such as in rickets. Contractures and mus-
cle imbalance may further delay the straightening of long bones.

Although the long bones of the upper limbs are not affected 
by weight bearing, bowing of these bones may also worsen with 
time. This is seen especially in dyschondrosteosis and other bony 
dysplasias affecting the middle segment. Also, bowing may persist 
or increase when the collateral bone is absent. The contribution 
of muscle imbalance must be considered in these circumstances.

Several constitutional disorders of bone that include bow-
ing are lethal, with affected infants being stillborn or dying in 
the immediate neonatal period.11,15 A  general correlation of 
severity of bowing with lethality can be made.
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1.6 sHORT sTaTURe

(Dwarfism)

Definition: Length or height more than 2 standard deviations (SD) below the mean during the growth period or less than 
152 cm (5 feet) in the adult. To consider short stature a congenital anomaly, the birth length must be less than 2 SD below the 
mean. At term gestation, the mean birth length is 51 cm (20 inches), and 2 SD below the mean is 47 cm (18.5 inches).

ICD9/ICD10: 783.43/R62.52, Q87.1 Syndrome Associations (Appendix)
Bardet-Biedl (BBS1, BBS2, ARL6, BBS4, BBS5, MKKS, BBS7, 
TTC8, BBS9, BBS10,TRIM32, BBS12, CEP290, WDPCP, 
SDCCAG8)
Cerebrooculofacioskeletal
Cockayne (ERCC8)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Dubowitz
Floating-Harbor (SRCAP)
Freeman-Sheldon (MYH3)
Hypothyroidism
Johanson-Blizzard (UBR1)
MULIBREY nanism (TRIM37)
Progeria (LMNA)
Rubinstein-Taybi (CREBBP)
Russell-Silver (ICR1 11p15, Mat UPD7)
Seckel (ATR)
SHORT (PIK3R1)
Weill-Marchesani (FBN1)
Turner (45,X)

Birth prevalence: 1/40

Associated anomalies: skeletal anomalies or dysplasias, 
endocrinopathies

Laboratory studies: radiographs, hormone assay, renal 
function studies

Prenatal diagnosis: ultrasonography

Cause: normal variation, multifactorial, chromosomal, 
Mendelian (AR, AD, XL)

Stature makes an immediate visual impact, equivalent in attrac-
tion to facial features, general bulk, and hair style. Attention to stat-
ure is greatest when children are grouped by age, as in school and 

athletic settings. Anxiety about stature is particularly heightened 
during entry into school and at puberty, when short stature may be 
accompanied by the absence of secondary sexual characteristics.
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Short stature must be confirmed by actual measurement of 
the crown-heel length or standing height and comparison with 
age-specific and sex-specific standards for the population.1-5 
Prior to the age of standing, the crown-heel length is taken 
in the fully extended supine position on a firm surface. This 
measurement is particularly difficult to make precisely, espe-
cially in an uncooperative or active infant. A measuring board 
for infants and young children is helpful. Standing height is 
taken with feet together, shoes removed, and back against a 
wall-mounted measuring device with a horizontal head plate. 
Flexion of joints, curvature of the trunk, shoes, and hair bulk 
may contribute to erroneous measurements. Although mature 
heights are also significantly different in males and females, the 
convention of using 152 cm (5 feet) as the division between 
normal adult height and short stature is well accepted.2

Radiographic assessment of bone age and bone structure 
is essential in the evaluation of short stature. Bone age may 
be adequately determined by comparing a dorsal radiograph 
of the hands with the standards of Pyle, Waterhouse, and 
Greulich.6 If the cause of short stature is not immediately obvi-
ous, a skeletal survey including views of the skull, vertebrae, 
pelvis, and long bones will be helpful in determining the pres-
ence of a skeletal dysplasia or other primary skeletal disorder.

In proportionate short stature, the cranium, trunk, and limb 
proportions appear normal, whereas in disproportionate short 
stature, the trunk or limbs are shortened to a greater degree than 
other portions of the body (Fig. 1.6.1).7,8 Platyspondyly, vertebral 
malformations, and spinal curvature may cause disproportionate 
short stature of the short trunk type. Short stature of the short 
limb type can be due to shortening of all segments of the lower 
limb or to rhizomelic (thigh) or mesomelic (leg) shortening.

In that it is a characteristic defined by deviation from the 
mean, short stature occurs in 2.5 percent of the population as a 

part of nonpathologic continuous variability. Pathologic causes 
of short stature may be identified in an equivalent number of 
individuals (Table 1.6.1). The potential for finding a reversible 
cause for short stature is sufficient to require certain diagnos-
tic tests on all persons with short stature in whom the cause is 
not immediately obvious.8-12 Such studies should exclude renal 
disease with acidosis, cyanotic heart defects, and endocrine 
disturbances, principally hypothyroidism and growth hormone 
deficiency. Emotional deprivation may be suspected from the 
history, but confirmation of this possibility requires documen-
tation of a growth spurt on removal from the home environ-
ment.12 Other equally important but nontreatable causes may 
be found in the evaluation. These include chromosome aber-
rations, prenatal trophogenic insults, skeletal dysplasias, and 
recognizable syndromes of known and unknown etiology 
(Table 1.6.2, Fig. 1.6.2). Virtually all of the skeletal dysplasias 
identifiable at birth include short stature as a feature. In many 
other skeletal dysplasias, short stature becomes obvious later.

Heredity is of overwhelming importance in statural growth 
of most individuals. Short parents can expect to have short off-
spring.13 Short offspring of parents with normal or excessive 
height are the exceptions, and in these cases there is reason to 
search for pathologic causes of the short stature. In the patho-
logic situation, an individual genetic or environmental influence 
may be sufficient to cause short stature. Individuals with achon-
droplasia, for example, have short stature irrespective of paren-
tal height, nutrition, hormone production, or other factors. The 
same applies to individuals with certain chromosome aberra-
tions, prenatal environmental insults, and syndromal entities.

Growth appears to be driven by different factors at dif-
ferent ages. Insulin, growth hormone, androgens, and thy-
roxin are the most important hormonal growth factors.14,15 
Longitudinal growth of the long bones, the major contribution 

Fig. 1.6.1 Left: Proportionate short stature in a 3-year old male with Weil-Marchesani syndrome. Middle: Short limbs and short stature in a 5-year-old male with 
achondrodysplasia. Right: Short trunk and short stature in an adult with spondyloepiphyseal dysplasia.
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TABLE 1.6.1  estimates of prevalence of major types of short 

stature after age 1 year

PeRCeNT Of 

PeRsONs WiTH 

sHORT sTaTURe

PeRCeNT Of 

POPULaTiON

Genetic (familial) short stature 50 2.5

Constitutional delay of growth 
and development

24 1.2

Renal, cardiac, pulmonary, and 
gastrointestinal disease

9 0.45

Syndromes (genetic and 
nongenetic)

6 0.3

Autosomal chromosome defects 4 0.2

Gonadal dysgenesis 0.8 0.04

Skeletal dysplasias 0.8 0.04

Hormone deficiencies 0.4 0.02

End organ insensitivity <1 Very rare

Emotional deprivation <1 Very rare

to postnatal growth, depends on all of these hormonal factors 
(Fig. 1.6.3). No growth factors are known to be produced in 
the long bones. Rather, they must be produced elsewhere and 
released into the circulation to reach the bones. Cartilage has 
specific receptors that recognize the growth factors and permit 
their biological activity.

Short stature commonly occurs as an isolated phenom-
enon. Genetic (familial) short stature and constitutional delay 
of growth and development account for the overwhelming 
majority of patients so affected.15 Pathologic short stature often 
but not invariably has other accompanying features. Congenital 

anomalies should be anticipated only when short stature is asso-
ciated with chromosome aberrations, skeletal dysplasias, terato-
genic influences, heritable syndromes, and other recognizable 
syndromes of unknown etiology. Endocrine disturbances are 
among the least common causes of short stature. Many of the 
genes associated with skeletal dysplasias and other recognizable 
syndromes that present with short stature have been identified.

Sonographic examination permits prenatal diagnosis in 
cases when the long bones are short and in those with certain 
associated anomalies. In addition to careful examination of the 
morphology and length of the lower limbs, evaluations of head 
size, facial structure, thorax configuration, heart, kidneys, and 
movement help in the sonographic diagnosis of many skeletal 
dysplasias and other syndromes that include short stature.16 
Maternal serum screening (a-fetoprotein, human chorionic 
gonadotropin, estriol), chorionic villus sampling, and amnio-
centesis permit the early diagnosis of cytogenetic and meta-
bolic disorders associated with short stature.

Treatment: Hypothyroidism and growth hormone defi-
ciencies, the two most frequent endocrinopathies, require 
replacement therapy with thyroxine or human growth hor-
mone. With the availability of a safe and abundant supply of 
growth hormone, this growth promoter has also been utilized 
in an attempt to increase stature in individuals without GH 
deficiency. The experience has been most extensive in Turner 
syndrome, with less experience in skeletal dysplasias and other 
syndromes with short stature. Long-term therapy (5 years) in 
Turner syndrome has resulted in an overall 5–6 cm increase in 
adult height.17,18 The response to GH appears to be consistently 
better during the first year of treatment. Final adult height 
exceeded 152 cm (5 feet) in about a fourth of individuals. Some 
treatment regimens include combination therapy with estro-
gen and oxandrolone. Patients with Noonan syndrome may 
have equivalent growth gain with GH therapy but few reach 
adult height above –2 SD.19

TABLE 1.6.2  Characteristics of major types of short stature

CaUse biRTH LeNGTH bONe aGe assOCiaTeD aNOmaLies

Genetic short stature Low/normal Normal None

Constitutional delay of growth and development Normal Delay None

Growth hormone deficiency Normal Delay None

Hypothyroidism Normal Delay Coarse facies, hernias

Chromosome aberrations Low Normal/delay Malformations

Gonadal dysgenesis Low/normal Normal/delay Malformations

Syndromes (genetic and nongenetic) Low/normal Normal/delay Malformations

Skeletal dysplasias Low/normal Normal/delay None/malformations, deformations

Peripheral resistance to somatomedin Low Normal None

Emotional deprivation Normal Delay None

Chronic illness Normal Delay None
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The response to GH therapy in children with chondrodys-
plasias has been mixed, depending on the type of dysplasia.20,21 
Hypochondroplasia appears to show the greatest response. The 
growth velocity in this mild chondrodysplasia increases 2–4 cm 
per year of treatment. A significant but smaller increase in growth 
velocity has been noted in achondroplasia and metaphyseal dys-
plasia. No growth gain has been achieved by GH treatment in 
pseudoachondroplasia and spondyloepiphyseal dysplasia.

Trials of GH in infants and children with Prader-Willi syn-
drome have been shown to normalize statural growth, decrease 
body mass index, and increase lean body mass and strength.22,23 
Concerns that increased stature and strength might aggra-
vate behavioral problems have not materialized. Deaths have 

occurred after starting GH therapy in patients with pretreat-
ment respiratory impairment and morbid obesity.24

Genetic short stature without GH deficiency also responds 
to GH therapy, but whether the small adult height gain with 
this costly therapy improves self-image or provides other ben-
efits has been questioned.8,25,26

No specific therapy can be provided for many types of short 
stature. Short stature related to chromosome aberrations, certain 
prenatal environmental insults to growth, and most recogniz-
able syndromes that include short stature are likewise resistant 
to therapy. No treatment is available nor is it usually indicated in 
cases of neurotrophic short stature such as spina bifida.

In recent years, long bone lengthening has offered hope of 
increasing stature to an acceptable range for patients with skeletal 
dysplasias. Surgical bone lengthening was devised in the 1920s 
as a means of equalizing lower limb length in patients with polio 
and osteomyelitis.27,28 High complication rates attended these 
procedures. Modification of the procedures for bone lengthen-
ing has decreased the complication rate sufficiently that they can 
now be recommended for patients with short stature.

Prognosis: The prognosis for short stature depends on the 
cause and the coexistence of other skeletal and nonskeletal 
abnormalities. Short stature in infancy related to premature 
birth, placental insufficiency, and twin pregnancy is self-limited, 
usually with return to the normal percentiles by age one year. 
Children with constitutional delay of growth and puberty have 
normal length at birth, but a portion of them fall below the 
normal percentiles during late infancy or the childhood years. 
These children have delayed onset of puberty and do not expe-
rience a distinct pubertal growth spurt but continue to grow for 
a longer period of time than their age-mates who enter puberty 
at the usual time. Ultimately they often reach normal height 

Fig. 1.6.3 Hormonal and other factors that influence growth of long bones.

Fig. 1.6.2 Short stature at birth due to a skeletal dysplasia, achondroplasia, length 49.5 cm (left); the chromosome aberration trisomy 18 and inverted duplication 
15, length 44.4 cm at 42 weeks gestation (middle); and Russell-Silver syndrome, 39.5 cm at 38 weeks gestation (right).
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for their families, but this is not invariable. Although no treat-
ment is necessary for constitutional delay, androgenic agents 
have been successfully used, especially in boys, to boost growth 
during the early teen years and to induce pubertal changes. 
Children who fail to grow because of emotional deprivation 
(psychosocial short stature) experience catch-up growth upon 
removal from the offending environment. Good control in 
insulin-dependent diabetes mellitus helps to maintain normal 
growth and prevents short stature. Nutritional therapy is help-
ful only in the case of nutritional rickets.

Most cases of short stature are not attended with physical 
disability. The patients’ size, however, can place them at psycho-
logical disadvantage, particularly in school and in the workplace. 
Performing daily activities in houses, cars, and public facilities built 
for the person of average stature can be formidable tasks for those 
with short stature. These individuals benefit from early efforts to 
assist in adjustment to a world of greater height and to structure 
the immediate environment to accommodate their stature.29
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1.7 TaLL sTaTURe

(Gigantism)

Definition: Length or height greater than 2 SD above the mean for age and sex. At birth, excessive length for males is 53.1 cm 
or greater and 52.8 cm or greater for females.

ICD9/ICD10: 253.0/E34.4 Syndrome Associations (Appendix)
Androgen insensitivity (DHTR)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Contractural arachnodactyly (FBN2)
Fragile X (FMR1)
Homocytinuria (CBS)
Klinefelter (47,XXY)
Marfan (FBN1)
Sclerosteosis (SOST)
Simpson-Golabi-Behmel (GPC3)
Sotos (NSD1)
Weaver (EZH2)

Birth prevalence: 1/40

Associated anomalies: none specific

Laboratory studies: bone age, hormone studies

Prenatal diagnosis: ultrasonography when associated 
with generalized overgrowth

Cause: normal variation, chromosomal, Mendelian
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For the fetus and infant, length is measured from the crown to 
the heel, with the lower limbs fully extended.1 After ambulation 
begins, the height is measured standing without shoes, using a 
rigid wall-mounted tape or a stadiometer. Standardized height 
curves are available for determining standard deviations from 
the mean or, as is more commonly used in the clinical setting, 
height centiles.2-4 Contemporary adult height (1988) as well as 
a number of other measurements based on the study of 1,774 
males and 2,258 females in military service have been reported 
by Gordon et al.5 Tall stature in adult males is a height of over 
189 cm, in adult females a height of over 176 cm. Some clini-
cians prefer to use height greater than 2.5 SD above the mean 
to define tall stature. Using this definition, height over 192 cm 
in adult males and 179  cm in adult females constitutes tall 
stature.

Excessive length or height in boys and girls causes little 
concern during infancy and the early childhood years. It is 
the exception for isolated tall stature in males to cause major 
social concern at any age. Rather, it is generally looked upon 
as a desirable trait. Hence, tall males who are otherwise nor-
mal are usually not evaluated regardless of the projected adult 
height. For girls, excessive height may be less desirable. Girls 
who have tall stature during childhood and are projected to 
be tall as adults may seek evaluation and intervention to limit 
ultimate height.6

The prediction of adult height is usually based on the 
Bayley-Pinneau tables.7,8 The chronological age, height, 
and bone age of the hand (Greulich-Pyle method) are 
used in these tables. Some clinicians prefer the Tanner or 
Roche-Wainer-Thissen methods, which use midparental 
height and other factors in prediction of adult height.9,10

The most common cause of tall stature is normal 
variation. One in 40 persons will have tall stature on this 
basis. Tall parents can be expected to have tall children. 
Pathological causes of excessive height include excess 
growth hormone and excess thyroid hormone production. 
Excess growth can also be seen in conditions that include 
a prolonged growing period because of lack of androgen or 
tissue insensitivity to androgen. Transient excess stature can 
be associated with precocious puberty, although the ulti-
mate height may be normal or short. Excess length may be 
seen at birth in a number of conditions that include gener-
alized macrosomia (Chapter  34). In other conditions with 
macrosomia at birth, growth slows postnatally, and ultimate 
height is normal or short. Typical of these conditions are the 

mucopolysaccharidoses, Bannayan-Riley-Ruvalcaba syn-
drome, and infants of diabetic mothers.

Treatment: Treatment is rarely sought for males with iso-
lated tall stature. Females with tall predicted adult heights may 
be treated with estrogen to advance closure of the epiphyseal 
growth plates. In general, the bone age can be increased by 1.5 
to 2.5 years per year of estrogen treatment.

Prognosis: Isolated tall stature carries a good prognosis, 
although there may be an increased incidence of eye and heart 
complications. The coexistence of other anomalies may sig-
nificantly alter the prognosis for individuals with tall stature. 
In Marfan syndrome, aortic dilation with dissection into the 
tunica media may be life threatening. Thrombosis may be a 
serious complication in homocystinuria. Ectopic lenses impair 
vision in both conditions. Patients with Klinefelter syndrome 
and androgen insensitivity are infertile. Fragile X syndrome is 
associated with intellectual disability in males; Klinefelter syn-
drome has hypogonadism and associated intellectual disability 
in some cases.
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1.8 Limb OVeRGROWTH

(Limb Hypertrophy, Limb Hyperplasia, Hemihypertrophy, Hemihyperplasia)

Definition: Excessive length of the bones and/or enlargement of the soft tissues of the limb.

ICD9/ICD10: 755.59, 755.69, 755.9/Q87.3 Syndrome Associations (Appendix)
Symmetric
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Lysosomal storage diseases
Marshall-Smith (NFIX)
Perlman (DIS3L2)
Simpson-Golabi-Behmel (GPC3)
Sotos (NSD1)
Weaver (EZH2)
Maternal diabetes mellitus
Asymmetric
CHILD (NSDHL)
CLOVES (PIK3CA)
Dysplasia epiphysialis hemimelica
Enchondromatosis
Fibrous dysplasia (GNAS1)
Klippel-Trenaunay-Weber
Megalencephaly-capillary malformation-polymicrogyria 
(PIK3CA)
Neurofibromatosis (NF1)
Nudleman: hemihypertrophy-hemihypaesthesia-
hemiareflexia
Proteus (AKT1, mosaicism)

Birth prevalence: generalized overgrowth 1/3, 
hemihypertrophy 1/15,000

Associated anomalies: cutaneous and vascular 
anomalies, tumors

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography, gene sequencing

Cause: sporadic, Mendelian (AR, AD, XL), mosaicism

Although the term hypertrophy is often used to describe limb 
overgrowth, in most cases it is not known whether the exces-
sive mass is due to increased size of cells (hypertrophy) or to 
increased numbers of cells (hyperplasia). Limb overgrowth 
can be segmental, involving a single limb or part of a limb, 
or can be a component of hemihypertrophy or generalized 
macrosomia.

Segmental limb overgrowth and hemihypertrophy cause 
discordance in the size of all or a part of paired limbs and can 
be more easily detected than proportional overgrowth (Fig. 
1.8.1, see also Chapter 34).1-5 The discordance in limb size is 
usually apparent at birth or in the early months of life. Surface 
measurements of the limb are usually adequate to demonstrate 
a size difference between the two sides. Circumference often 
provides a better discriminator than does length between bony 
landmarks. Radiographs of the skeleton with comparisons of 
bone length to age-specific and sex-specific standards may 
be helpful in some cases.6 The craniofacies and trunk may be 
involved in hemihypertrophy. Cross-over hemihypertrophy 
with overgrowth of one part on the left and another part on 
the right might also occur.

In some cases of limb asymmetry, it is difficult to deter-
mine whether the smaller limb is undergrown or the larger 

limb is overgrown.1 Limb undergrowth and hemihypotrophy 
are more commonly found in association with other anoma-
lies and intellectual deficiency. Russell-Silver syndrome, 
diploid-triploid mosaicism, and congenital hemidysplasia 
with ichthyosiform erythroderma and limb defects (CHILD 
syndrome) are three examples.7-9 If accompanied by neuro-
logic dysfunction, the smaller limb is usually considered atro-
phied. Edema from lymphatic or venous obstruction can also 
cause soft tissue enlargement, but this is not accompanied by 
bone overgrowth.

When generalized overgrowth occurs, standard measure-
ments may be taken for comparison with age- and sex-specific 
norms. Radiographs are useful in demonstrating that the 
limb bones participate in the overgrowth and in determining 
the amount of growth potential remaining. Although some 
patients with limb overgrowth will show advanced bone age, 
overgrowth may occur without altering the bone age.

Cutaneous and vascular anomalies commonly occur in 
association with limb overgrowth, particularly when the exces-
sive growth is segmental.1,10-13 Linear pigmented nevi may be 
present on the affected segment (Fig. 1.8.2). Superficial or deep 
vascular malformations involving soft tissue and bone may 
be present in the affected segment or elsewhere (Fig. 1.8.3). 
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Hemangiomas, arteriovenous fistulas, venous angiomas, lym-
phangiectasia, and lipomas have been reported. Malformations 
of the heart and major arteries have been reported as well. 
Massive infiltration of soft tissue with mature adipocytes has 

been found in some cases. Uncommonly, patients with hemi-
hypertrophy have absence of sweating and insensitivity to pain 
over the affected limb. Ipsilateral cerebral enlargement with or 
without ventriculomegaly or vascular malformations has been 

Fig. 1.8.1 Hemihypertrophy affecting left upper and lower limb in a 21⁄2 year old boy. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)

Fig. 1.8.2 Overgrowth of left upper limb associated with a linear nevus of the left upper limb in a girl with lipomas of the back (Proteus syndrome). The linear nevus extended 
from the left pectoral region to the palm. Progressive disparity of limb size occurred over the first 3 years, but bone age in the two hands remained the same (right).
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noted rarely. Seizures or contralateral neurologic signs occur 
uncommonly, while intellectual disability has been reported in 
20 percent of cases.

In heritable syndromes with generalized macrosomia, the 
infants are usually large at birth and continue to grow at an 
excessive rate thereafter.3 An exception is the Marshall-Smith 
syndrome in which growth dramatically decreases during 
infancy.14 Typically, infants of women with diabetes mellitus 
experience excessive prenatal growth. Postnatally the growth 
in these infants returns to the normal rate. Likewise, infants of 
obese women and of large parents exhibit excessive intrauter-
ine growth. Infants of large parents often continue to grow at 
excessive rates postnatally, in keeping with the familial large 
stature.

Infants with segmental limb overgrowth and hemihy-
pertrophy exhibit limb overgrowth throughout childhood. 
The size discrepancy between affected and unaffected 
segments may remain static or may become progressively 
greater until bone growth is completed. Progressive growth 
disparity is particularly seen in cases when the bone age is 
advanced in the overgrown segment. Some catch-up growth 
may occur in the smaller limb if the bones in the larger limb 
mature first. Segmental limb overgrowth and hemihyper-
trophy are seen in a large and causally heterogeneous group 
of entities.

Unilateral limb overgrowth occurs with ipsilateral over-
growth of the craniofacies and trunk in isolated hemihypertro-
phy.1,4 Several hundred cases have been reported. Cutaneous 

and vascular anomalies do not occur and serve to distin-
guish isolated hemihypertrophy from overgrowth as a part of 
Klippel-Trenaunay-Weber syndrome, Proteus syndrome, and 
neurofibromatosis. Increased risks for genitourinary anoma-
lies and intraabdominal tumors accompany the asymmetric 
somatic growth.

The asymmetry can be detected at birth or within the first 
six months of infancy. While the size difference of the two 
sides persists, the disparity does not generally increase with 
age. Bone age usually does not differ between the two sides, 
but this is not invariable.

Hemihypertrophy has been reported in 3 percent of chil-
dren with Wilms tumor. Conversely, Wilms tumor devel-
ops in 4  percent of children with hemihypertrophy.2,3,15 The 
risk of developing Wilms tumor is greater during the initial 
seven years of life, during which the child with hemihyper-
trophy should be monitored with ultrasound and serum 
alpha-fetoprotein levels. Other intraabdominal tumors, includ-
ing adrenal carcinoma, hepatoblastoma, pheochromocytoma, 
and retroperitoneal sarcoma have been found in association 
with hemihypertrophy. Genitourinary anomalies, including 
inguinal hernias, cryptorchidism, medullary sponge kidney, 
renal cysts, and horseshoe kidney show an increased incidence 
in hemihypertrophy.

Intellectual impairment has been reported in 15–25  per-
cent of individuals with hemihypertrophy. However, Beals 
found no case of intellectual disability among 20 patients with 
hemihypertrophy.1 He speculated that the increased risk for 

Fig. 1.8.3 Overgrowth of left upper and lower limbs associated with hemangiomas in a girl with Klippel-Trenaunay-Weber syndrome. Overgrowth is more 
pronounced in left lower limb as evidenced by difference in foot sizes.
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cognitive deficiency found in other studies may have reflected 
inclusion of hemihypotrophy cases in these series.

The cause for isolated hemihypertrophy is not known. 
Familial cases are rare. Affected females have been reported 
more frequently than males in several series. Isolated hemi-
hypertrophy requires differentiation from hemihypotrophy 
associated with several syndromes, hemiatrophy associated 
with neurologic impairments, and hemihypertrophy associ-
ated with certain heritable (single gene and chromosomal) and 
sporadic syndromes.

Leck et al. have found the incidence of hemihypertrophy 
to be 1:15,000 births in England.16 This incidence figure likely 
includes a heterogeneous group of disorders that include limb 
asymmetry.

Both heritable and environmental causes for limb over-
growth are recognized. Limb overgrowth due to these iden-
tifiable causes often is merely a part of generalized somatic 
overgrowth. Generalized overgrowth secondary to maternal 
diabetes has been attributed to excess glucose and insulin dur-
ing the prenatal period (Fig. 1.8.4). Similarly, an excessive sup-
ply of nutrients may be the cause of intrauterine overgrowth 
in infants of obese mothers. Genetic factors likely play a more 
dominant role in fetal overgrowth associated with large par-
ents, Beckwith-Wiedemann syndrome, Marshall-Smith syn-
drome, Weaver syndrome, and certain storage disorders.

Segmental overgrowth and hemihypertrophy have long 
been viewed as good candidates for genetic mosaicism in 
which the genetic makeup of the affected tissues differs from 
the balance of the body tissues. Biesecker and colleagues have 
shown this to be the case in Proteus syndrome, in which muta-
tions in AKT1 have been found in overgrown tissues but absent 
in normally grown tissues.13,17

In the absence of generalized macrosomia or associated 
anomalies, prenatal diagnosis of limb overgrowth is a formi-
dable task. Ultrasonographic evaluation provides the major 

means of detection. Limb asymmetry should be sought when 
intracranial or renal anomalies are found and when ompha-
locele is present. However, the disparity in limb size may 
be too subtle during the second trimester for convincing 
demonstration.

Limb overgrowth represents an important clinical finding 
that necessitates a careful search for other, less obvious associ-
ated features. These features, more than the asymmetry, may 
determine the prognosis and dictate therapy. Specifically, cen-
tral nervous system malformations or tumors, deep tissue vas-
cular malformations, renal malformations, and intraabdominal 
malignancies may occur in association with limb overgrowth. 
Chromosome studies may document that mosaicism is respon-
sible for the growth asymmetry in a minority of cases.

Treatment: Treatment must be directed at the limb over-
growth and at other complications.18,19 Shortening and deb-
ulking of digits can have satisfactory results. Epiphysiodesis 
of the longer limb has been used to equalize limb length. 
This procedure is performed more commonly on the lower 
limbs, but could be used in upper limb asymmetry as well. 
Alternatively, a built-up shoe may be used to equalize the 
lower limbs and to help prevent scoliosis. Partial or complete 
amputation of the macrodactylous toes may be necessary to 
permit shoe fitting.

In contrast, hemihypertrophy, segmental overgrowth, and 
macrodactyly associated with nevi, hemangiomas, and lipo-
matous infiltration show progressively disparate growth and 
pose greater difficulties in treatment. Surgery consisting of 
joint ablation, epiphysiodesis, and partial amputation are all 
used but with less satisfactory results. Ligation and laser abla-
tion of angiomas and fistulas have been successful in some 
circumstances.

Success in debulking overgrown tissues depends on the 
extent of involvement and the cause. Smaller areas may be 
debulked with successful cosmetic results. Larger areas often 
require repeated removal of skin and soft tissues. Massive scar-
ring and keloid formations may occur as complications. When 
there is substantial interference with function, amputation 
may be the treatment of choice.

Prognosis: In some cases of simple macrodactyly and iso-
lated hemihypertrophy, the growth disparity remains static 
during childhood.
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1.9 iNCReaseD bONe DeNsiTY

(Osteosclerosis, Hyperostosis, Osteopetrosis)

Definition: Increased mineral content of bones due to excessive deposition or deficient resorption of calcium salts. The term 
osteosclerosis is used to indicate increased density of bone without expansion of the bone. Hyperostosis indicates increased density 
of bone associated with expansion of the bone. Osteopetrosis (marble bone) also indicates increased density of the bone, but this 
term is best reserved for specific heritable disorders.

ICD9/ICD10: 756.52/Q78.2 Syndrome Associations (Appendix)
Camurati-Engelmann (TGFB1)
Craniodiaphyseal dysplasia (SOST)
Craniometaphyseal dysplasia (ANKH)
Dysosteosclerosis
Osteopathia striata-cranial sclerosis (WTX)
Osteopetrosis (LRP5, CLCNT, GL, TNFSF11, OSTM1, 
TNFRSF11A, PLEKHM1, CA2, TCIRG1)
Osteopoikilosis (LEMD3)
Pycnodysostosis (CTSK)
Sclerosteosis (SOST)
Van Buchem (SOST)

Birth prevalence: unknown

Associated anomalies: other skeletal and dental, optic 
atrophy, deafness

Laboratory studies: radiographs, alkaline phosphate, 
renal function, serum calcium and phosphorous

Prenatal diagnosis: ultrasonography late in pregnancy

Cause: Mendelian, environmental

Increased bone density is detected by radiographs. In prac-
tice it is a subjective determination based on the apparent 
radiodensity. Measurement of the thickness of the cortex of the 
bones of the hands and comparison with standards provides 
an objective means of diagnosis.1 Alternatively, densitometry 
may be performed on bones using radiographs taken under 
standardized conditions.2

The range of symptoms in patients with increased bone 
density varies greatly. Some patients have no symptoms, the 
diagnosis being made on radiographs taken for unrelated 
reasons. This is the case for some patients with dominant 
osteopetrosis, diaphyseal dysplasia (Camurati-Engelmann 
syndrome), and osteopoikilosis.3-7 Limb pain and muscle 
weakness may be prominent symptoms in patients with 
diaphyseal dysplasia. Pain may also occur in osteopetrosis, 
the craniotubular dysplasias, melorheostosis, and the cor-
tical hyperostosis of Caffey. Increased bone thickness may 
cause disfigurement, particularly when the craniofacial bones 
are involved. Curvature or fracture of the long bones may 
also occur.

In conditions with cranial involvement, deafness, optic 
atrophy and blindness, and cranial nerve palsies from narrow-
ing of the cranial foramina occur.7-9 Expansion of the cortical 
bone may produce anemia by encroaching on the marrow cav-
ity and nerve damage by narrowing the bony foramina. Anemia 
is a prominent feature in recessive osteopetrosis, occurs less 
often and with less severity in dominant osteopetrosis and 
Kenny medullary stenosis, and is not to be expected in the 
other sclerosis conditions. Growth impairment is notable in 
pycnodysostosis and recessive osteopetrosis.4,10 Excessive stat-
ure is often present in sclerosteosis.

Increased bone strength does not accompany increased 
bone density. To the contrary, in most conditions in which 
there is generalized increased density of the bones, an asso-
ciated fragility is manifested by an increased incidence of 
fractures.

Increased bone density may be generalized, affect-
ing all bones of the membranous and cartilaginous skeleton 
(Fig. 1.9.1). When generalized, increased bone density usually 
represents an important finding indicating the presence of a 
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systemic disorder. These conditions are rare and are usually 
heritable. Localized areas of increased density may be seen in 
areas of infection, hematoma, or callous formation. Certain 
heritable conditions, metabolic derangements, and nutritional 
deficiencies may also cause increased bone density of a seg-
mental or localized nature (Fig. 1.9.2).11-13

Maintenance of bone mass is achieved through balancing 
the resorptive activity of osteoclasts and the regenerative activ-
ity of osteoblasts. Type 1 collagen and hydroxyapatite are the 
main constituents of bone, but a host of enzymatic, structural, 

and regulatory proteins are involved in bone remodeling. 
Mutations in any of the genes that give osteoblast activity an 
advantage over osteoclast activity may result in the accumu-
lation of excessive bone mass and increased bone density. In 
most cases, hyperdense bones result from calcium deposition 
in osteoid that is thickened. Hyperdense bones can, however, 
result from concentration of calcium salts in an otherwise nor-
mal cortex.

In disorders that include generalized increased bone den-
sity, dense bones are present at birth and have been diagnosed 
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Fig. 1.9.1 A: 4-year-old girl with osteopetrosis. Radiographs show generalized increase in bone density of long bones in osteopetrosis at age 1 year (B,C), age 
10 years (D,E) and age 27 years (F,G). (A–C courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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prenatally on radiographs taken late in pregnancy. These 
disorders are progressive, with the bones showing increased 
density over time. An increased incidence of complications 
(anemia, bone fragility, and nerve compression) accompanies 
this progression.

Treatment: The underlying cause and associated complica-
tions dictate the therapeutic approach. It ranges from bone 
marrow/stem cell transplantation and cranial nerve decom-
pression (osteopetrosis) to management of fractures, dental 
anomalies and hearing loss (dysosteosclerosis) to corticoid 
administration (Camurati-Engelmann).

Prognosis: Quite variable prognosis attends the disorders 
with increased bone density. Cranial nerve impingement, 
increased intracranial pressure, hearing loss and fractures are 
among the complications that influence the quality of life.
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1.10 DeCReaseD bONe DeNsiTY

Definition: Deficient mineral content of bone due to decreased deposition or increased resorption of calcium salts. Osteoporosis 
is a general term used for undermineralization of bone. Osteomalacia indicates undermineralization in the presence of excess 
osteoid. Osteopenia indicates a decrease in bone mass due to deficient production of osteoid. In osteopenia, the mineralization 
may be normal.

ICD9/ICD10: 733.0/M81.8 Syndrome Associations (Appendix)
Achondrogenesis (COL2A1, DTDST, TRIP11)
Arthrogryposis, all types
Cerebrooculofacioskeletal (ERCC6)
Cystinosis (CTNS)
Heritable rickets (VDR, CYP27B1, CYP2R1, VDDR2B)
Hypophosphatasia (ALPL)
Juveline osteoporosis
Lowe (OCRL1)
Osteogenesis imperfecta (COL1A1, COL1A2, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)
Winchester (MMP14)
Nutritional rickets

Birth prevalence: 1/25,000

Associated anomalies: other skeletal anomalies

Laboratory studies: radiographs, renal function, 
alkaline phosphatase, calcium phosphorous, 
parathormone

Prenatal diagnosis: ultrasonography, mutational 
analysis

Cause: Mendelian

Decreased mineral content of bone becomes manifest clini-
cally as bone pain or fractures. Radiographically, the bones 
have increased lucency. Mild osteoporosis is not symptom-
atic but is usually noted on radiographs taken for other 
reasons.

Maintenance of bone mass is achieved through balanc-
ing the resorptive activity of osteoclasts and the regenerative 
activity of osteoblasts. Type 1 collagen and hydroxyapatite are 
the main constituents of bone, but a host of enzymatic, struc-
tural, and regulatory proteins are involved in bone remodel-
ing.1 Mutations in any of the genes that give osteoclast activity 
an advantage over osteoblast activity may result in decreased 
bone density. Determination of osteoporosis is usually made 
subjectively from the appearance of the bones on radiographs. 

The simplest objective measure of decreased bone density is 
the thickness of the cortex in the hand bones.2 Densitometry 
on radiographs taken under standardized conditions may also 
be used.3-5

Osteogenesis imperfecta, achondrogenesis, and hypophos-
phatasia are prototypical skeletal dysplasias with decreased 
mineralization of bone that present at birth (Fig. 1.10.1).1,6,7 
Prenatal fractures are evident in osteogenesis imperfecta 
type II and achondrogenesis type 1A, but not necessarily in 
the other types. Other genetic disorders may show general-
ized decreased bone density at birth or in later years.8-12 To 
these can be added heritable conditions that limit movement 
and nutrition, such as the spinal muscular atrophies, mus-
cular dystrophies, and various neuropathies. Certain other 

A B C D

Fig. 1.10.1 Decreased bone density. A & B: newborn with Osteogenesis imperfecta. Note diminished mineralization of skull, long bones and ribs with multiple 
fractures. C & D: newborn with achondrogenesis. Note absent or decreased ossification of vertebral bodies and pedicules, ischia and pubis, and long bones.
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conditions may be associated with localized areas of osteopo-
rosis (Fig. 1.10.2).13-15

Osteoporosis can result from a number of chronic condi-
tions that interfere with nutrition and activity. Chronic admin-
istration of steroids can also produce osteoporosis. Hemolytic 
anemia may lead to osteoporosis through expansion of the 
marrow cavity at the expense of the bony cortex. Rickets 
and scurvy also cause osteoporosis, rickets by decreased 
mineral uptake in the intestine, and increased loss through 
the kidneys and scurvy by an inhibition of bone deposition. 
Hyperparathyroidism causes increased renal loss of calcium 
and phosphorus, producing osteoporosis. Most of these causes 
of decreased bone density are not congenital, although con-
genital rickets has been reported as has congenital hyperpara-
thyroidism secondary to maternal hypoparathyroidism.

Prenatal diagnosis is possible for many conditions with 
decreased bone density by imaging (ultrasound, X-ray, MRI) 
and, in cases where the causative gene is known, by mutational 
analysis.

Treatment: Therapies are dependent on the underlying 
cause of decreased bone density. The propensity to fracture is 
reduced with cyclic bisphosphonate treatment (osteogenesis 
imperfecta, juvenile osteoporosis) and with Vitamin D and Ca 
administration (vitamin D–dependent rickets, cystinosis).

Prognosis: In the nonlethal forms of osteogenesis imper-
fecta, repeated fractures, bone deformation, and hearing loss 
are complications.

REFERENCES

 1. Kornak U, Mundlos S: Genetic disorders of the skeleton: A developmental 
approach. Am J Hum Genet 73:447, 2003.

 2. Morgan DB, Spiers FW, Pulvertaft CN, et al.: The amount of bone in the meta-
carpal and the phalanx according to sex and age. Clin Radiol 18:101, 1967.

 3. Colbert C, Spruit JJ, Davila LR: Biophysical properties of bone: determining 
mineral concentration from the X-ray image. Ann NY Acad Sci 30:271, 1967.

 4. van Rijn RR, van der Sluis IM, Link TM, et al.: Bone densitometry in chil-
dren: a critical appraisal. Eur Radiol 13:700, 2003.

 5. Shagam JY: Bone densitometry: an update. Radiol Technol 74:321, 2003.
 6. Spranger JW, Brill PW, Nishimura G, et al.: Bone Dysplasias. An Atlas of 

Genetic Disorders of Skeletal Development, ed 3. Oxford University Press, 
New York, 2012.

 7. Fallon MD, Teitelbaum SL, Weinstein RS, et al.: Hypophosphatasia: clini-
copathologic comparison of the infantile, childhood, and adult forms. 
Medicine 63:12, 1984.

 8. Pena SDJ, Shokeir MHK: Autosomal recessive cerebro-oculo-facio-skeletal 
(COFS) syndrome. Clin Genet 5:285, 1974.

 9. MacCarthy JMT, Carey MC: Bone changes in homocystinuria. Clin Radiol 
19:128, 1968.

 10. Richards W, Donnell GN, Wilson WA, et al.: The oculo-cerebro-renal syn-
drome of Lowe. Am J Dis Child 109:185, 1965.

 11. Dent CE: Idiopathic juvenile osteoporosis (IJO). Birth Defects Orig Artic 
Ser V(4):134, 1969.

 12. Frontali M, Stomeo C, Dallapiccola B: Osteoporosis-pseudoglioma syn-
drome:  report of three affected sibs and an overview. Am J Med Genet 
22:35, 1985.

 13. Bender BL, Yunis E: Fibrocartilaginous lesions of bone and hemangiomas 
and lipomas of soft tissue resembling Maffucci’s syndrome. J Bone Joint 
Surg Am 61A:1104, 1979.

 14. Firat D, Stutzman L:  Fibrous dysplasia of bone:  review of twenty-four 
cases. Am J Med 44:421, 1968.

 15. Schajowicz F, Schlullitel J: Eosinophilic granuloma of bone and its rela-
tionship to Hand-Schuller-Christian syndrome. J Bone Joint Surg Br 
56B:545, 1973.

 16. Rauch F, Travers R, Plotkin H, et al.: The effects of intravenous pamidro-
nate on the bone tissue of children and adolescents with osteogenesis 
imperfecta. J Clin Invest 110:1293, 2002.

1.11 OsTeOLYsis

(Phantom Bone, Disappearing Bone)

Definition: Resorption of previously formed cartilage and bone.

ICD9/ICD10: 996.45/M89.5 Syndrome Associations (Appendix)
Farber (ASAH1)
Gorham
Hajdu-Cheney (NOTCH2)
Juvenile hyaline fibromatosis (CMG2)
Mandibuloanal dysplasia (LMNA)
Pachydermoperiostosis (HGPD)
Pycnodysostosis (CTSK)
Winchester (MMP14)

Birth prevalence: rare

Associated anomalies: cutaneous, dental, hearing 
defects

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: Mendelian (AD, AR)

Fig. 1.10.2 Localized areas of decreased skull density caused by eosinophilic 
granuloma.
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Marked heterogeneity and variability among the osteolyses 
make for a confusing array of disruptive processes, which can 
affect virtually any bone of the body and carry life-threatening 
or inconsequential implications. In no condition has the pro-
cess been documented during fetal life. In most patients, 
osteolyses begin after a few years of life. Osteolysis may be 
heralded by painful or painless swelling over the bones that 
will subsequently be lysed. All osteolyses are dynamic pro-
cesses that ultimately result in replacement of bone and car-
tilage by fibrous tissue. The osteolyses are individually and 
collectively rare. No gender predilection is known.

Carpotarsal osteolysis is heralded by swelling and pain over 
the wrists and ankles at age three to four years.1-3 Lysis pro-
gresses over several decades and may extend to the proximal 

metacarpals and metatarsals and to the distal radial and ulnar 
epiphyses, ultimately causing complete dissolution of the 
affected bones, with collapse of the ankle and wrist joints.

Phalangeal osteolysis, the most benign of the hereditary 
osteolyses, is a progressive process that involves only the distal 
phalanges (Fig. 1.11.1).4,5 Autosomal recessive and dominant 
forms have been described.

Multicentric osteolysis commonly affects the cranium, 
phalanges, carpals, and tarsals, although it may affect any 
bone.6-11 Several syndromal forms have been differentiated, 
including the autosomal dominant Hajdu-Cheney syndrome 
and the autosomal recessive Winchester syndrome.

In none of the hereditary osteolyses is the pathogenesis cer-
tain. Tyler and Rosenbaum have proposed that an autoimmune 

A

B C D E

Fig. 1.11.1 A. Carpal osteolysis in an 11-year-old male with carpotarsal osteolysis and nephropathy. (Courtesy of Dr. R. I. Macpherson, Medical University of South 
Carolina, Charleston.) B-E. Distal phalangeal osteolysis of fingers and toes in a 30-year-old woman. Her sister was similarly affected.
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process is responsible in the multicentric osteolyses and in carpo-
tarsal osteolysis with nephropathy.10 In Gorham nonhereditary 
massive osteolysis, hyperemia from an adjacent angioma may 
initiate the lytic process.12 Osteolysis may result from a number 
of insults to bone including trauma, arterial disease, infection, or 
other inflammatory processes, tumors, and aseptic necrosis.

Treatment: No specific treatments have been found to 
be beneficial. Steroids do not appear to impede the process. 
Neither are passive exercises or casting helpful. The lytic pro-
cess usually becomes inactive after a variable number of years. 
The cause of cessation of the lytic process is no less mysterious 
than the cause of its onset.

Prognosis: Many patients are left with deformations at the joints 
adjacent to affected areas that may limit mobility and dexterity.
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1.12 aNOmaLies Of THe PaTeLLa

Definition: Absence or other anomaly of the sesamoid bone contained within the quadriceps tendon.

ICD9/ICD10: 755.64/Q74.1 Syndrome Associations (Appendix)
Campomelic dysplasia (SOX9)
Genitopatellar (KAT6B)
Kuskokwim
Meier-Gorlin (ORC1)
Multiple pterygia (CHRNG)
Nail-Patella (LMX1B)
Seckel (ATR, RBBP8)
Small patella (TBX4)
Spondyloepiphyseal dysplasias (COL2A1)
Zellweger (PEX genes)
Trisomy 8 mosaicism

Birth prevalence: rare

Associated anomalies: other skeletal

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: chromosomal, Mendelian (AR, AD)

The patella is the largest sesamoid bone in the body and the 
only one of the three sesamoid bones of the knee with clinical 
importance. By virtue of its location, it provides a measure of 
protection for the anterior aspect of the knee joint but becomes 
important to the function of the knee only if it is dislocated.

A G E N E S I S  O F   T H E  PAT E L L A

Total absence of the patella may be diagnosed clinically and 
radiographically.1 The anterior aspect of the knee appears 
flattened, a finding accentuated with flexion of the knee. 
Radiographs show no patella ossification and a flattening of 
soft tissues over the anterior aspect of the knee. The knee may 
function normally without apparent loss of stability.

Agenesis of the patella occurs only on a heritable basis, 
either as an isolated autosomal recessive or autosomal 

dominant defect or as a component of other entities with addi-
tional skeletal and nonskeletal manifestations.1-7 Mutations 
in LMX1B, a LIM-homeodomain transcription factor, cause 
Nail-patella syndrome, and mutations in TBX4 cause Small 
patella syndrome. Bongers et al. have suggested that other enti-
ties with patellar abnormalities may be caused by defects in the 
PTX/TBX signaling cascade.3

H Y P O P L A S I A  O F   T H E  PAT E L L A

Underdevelopment of the patella is diagnosed when the ossi-
fied mass of the patella fails to reach a size 2 SD below the 
mean size. Since patella diameter is a feature of continuous 
variation, the majority of small patellas represent simply the 
lower extreme of normal anatomical variation. In a minority 
of cases, underdevelopment is a feature of a multiple anomaly 
syndrome or skeletal dysplasia.1,2,8,9
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A B N O R M A L  O S S I F I C AT I O N  
O F   T H E  PAT E L L A

The patella normally ossifies at about age five years. The carti-
laginous template of the patella, however, is present at birth and 
can be palpated in the distal aspect of the quadriceps tendon. 
Ossification generally proceeds from several foci, and the mar-
gins may be quite irregular. The smooth contour of the mature 
patella is achieved during the teen years. The union of separate 
ossification centers may likewise occur in the late teens.

Abnormalities of ossification of the patella are seen in a 
number of circumstances. Rarely, the patella is prematurely 
ossified. This phenomenon is of diagnostic assistance in the 
Zellweger syndrome (Fig. 1.12.1).6 Delayed ossification occurs 
in a number of skeletal dysplasias, particularly in the epiphy-
seal disorders and in hormonal and nonhormonal disorders 
that impair bone age. Irregular ossification or stippling of the 
patella also occurs in hypothyroidism and in other disorders 
that include stippled epiphyses.

D I S L O C AT I O N  O F   T H E  PAT E L L A

Normally the patella rests in the diamond formed by the 
femorotibial junction and the concavities of the femoral and 
tibial epiphyses. The patella is contained within the quadri-
ceps tendon. Movement is limited and occurs only vertically. 
Dislocation of the patella can occur in any direction.10-12

Patella dislocation that occurs after birth is usually not 
familial. In the series of Bowker and Thompson, 75 percent of 
cases occurring after age three years were not familial.10 The 
majority of bilateral cases are familial, however.

Predominant predisposing factors for patella dislocation 
include hypermobile patellas with or without increased joint 

mobility elsewhere, abnormal position of the patella in exten-
sion, thigh atrophy, abnormal patella configuration with defi-
ciency of the trochlea, genu valgum, genu recurvatum, and 
hypoplasia of the patella. In association with hypermobile 
joints, the patella dislocates laterally. There may be recurrent 
dislocation with knee flexion.
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1 . 1 3  a R T H R O G R Y P O s i s 

(Multiple Congenital Contractures)
Judith G. Hall

Multiple congenital contractures have been recognized for 
hundreds of years; however, the term arthrogryposis multiplex 
congenita was coined early in the 20th century to describe 
infants with multiple congenital contractures in various body 
areas. Shortened to arthrogryposis, the term now is used as 
a sign rather than as a specific diagnosis. Arthrogryposis is 
found in a very heterogeneous group of conditions includ-
ing well-known syndromes and nonspecific associations.1-4 
In general, the term is appropriately used to describe infants 
who have congenital contractures in two or more body areas. 
Thus, bilateral clubfeet would not be arthrogryposis, whereas a 
clubfoot and a dislocated hip would be considered to be within 
the preview of arthrogryposis. The medical literature on con-
genital contractures is rather confusing, because many authors 
have tended to lump together all the patients with congenital 
contractures and draw conclusions that may apply to only one 
subgroup of patients.

The presence of multiple congenital contractures is very 
obvious at birth, and the diagnosis is now often made prena-
tally by ultrasound studies. It may be necessary to observe a 
fetus for up to 45 minutes in utero with real-time ultrasound 
to determine whether there is normal movement of various 

Fig. 1.12.1 Ossification of the patella in a newborn infant with Zellweger 
syndrome.



L i m b s  |  105

joints. However, it is clear that prenatal diagnosis of condi-
tions with multiple congenital contractures is usually missed 
because of failure to look for movement prenatally.5 It has also 
become clear that the congenital contractures may not be pres-
ent in early fetal life and only develop during the third trimes-
ter, depending on the particular condition involved.

By definition, arthrogryposis is present at birth. The partic-
ular pattern of contractures, the specific body areas involved, 
the presence of flexion versus extension contractures, and 
involvement of the jaw and/or trunk may be very helpful in 
arriving at a specific diagnosis. There are over 400 specific con-
ditions in which congenital contractures are regularly seen; 
thus a practical approach to diagnosis is needed. Recently, over 
150 genes have been identified to have mutations associated 
with arthrogryposis and almost any chromosomal deletion or 
duplication may have congenital contractures (often related to 
in utero hypotonia).4,6

Clinically, three subgroups of arthrogryposis can be 
distinguished based on (1)  involvement of the limbs only, 
(2) involvement of limbs together with other body areas, and 
(3)  involvement of the limbs and central nervous system.1-4 
This approach can help in developing the differential diagnosis 
and in arriving at a specific diagnosis in most cases. However, 
in at least 30 percent of individuals with multiple congenital 
contractures, no specific diagnosis can be established in the 
newborn period. It is particularly important in such cases to 
take photographs to document the position of contractures in 
the newborn period, since they may well change with therapy. 
The positioning in the newborn period is important in the dif-
ferential diagnosis process as well. The specific diagnosis and 
prognosis may only emerge over time with repeated evaluation.

Multiple congenital contractures are present whenever 
there has been lack of normal fetal movement (fetal akinesia). 
Moessinger coined the term fetal akinesia sequence to describe 
the process involved in the development of multiple congeni-
tal contractures.7 From work with rats, he recognized that if 
fetal movement was limited, for many different reasons, then 
contractures developed prior to birth. Fifty to 60  percent of 
individuals with multiple congenital contractures have all four 

limbs involved, 30–40 percent the legs only, and 10–15 percent 
only the arms. The TMJ joint and spine can be involved, and 
the hips are frequently dislocated. The skin overlying affected 
joints often has dimples. Swinyard developed the hypothesis 
that with decreased movement, increased connective tissue 
develops around the inactive joint making movement even 
more difficult.8 The development of stiffness in a joint is cer-
tainly observed after birth when a normal individual is immo-
bilized, for instance as in the treatment of a fracture when a cast 
is applied and then removed 6–8 weeks later, and marked stiff-
ness is present requiring physical therapy to regain full range 
of motion. Similarly, contractures develop when limitation 
of joint movement is seen prior to birth, as in arthrogryposis 
(Fig. 1.13.1). With increasing length of time of immobiliza-
tion, the contractures become more severe. Thus, the earlier 
immobilization begins during in utero life, the more severe the 
contractures at birth.

There are at least eight well recognized reasons (Fig. 1.13.2) 
for decreased fetal movement in utero:

1. Myopathic processes. These can be related to absent or 
nonfunctional muscles. It appears that if the muscles are 
nonfunctional early in in utero development, a muscle 
biopsy may actually look like a neuropathic process, 
even though the original defect was myopathic. Many 
types of myopathic processes lead to contractures 
in utero.

2. Neuropathic processes. These can include failure of the 
central or peripheral nervous system to develop or failure 
of these elements to function. Occasionally, there may 
be in utero neurologic degeneration. Any abnormality of 
nervous tissue, including the motor end plate, may lead to 
decreased movement of limbs by the fetus and subsequent 
contractures.

3. Neuromuscular end plate. The neuromuscular end plate 
has many elements and has both embryonic fetal and adult 
forms. If mutations occur in any of the genes responsible 
for these proteins, or if antibodies are formed against 

Metabolic Disturbances

Connective tissue abnormality/
skeletal dysplasiaMaternal illness or exposure

Space limitation Intrauterine vascular
compromise

Neuromuscular endplate abnormality

Myopathic processes

Neuropathic processes

LIMITATION OF FETAL JOINT MOBILITY

MULTIPLE CONGENITAL CONTRACTURES
(ARTHROGRYPOSIS)

Fig. 1.13.1 Graph of interacting features leading to fetal akinesia.
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them, decreased movement is likely to ensue. The multiple 
pterygium syndromes are examples.

4. Connective tissue disorders. Connective tissue disorders 
are best exemplified by the various bone dysplasias in 
which congenital contractures of the limbs are seen. 
However, there can also be abnormalities in connective 
tissue that involve the joint but not the bone. Abnormal 
connective tissue or abnormal connective tissue responses 
can lead to joint contractures in utero.

5. Limitation of space and constraint. Limited space for 
the fetus to move, due to many different etiologies, 
may lead to a decrease in fetal movement, for example, 
oligohydramnios, multiple gestations, fibroids, abnormal 
uterine shape, and so forth.9,10

6. Vascular compromise. Decreased blood flow to the 
placenta or to the embryo/fetus during critical stages of 
central nervous system maturation may be associated 
with arthrogryposis. The observations of attempted 
terminations of pregnancy and maternal trauma indicate 
that the 8–14 weeks from the last menstrual period is a 
particularly vulnerable period for the embryo/fetus.11

7. Teratogenic exposures.12 Misoprostol, ergot, penicillamine, 
ACE inhibitors, and muscle relaxant use by the mother 
have been associated with multiple congenital contractures 
in the offspring. Maternal fever, hyperthermia, acidosis, 
and infections are also considered risk factors and have 
been associated with multiple congenital contractures at 
birth. Early amniocentesis and chorionic villus sampling 
are also associated with a small risk for congenital 
contractures.

8. Maternal illness. Certain maternal illnesses including 
myotonic dystrophy, diabetes mellitus, myasthenia gravis, 
and multiple sclerosis are associated with fetal akinesia 

and arthrogryposis at birth. Mothers may also develop 
antibodies against fetal neurotransmitter receptor subunits 
which are associated with congenital contractures, but 
this is preventable by maternal steroid therapy during 
pregnancy.2

Any of the above processes can be associated with a variety 
of clinical situations which lead to decreased fetal movement 
and secondary contractures. Moessinger recognized, however, 
that with decreased fetal movement a number of other specific 
secondary deformational abnormalities are observed.7 These 
include intrauterine growth retardation, craniofacial anoma-
lies (small chin, cleft palate, high bridge of nose, depressed tip 
of the nose), hypoplastic lungs, short umbilical cord, and poly-
hydramnios with secondary immaturity of the gastrointestinal 
tract. These features are seen in addition to congenital con-
tractures of the limbs, and any combination can be observed. 
However, if congenital contractures are present, it is important 
to look for other features of fetal akinesia, and in particular 
hypoplastic lungs and nonfunctional gastrointestinal tract 
because of the importance for therapeutic considerations.

Approximately one in 3,000 births in North America 
have multiple congenital contractures. Males and females are 
affected equally except for some rare X-linked recessive forms. 
Approximately one-third of infants born with arthrogryposis 
represent various forms of lethal congenital contracture syn-
dromes.1 One-third have a specific entity known as amyoplasia, 
and about one-third consist of many other specific entities.13,14 
The differential diagnosis is most easily organized into three 
clinical presentations:  those primarily involving the limbs, 
those with limb contractures plus other body areas (such as 
deafness, trismus, cardiac involvement), and those with cen-
tral nervous system involvement and dysfunction.1,4

In general, the prognosis for a child with multiple congeni-
tal contractures is favorable, since once the contractures can be 
mobilized the child does well; however, the prognosis depends 
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Fig. 1.13.2 Multiple causes of fetal akinesia.
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on the cause and severity in a given case. On the other hand, 
approximately one-third of the affected individuals have cen-
tral nervous system dysfunction and do very poorly. This can 
usually be recognized in the first several months because the 
child is unresponsive, does not feed well, and does not interact 
with its environment.

A vigorous physical therapy program should be insti-
tuted shortly after birth in order to give the infant an oppor-
tunity to respond.16 In the past, children with congenital 
contractures have been placed in multiple casts to stretch the 
joint contractures, and whatever muscle tissue was present 
then atrophied. It is important before immobilization that 
muscle tissue be preserved if possible, and this is best done 
by physical therapy stretching the joints for the first few 
months with splinting to maintain the stretch. Care must 
be given not to fracture bones, since immobilized bones are 
often osteoporotic. Response to this type of physical therapy 
usually occurs within the first four to six months after birth, 
and then there seems to be less response. At that time, surgi-
cal considerations and casting need to be considered. Night 
splinting is an important part of postsurgical therapy, since 
there is a tendency for joints that have had contractures to 
return to the presurgical position.

With the advent of prenatal diagnosis, there may well 
be cases in which congenital contractures are recognized 
in utero. Increasing fetal movement either through mater-
nal exercise or stimulatory medications may improve the 
long-term outcome for these infants. Early delivery may be 
considered in order to institute early physical therapy if the 
lungs are mature.

The recurrence risk for a family and an affected individual 
depends on the specific type of arthrogryposis. In approxi-
mately 20  percent of cases, a specific diagnosis cannot be 
made. In those situations, empiric recurrence risks indicated 
there is approximately a 3–5  percent recurrence risk both 
for the parents of the child and for the affected individual.1,4 
Prenatal diagnosis using real-time ultrasound is very useful in 
these situations.

A study of complications during affected pregnancies 
indicates that there is no good prognostic indicator during a 
pregnancy to anticipate that the child will be born with mul-
tiple congenital contractures, nor is there any strong evidence 
for environmental influences as the cause of nonspecific mul-
tiple congenital contractures.16-18 Fetal movement is often 
decreased. Breech presentation is more frequent than usual. 
The mean birth weight is decreased for age; however, this is 
probably related to decreased muscle mass.

The height of affected individuals is usually 4–8  inches 
less than unaffected family members.4 This appears to be 
related to decreased use of the lower limbs. Adults with 

arthrogryposis seem to have an increased propensity to 
develop degenerative arthritis of involved joints. This may 
actually be related to the type of therapy used at a young 
age, including physical therapies and surgery to the affected 
joints. Thus, care involving wear and tear on affected joints 
is an important consideration.

A parent group for the families of individual children 
with arthrogryposis has been extremely helpful by provid-
ing suggestions for appliances, therapies, and various support 
mechanisms.19
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1 . 1 3 A  A M Y O P L A S I A

(Classical Arthrogryposis)

Definition: Very specific form of arthrogryposis with internal rotation of shoulders, extended elbows, flexed wrists, clenched 
hands, severe equinovarus deformity of the feet, dimples over affected joints, and marked decrease in muscle.

ICD9/ICD10: 756.89/Q79.8 Syndrome Associations (Appendix)
MZ twinningBirth prevalence: 1/10,000

Associated anomalies: intrauterine growth restriction, 
gastrointestinal structural anomalies (gastroschisis, 
bowel atresia, loss of ends of digits, midfacial capillary 
hemangioma)

Laboratory studies: muscle biopsy, microscopy, 
electromyogram

Prenatal diagnosis: ultrasonography in 25% of cases

Cause: sporadic

This distinctive form of arthrogryposis is clearly evident 
at birth with characteristic symmetrical positioning of the 
limbs (Fig. 1.13a.1).1-4 Prenatal diagnosis with ultrasound 
is unreliable.4 A  variety of associated anomalies appear to 
have a vascular cause. Muscle biopsy shows loss of muscle 
and fatty infiltration. Electromyogram may produce variable 

results depending on the state of the muscle and nerve sup-
ply. No recurrence is known either to parents or affected 
individuals.

Treatment: Physical therapy should be initiated early with 
splinting to increase range of movement of affected joints.1 

Fig. 1.13a.1 Left: Amyoplasia. Midfacial hemangioma; short, upturned nose; internally rotated, narrow shoulders; extended elbows; posteriorly clenched fist; 
oriented hands; contractures at the knees; and severe equinovarus clubfeet in an infant with typical amyoplasia positioning. Right: 6-year-old boy with narrow 
shoulders, extended elbows, web neck, axillary webbing, asymmetric wrist and flexed wrist, decreased muscle mass often seen in amyoplasia; however, his ptosis 
is not typical.
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Reassessment at four months allows long-term planning, ide-
ally in a specialized multidisciplinary clinic.5

Prognosis: Most affected individuals have normal to high 
intelligence and are able to be independent and employed. Life 
expectancy appears to be normal.
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1 . 1 3 B  D I S TA L  A RT H R O G RY P O S I S

Definition: Contractures and abnormal positioning of the distal limbs.

ICD9/ICD10: 754.89/Q74.3
Birth prevalence: 1/50,000

Syndrome Associations (Appendix)
Chitayat
Contractural arachnodactyly (FBN2)
Deafness camptodactyly (CATSAL, CATSHL)
Distal arthrogryposis, Shavel type
Distal arthrogryposis: IA (TPM2), IB (MYBPC1), 2A—
Freeman-Sheldon (MYH3), 2B—Sheldon-Hall (MYH3, 
TNNT3, TNNI2, TPM2), 3–Gordon (PIEZ02),  
5 (PIEZ02), 5D (ECEL1), 7 (MYH8), 9 (FBN2)
Dundar-Sonoda (TARP)
Marden-Walker (PIEZ02)
Trismus pseudocamptodactyly (MYH8)

Associated anomalies: ophthalmoplegia, deafness, 
scoliosis, cleft lip, cleft palate, intellectual disability in 
some types

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography by 12 weeks

Cause: Mendelian, mostly AD

Contractures and positional abnormalities of the hands and 
feet are obvious at birth (Fig. 1.13b.1). A large and very het-
erogenous group of syndromes have distal arthrogryposis as 
a manifestation.1-10 Accompanying nonmusculoskeletal find-
ings may assist in the diagnosis of some of these syndromes. 
Intrafamilial variability of expression makes clinical diag-
nosis difficult. New mutations are associated with advanced 
paternal age.

Treatment: Early physical therapy to mobilize contracted 
joints is often met with excellent results. Splinting and surgery 
may be needed for foot contractures.

Prognosis: Most affected individuals have very good prog-
nosis for mobility and independence.
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1 . 1 3 C  F E TA L  A K I N E S I A  P H E N O T Y P E

(Pena-Shokeir Phenotype, Fetal Akinesia Deformation Sequence)

Definition: Intrauterine growth restriction, generalized limb contractures, pulmonary hypoplasia, short gut, short umbilical 
cord, polyhydramnios, and craniofacial findings resulting from markedly decreased movement in utero.

ICD9/ICD10: 759.89/Q87.89 Syndrome Associations (Appendix)
Lethal congenital contractures 1 (GLE1)
Lethal congenital contracture s 2 (ERBB3)
Lethal congenital contracture s 3 (LCCS3)
Lethal lower motor neuron deficiency (PIP5KIC)
Lissencephaly with FAS (PAFAHIBI, RELN)

Birth prevalence: 1/10,000

Associated anomalies: CNS structural anomalies and 
dysfunction, cardiac anomalies, adrenal hypoplasia/
hyperplasia, thyroid hypoplasia/hyperplasia, GU 
structural anomalies, GI structural anomalies, laryngeal 
stenosis, abnormal lung lobation, skin anomalies

Laboratory studies: autopsy, gene sequencing

Prenatal diagnosis: ultrasonography by early 
midtrimester

Cause: Mendelian and unknown causes that impair fetal 
movement

Fig. 1.13b.1 Distal arthrogryposis type I with typical clenched fist appearance in newborn period (left) and residual contractures and ulnar deviation in older 
individuals (top and right).
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Failure to move in utero results in a large number of structural 
and functional abnormalities.1-3 Craniofacial manifestations 
include micrognathia, high nasal bridge, hypertelorism, and 
cleft palate. The lungs are hypoplastic and the intestines are 
short. Contractures may occur at any of the joints (Fig. 1.13c.1).

Failure of intrauterine movement is usually caused by mal-
formations of the brain. Lesser impairment in neuromuscu-
lar function may product subtle signs, usually in the form of 
hypotonia and mild joint contractures.

Treatment: No treatment has been successful in fetal akine-
sia. Infants with milder neuromuscular impairment may sur-
vive with respiratory and nutritional support.

Prognosis: Pulmonary hypoplasia usually leads to death in 
early life.
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1 . 1 3 D  P T E RY G I U M

(Pterygium Universale)

Definition: Arthrogryposis with cutaneous webbing across multiple joints at birth.

ICD9/ICD10: 756.89/Q79.8 Syndrome Associations (Appendix)
Bartsocas-Papas (RIPK4)
Escobar multiple pterygia, (CHRNG, CHRND, CHRNA1, 
RASPSN, DOK7)
Lethal multiple pterygia (CHRNG, CHRND, CHRNA1, 
RASPSN, DOK7)
Multiple pterygia, autosomal dominant
Multiple pterygia-malignant hyperthermia
Popliteal pterygia (IRF6)
Maternal antibodies to neurotransmitter receptor

Birth prevalence: Each type is relatively rare, ~1/100,000 
live births, multiple pterygia syndromes are the most 
common.

Associated anomalies: depending on type, 
cryptorchidism and genital webs, vertebral fusion 
anomalies, scoliosis, lumbar lordosis, short stature, cleft 
lip/palate, lip pits, deafness, pulmonary hypoplasia, 
malignant hyperthermia, nail anomalies.

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography detection of 
decreased movement and webs in the second trimester; 
CVS or amniocentesis possible if gene mutation is known.

Cause: Mendelian (AR, AD, XL)

Fig. 1.13c.1 22-week fetus with akinesia secondary to hydranencephaly. Note multiple contractures and marked micrognathia with associated cleft palate.
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There are many types of arthrogryposis with webs across limb 
joints at birth. The presence of webs across limb joints at birth 
implies very early cessation of movement in utero, but does 
not give a clue to specific etiology. It appears that the skin of a 
limb molds itself related to the movement of the limb. Without 
movement of a joint in flexion, the skin takes the shortest dis-
tance, forming a web (Fig. 1.13d.1). However, with physical 
therapy, stretching the range of movement, the web decreases, 
and the range of motion increases except in popliteal webs 
where surgery may be necessary.

Most types of multiple pterygia are genetic.1-8 The reces-
sive types are mainly related to defects in the neurotransmit-
ter receptors.9-11 Maternal antibodies against the receptors may 
produce the same phenotype. Popliteal pterygia is inherited 
as an autosomal dominant and is allelic to van der Woude 
syndrome.12,13

Treatment: Early mobilization of contractures is essen-
tial. Care must be taken in surgical release of pterygia to 
avoid injury to nerves or blood vessels within the webs. The 

disorders which affect the embryonic neural transmitter 
receptors seem to respond to tensilon type drugs. If maternal 
antibodies are present, they may respond to steroids during 
pregnancy.

Prognosis: Early fetal onset types also usually have pulmo-
nary hypoplasia and are lethal. The other types seem to do rea-
sonably well increasing range of motion in affected joints.
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2 | HANDS AND FEET

DAVID B. EVERMAN

IntROdUCtIOn

Malformations of the hands and feet have been extensively 
described and characterized, in large part because they occur 
commonly and are easily visualized by patients, family mem-
bers, and medical providers. The major categories of hand 
and foot malformations include extra digits (polydactyly), 
fused digits (syndactyly), short digits (brachydactyly), and 
deficient digits (oligodactyly), and the findings often mani-
fest in specific patterns. Hand and foot anomalies occur in 
isolation, in association with other limb abnormalities, and 
as component features of numerous syndromes. Many hand 
and foot malformations are heritable, frequently present-
ing as isolated traits that are transmitted in families through 
multiple generations. In such instances, affected persons may 
not seek medical attention for the malformations themselves, 
simply considering them to be the normal hands or feet for 
the family. In cases of cosmetically or functionally signifi-
cant malformations, or when they are associated with other 
physical or developmental abnormalities, patients are typi-
cally evaluated by primary care physicians, geneticists, and/
or orthopedists.

Like other limb malformations, hand and foot anomalies 
have numerous genetic and nongenetic causes, necessitating 
thorough prenatal, medical, and family histories, and a detailed 
physical examination in every case. Review of photographs, 
X-rays, and medical records is often helpful when the patient 
has already undergone surgical intervention. Examination of 
parents and other family members is frequently indicated to 
look for subtle hand and foot abnormalities that may not be 
reported. The importance of having patients and their relatives 
remove their shoes and socks for a careful foot examination 
cannot be overstated.

A N AT O M I C A L  E M B RY O L O G Y

By age six weeks, the hands and feet begin to be formed 
from expanded regions at the terminal end of each limb 
bud called the hand and footplates. Initially, these regions 
are covered by an intact apical ectodermal ridge (AER). By 
38  days, however, the AER is subdivided by programmed 
cell death (apoptosis) into five separate rays (Fig. 2.I.1). 
Each of these five segments continues to promote distal 

growth of each digit by maintaining a rapidly proliferating 
undifferentiated population of cells adjacent to the ridge. 
Several days later, another wave of apoptosis occurs in the 
interdigital spaces that further separates the digits, and by 
56 days digit separation is complete.

M O L E C U L A R  E M B RY O L O G Y

The molecular factors that regulate anterior-posterior pat-
terning of the limb bud are critical for specification of the 
digits. In particular, secretion of SHH from the zone of 
polarizing activity (ZPA) establishes a morphogen gradient, 
with expression increasing across the hand and foot in a pos-
terior to anterior direction. Digits are specified according 
to the concentration and/or duration of SHH activity, with 
the posterior digits having the highest threshold. Fibroblast 
growth factor (FGF) secretion in the AER continues to regu-
late distal elongation and segmentation of the digits. Bone 
morphogenetic protein (BMP) signaling through SMAD 
proteins contributes to the regulation of interdigital pro-
grammed cell death.1,2

CLassIFICatIOn and 
teRMInOLOGY

Descriptions of new disorders, expanded understanding of 
previously recognized conditions, and molecular advances 
have led to a continuing evolution in the classification and 
nomenclature of limb malformations. In this chapter clinical/
anatomic classifications will be utilized, many of which were 
proposed by Temtamy and McKusick, along with a discus-
sion of pertinent molecular discoveries with respect to each 
hand and foot malformation.3 It should be noted that an inter-
national group of experts on dysmorphology has worked to 
standardize much of the clinical terminology that is used to 
describe hand and foot malformations.4 This terminology is 
more descriptive than the traditional terminology (i.e., “short 
finger” vs. “brachydactyly”) and is utilized in some of the fol-
lowing entries. Nonetheless, it is still necessary to use much 
of the traditional terminology in the discussion of specifically 
named malformation patterns (i.e., “Brachydactyly type C”) 
affecting the hands and feet.
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2.1 POLYdaCtYLY

2 . 1 A  P R E A X I A L  P O LY D A C T Y LY

(Polydactyly of the Thumb or Hallux, Duplicated Thumb or Hallux, Triphalangeal Thumb, Anterior Polydactyly, Radial 
Polydactyly, Tibial Polydactyly)

Definition: Duplication of all or part of the first ray.

ICD9/ICD10: 755.01, 755.02/Q69.0, Q69.1, Q69.2 Syndrome Associations (Appendix)
Acrocallosal (KIF7)
Congenital anterolateral tibial bowing with ipsilateral 
polydactyly of the hallux
Diamond-Blackfan anemia (multiple genes)
Fanconi anemia (multiple genes)
Greig cephalopolysyndactyly (GLI3)
Holt-Oram (TBX5)
Hydrolethalus (HYLS1, KIF7)
Nager (SF3B4)
Orofaciodigital types I (OFD1), II, IV (TCTN3), VIII, and X
Rubinstein-Taybi (CREBBP, EP300)
SALL4-related disorders (SALL4)
Tibial hemimelia-polysyndactyly-triphalangeal thumbs/
Tibial hypoplasia with polydactyly/Werner mesomelia 
(Mutations of the ZRS)
Townes-Brocks (SALL1)
Triphalangeal thumb-polysyndactyly (Mutations/
duplications of the ZRS)
VACTERL
Trisomy 21
Velocardiofacial/DiGeorge (22q11.2 deletion)

Birth prevalence: 1/4,000–1/5,000 (majority are preaxial 
polydactyly type I)

Associated anomalies: postaxial polydactyly, syndactyly, 
clinodactyly, split-hand/foot malformation, clubfoot, 
tibial bowing or hypoplasia, esophageal atresia, low 
birthweight

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene or regulatory element 
sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian, 
environmental
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Fig. 2.I.1 Schematic of hand and foot development, showing location of the apical ectodermal ridge (open arrows) and zone of polarizing activity (closed arrows). 
A, 27 days; B, 32 days; C, 41 days; D, 46 days; E, 50 days; G, 28 days; H, 36 days; I, 46 days; J, 49 days; K, 52 days; L, 56 days. (Modified from Moore KL: The 
Developing Human, ed 4. WB Saunders, Philadelphia, 1988.)
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Preaxial polydactyly is characterized by a partially or fully 
formed extra digit located on the radial aspect of the hand 
or the tibial aspect of the foot.1 It occurs in a spectrum that 
includes a well-formed extra preaxial digit with/without dupli-
cation of the first metacarpal/metatarsal, an incompletely 
formed extra preaxial digit that is fleshy or contains bone, 
or a normal number of digits with the thumb and/or hallux 
having a broad/bifid tip or a partially duplicated nail. Notable 
exceptions include a triphalangeal thumb or duplicated second 
finger, both of which are classified within this spectrum even 
when unaccompanied by a duplication of the first ray along 
the anterior-posterior axis of the hand. Preaxial polydactyly is 
often associated with syndactyly, and the term polysyndactyly 
traditionally has been used to describe polydactyly as the pri-
mary malformation, with syndactyly as a variably associated 
finding. Based on the physical and radiographic findings, pre-
axial polydactyly is generally divided into four (although not 
all-inclusive) subtypes according to the classification scheme 
of Temtamy and McKusick,2 as follows:

Type I— a partially or completely duplicated biphalangeal 
thumb and/or hallux. The degree of polydactyly in the hands 
ranges from a broad or partially duplicated distal phalanx, 
to a completely duplicated distal phalanx articulating with a 
single proximal phalanx, to a complete, usually hypoplastic 
and nonfunctional extra biphalangeal thumb (Fig. 2.1a.1).2-4 
Underdevelopment of the thumb musculature and/or radial 
deviation of the distal thumb phalanx can be observed.3 
Triplication of the thumb is a rare presentation.3 The feet may 
be affected in a similar fashion. Radiographs show varying 
degrees of duplication of the thumbs and/or halluces. The distal 
phalanges can be broad, partially duplicated and fused, or com-
pletely duplicated and separate, with or without similar changes 
in the proximal phalanges. The first metacarpal or metatarsal 
may also be short, broad, or partially or completely duplicated.

Type II— a triphalangeal thumb, with or without a partial or 
complete duplication of the thumb or hallux. The thumb has 

three recognizable phalanges instead of two. It is longer than 
normal, oriented at an approximate 90-degree angle to the 
other digits, and usually opposable (Fig. 2.1a.2).5 The findings 
are frequently bilateral and symmetric.3 Radiographs reveal 
a middle phalanx of the thumb that is often rudimentary or 
delta shaped, but can be fully developed. There can also be var-
ious degrees of complete or partial duplication of the normal 
thumb phalanges and first metacarpal. A radiographic clue to 
a triphalangeal thumb versus a duplicated second finger is the 
presence of an epiphysis at the proximal end of the first meta-
carpal.5 Malik noted that when the thumb is triphalangeal, the 
first metacarpal may appear abnormally long and gracile and 
have epiphyses at both ends.3 The hallux and first metatarsal 
may also be duplicated to varying degrees. Accessory ossifi-
cations can be found near the metacarpal-phalangeal and 
metatarsal-phalangeal joints.

Type III— a duplicated second finger, with or without an addi-
tional biphalangeal or triphalangeal digit on the radial aspect 
of the hand (Fig. 2.1a.3). Hence, when the number of digits is 
normal, all of them are triphalangeal and the radial-most digit 
(which may be called a “thumb”) is in the plane of the other 
fingers and may or may not be opposable.2,6 Alternatively, 
the hand may have six digits, with the duplicated second fin-
ger situated between the normal second finger and a normal, 
rudimentary, hypoplastic, or partially duplicated thumb.2,7,8 
Buck-Gramcko referred to preaxial polydactyly type III as a 
form of thumb duplication and differentiated this condition 
from true duplications of the second finger, which constitute 
a rare form of central polydactyly.9 The toes can be normal, 
or the hallux or second toe may be duplicated.2,7 Radiographs 
reveal three phalanges in the duplicated finger. An important 
radiographic finding is a distal epiphysis of the metacarpal of 
the accessory digit.2,3,6

Type IV— broad, partially duplicated, or completely dupli-
cated thumbs and/or halluces with variable cutaneous syndac-
tyly of the other digits and postaxial polydactyly of the hands. 

Fig. 2.1a.1 Preaxial polydactyly type I. Schematic and radiograph show partial duplication of a biphalangeal thumb. Photos show a patient with a broad thumb and 
partially duplicated hallux.
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Fig. 2.1a.2 Preaxial polydactyly type II (triphalangeal thumb). Schematic shows three phalanges in thumb that is opposable. Radiograph shows opposable 
triphalangeal thumb on right hand of 7-year-old male. Distal phalanx of left hand is abnormally formed. (Courtesy of Dr. Charles I. Scott, Jr, A.I. DuPont Institute, 
Wilmington, DE.)

Fig. 2.1a.3 Preaxial polydactyly type III (polydactyly of index finger). Schematic and top photograph show a five-finger hand with a triphalangeal first digit. 
Photograph below shows opposable thumbs as well as duplication of the second finger. (Bottom photograph courtesy of Dr. Charles I. Scott, Jr, A.I. duPont 
Institute, Wilmington, DE.)
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The thumbs are usually broad, bifid, radially deviated, or flat-
tened (“spade-like”). There may be pedunculated postminimi 
(postaxial polydactyly type B) and/or cutaneous syndactyly of 
fingers III–IV. In the feet, there is complete or partial duplica-
tion of the first or second toes and variable syndactyly of toes 
II–V, most commonly toes II–III (Fig. 2.1a.4). Hallux varus 
may be present due to short, tibially deviated first metatarsal 
bones.2 Postaxial polydactyly of the feet can also occur, and 
well developed postaxial digits on both the hands and feet have 
been described.10,11 Hand radiographs usually demonstrate 
broad or bifid distal phalanges of the thumbs, which may also 
be dysplastic with a central hole.10 Foot radiographs demon-
strate varying degrees of duplication of the halluces and short, 
tibially deviated metatarsals.2 It should be noted that some 
cases of preaxial polydactyly type IV represent “crossed” poly-
dactyly, in which the extra digits are found on opposite sides of 
the hands relative to the feet.3,12 Crossed polydactyly is divided 
into type I  (postaxial in hands, preaxial in feet) and type II 
(preaxial in hands, postaxial in feet).3,12 Crossed polydactyly is 
usually syndromal but can occur as an isolated disorder with 
or without syndactyly of toes II–V.12,13

Among the four major types of preaxial polydactyly, type 
I  is by far the most common. Of 313 total cases of polydac-
tyly ascertained in an epidemiologic study in Pakistan from 
2007–2012, 48 percent were preaxial and 90 percent of these 
were type I, while 3 percent were type II, 2 percent were type 
III, and 5 percent were type IV.14 Orioli and Castilla studied the 
differences between hand and foot involvement in 715 cases 

of isolated preaxial polydactyly.4 They found that among type 
I cases (which accounted for 91 percent of the entire group), 
86  percent involved the hands only, 13  percent involved the 
feet only, and fewer than 1  percent involved both the hands 
and feet.4 They also found that thumb or hallux duplication 
was usually unilateral and more often right-sided.4 Similarly, 
in a recent study of over 2.5  million livebirths in Poland 
from 1998–2007, there were 459 isolated sporadic cases and 
57 familial cases of preaxial polydactyly type I.15 Of the spo-
radic cases, 95 percent involved the hands and 93 percent were 
unilateral, with a right-sided predominance in the unilateral 
cases.15 However, in this study sporadic preaxial polydactyly 
of the hallux tended to involve the left foot more often than 
the right.15

All four types of preaxial polydactyly can occur sporadi-
cally or can be inherited as autosomal dominant traits with 
variable expression and incomplete penetrance.2,3 In some 
cases polydactyly is the only finding, but syndactyly and clino-
dactyly are often present. In other cases preaxial polydactyly 
is part of a more complex limb malformation pattern, such as 
split-hand/foot malformation or duplication of the hallux with 
bowing or deficiency of the tibia. Polydactyly, including pre-
axial or combined preaxial and postaxial types, occurs in a vast 
number of syndromes.16 The most important molecular causes 
of preaxial polydactyly discovered thus far involve abnor-
malities of sonic hedgehog (SHH) signaling in the developing 
limbs and include mutations in GLI3 (an important mediator 
of SHH signaling) as well as mutations or microduplications of 

Fig. 2.1a.4 Preaxial polydactyly type IV (polysyndactyly). The upper photos show partial duplication of the halluces with syndactyly involving toes II-III and fingers 
III-IV. The lower photos show the broad thumbs and typical craniofacial features seen in Greig polysyndactyly syndrome.



118 |  H U M a n  M a L F O R M at I O n s  a n d  R e L at e d  a n O M a L I e s

a long-distance enhancer (called the ZRS, or ZPA-regulatory 
sequence) of SHH.3 The ZRS is located within an intron of the 
LMBR1 gene approximately 1 megabase away from SHH, and 
mutations or altered dosage of this element lead to misexpres-
sion of SHH in the developing limb bud, causing different hand 
and foot phenotypes including some isolated forms of preaxial 
polydactyly, as well as more complex limb malformations with 
preaxial polydactyly as one finding.

Preaxial polydactyly type I  is most often an isolated find-
ing in an otherwise healthy individual. The genetic basis is 
poorly understood, with extrinsic disturbances in the embry-
onic hand and foot plates conceivably playing a role.3 Most 
cases are sporadic, but autosomal dominant inheritance with 
variable expression and reduced penetrance also occurs.3,17,18 
In the study from Pakistan, only 21 percent of cases of preaxial 
polydactyly type I were familial, in contrast to the familial basis 
of most type II, III, and IV cases.14 In the large epidemiologic 
study from Poland, preaxial polydactyly type I was familial in 
only 11 percent of cases.15 Low birth weight was found to be the 
strongest risk factor for sporadic preaxial polydactyly type I, and 
several other factors showed statistically significant or sugges-
tive associations.15 Males were more commonly affected by both 
the sporadic and familial forms.15 Castilla et al. found only two 
familial cases among 24 cases of thumb polydactyly.19 In their 
large study, Orioli and Castilla found that 14 percent of persons 
with either thumb or foot duplication had one or more affected 
relatives and that penetrance was 9 percent in the thumb dupli-
cation group under an autosomal dominant model.4 The molec-
ular basis of this malformation is unknown, but a familial form 
of hallux duplication with clinodactyly has been associated with 
a 2q31 deletion.3 In approximately 20 percent of cases, preaxial 
polydactyly type I  is associated with other abnormalities.4,20 It 
has a statistically significant association with esophageal atresia 
and Down syndrome.20 It is also associated with more complex 
skeletal phenotypes, such as congenital anterolateral bowing of 
the tibia with ipsilateral polydactyly of the hallux, and is seen in 
a variety of syndromes.16,21 Preaxial polydactyly can be seen with 
thalidomide exposure, and a proximally placed duplicated hal-
lux is a marker for diabetic embryopathy.22

In contrast to preaxial polydactyly type I, the molecular 
causes of preaxial polydactyly type II and several overlapping 

phenotypes are well known, and all are related to abnormali-
ties of the ZRS. Point mutations in the ZRS have been found 
to cause isolated preaxial polydactyly type II in both humans 
and cats.23,24 Mutations of the ZRS also cause the Werner meso-
melic syndrome, which includes triphalangeal thumbs, tibial 
absence, and polydactyly, while ZRS mutations and duplica-
tions cause the triphalangeal thumb-polysyndactyly syndrome 
(TPT-PS), which includes triphalangeal thumbs, duplicated 
preaxial and postaxial digits, and syndactyly (Fig. 2.1a.5).25,26 
Triphalangeal thumbs are also seen in a number of syndromes, 
such as Townes-Brocks syndrome and Holt-Oram syndrome, 
and have been reported with teratogenic exposures including 
hydantoin and thalidomide.27,28

Isolated preaxial polydactyly type III is inherited as an 
autosomal dominant trait with high penetrance.2,6-8 The molec-
ular basis of the disorder is not well established, but a mixed 
phenotype of preaxial polydactyly types II and III was mapped 
to the same region of chromosome 7q36 that is responsible 
for preaxial polydactyly type II.29 Preaxial polydactlyly type 
III was reported in a syndrome comprising mild short stature, 
borderline intelligence, recurrent dislocation of the patellae, 
and polydactyly of the hands and feet with no recognizable 
thumbs or halluces.30

Preaxial polydactyly type IV is also inherited as an autoso-
mal dominant trait with clinical variability and high penetrance. 
Similar limb abnormalities occur in Greig cephalopolysyndac-
tyly syndrome (GCPS) (Fig. 2.1a.4), and the clinical distinction 
between the two disorders is not always clear.31 Preaxial poly-
dactyly type IV was shown to be allelic to GCPS when a GLI3 
mutation was identified in a family with this disorder.11 Findings 
similar to those of preaxial polydactyly type IV are also seen in 
the acrocallosal syndrome, an autosomal recessive disorder that 
has recently been attributed to mutations in KIF7.32

The epidemiology of preaxial polydactyly varies with 
the type. For isolated preaxial polydactyly type I, Orioli and 
Castilla found a prevalence of 2/10,000 in South America, 
with a male to female sex ratio of 1.5:1 for thumb duplica-
tion and 2:1 for hallux duplication.4 Similarly, Castilla et al. 
found a prevalence of 1.9/10,000 in Spain.33 Woolf and 
Myrianthopoulos found an equal incidence of 0.8/10,000 
for preaxial polydactyly among Caucasians and African 

Fig. 2.1a.5 Triphalangeal thumb-polysyndactyly syndrome. Note triphalangeal thumb, duplicated index finger, and extensive syndactyly. (Courtesy of Dr. Ellen 
Boyd, Fullerton Genetics Center, Asheville, NC.)
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Americans but did not specify the proportion of type I cases 
in each group.34 There was no sex difference in their study. 
Handforth reported 13 cases from among 5,842 Chinese 
prisoners in Hong Kong (22/10,000) while only one had 
postaxial polydactyly.35 Bingle and Niswander found an 
incidence of 2.5/10,000 in Native Americans and noted that 
the condition is 3–4 times more common in this popula-
tion than in Caucasians or those of African descent.36 In 
Chinese persons and Native Americans, the condition is also 
more common in males and is most often unilateral, nonfa-
milial, and restricted to the hands.35,36 In a recent study of 
over 2.5 million livebirths in Poland from 1998–2007, there 
were 516 total cases of preaxial polydactyly type I, giving a 
birth prevalence of 2 per 10,000.15

For preaxial polydactyly type II, Castilla et al. found a prev-
alence of 0.07/10,000 in Latin America and Spain, and Lapidus 
et al. estimated the prevalence of triphalangeal thumbs to be 
0.4/10,000 in a study of military draftees.33,37 There is no known 
sex or racial variation for this malformation.

Peaxial polydactyly type III is a rare condition. Bingle and 
Niswander did not observe any cases of the condition among 
their study of polydactyly in over 44,000 Native Americans.36 
Castilla et  al. found one sporadic case of the disorder with 
unilateral involvement among 188 cases of polydactyly ascer-
tained from 185,704 live births.19 In their large epidemiologic 
study of polydactyly in Latin America and Spain, Castilla et al. 
found 39 cases of 2nd digit duplication with a birth prevalence 
of 0.1 per 10,000.33 However, only 4 of 39 cases had findings 
consistent with a diagnosis of preaxial polydactyly type III. 
Many of the remaining cases had duplications of the second 
toe, which were more often unilateral.33

For preaxial polydactyly type IV, Castilla et al. observed 30 
isolated cases of crossed polydactyly (types I and II) in their 
large series and classified these as the same disorder as preax-
ial polydactyly type IV, giving an incidence of 0.007/10,000.33 
Woolf and Myrianthopoulos found one case of crossed poly-
dactyly type I among 25,126 African-Americans and no cases 
among 24,153 Caucasians.34 Many type IV cases are likely to 
represent mild expression of GCPS.

Treatment: For preaxial polydactyly of the hand, surgical 
correction is nearly always necessary. The ultimate goal is to 
create an acceptable cosmetic and functional result with a 
normal number of fingers and an opposable thumb. Specific 
surgical goals include stability, mobility, adequate size, and 
adequate shape to promote good grasping and pinching 
function and an optimal cosmetic appearance.38 The surgical 
approach is based upon a precise classification of the anatomy, 
and the schemes used by surgeons specifically denote the type 
and level of the duplication.38,39 In the frequently used clas-
sification scheme of Wassel, bifid or duplicated biphalangeal 
thumbs are classified as types I–VI depending on the level of 
the duplication, while triphalangeal thumbs are type VII.38,40 
Thumb polydactyly is usually corrected between one and 
two years of age.41 Most often, reconstruction of the domi-
nant thumb is performed in concert with removal of the less 
functional thumb.38 Depending on the type of preaxial poly-
dactyly and the level of the duplication, various techniques are 

used to address the bony, muscular, ligamentous, and other 
soft tissue elements. Satisfactory mobility largely depends on 
the integrity of the carpometacarpal joint, with movement at 
the more distal joints being less important.38 Combining the 
lateral portions of duplicate thumbs into a single thumb (the 
Bilhaut-Cloquet procedure) is used in some cases.38,40 The 
treatment of thumb polydactyly with a triphalangeal compo-
nent is complex and involves the use of different techniques, 
including acral transposition in which the proximal portion 
of one thumb is combined with the distal portion of another, 
or distal reconstruction with/without transfer into a position 
that permits better opposition.38 Angular deformity, instability, 
and loss of joint mobility are the most common complications 
of surgery for preaxial polydactyly, and some children require 
additional procedures as they grow.40 Stutz et  al. reported 
a reoperation rate of 19  percent in a cohort of patients who 
underwent an initial operation for preaxial polydactyly; the 
most common indication was joint instability with pain, and 
the average interval between the first and second surgeries was 
eight years.41 Preaxial polydactyly of the foot is also amenable 
to surgical treatment when indicated.

Prognosis: The prognosis of preaxial polydactyly depends 
on the nature and degree of the first ray duplication and other 
associated limb malformations. An ideal outcome in the hands 
is a cosmetic appearance that is as close to normal as possible, 
with a functional and fully opposable thumb. For syndromal 
forms of this malformation, the overall prognosis is more often 
dependent upon the type and severity of associated physical or 
developmental abnormalities.
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2 . 1 B  P O S TA X I A L  P O LY D A C T Y LY

(Polydactyly of the 5th Finger or 5th Toe, Duplicated 5th Finger or 5th Toe; Posterior Polydactyly, Ulnar Polydactyly; Fibular Polydactyly)

Definition: Duplication of all or part of the fifth ray. Alternatively, an expert working group on dysmorphology terminology 
has defined postaxial polydactyly as the “presence of a supernumerary digit that is not a thumb” when involving the hand and 
the “presence of a supernumerary digit that is not a hallux” when involving the foot.

ICD9/ICD10: 755.01, 755.02/Q69.0, Q69.2 Syndrome Associations (Appendix)
Acrocallosal (KIF7)
Acrofacial/acrodental dysostosis of Weyers/Curry-Hall (EVC1 
and EVC2)
Bardet-Biedl (multiple genes)
Basal cell nevus/Gorlin (PTCH1, PTCH2, SUFU)
Ellis-van Creveld (EVC1 and EVC2)
Greig cephalopolysyndactyly (GLI3)
Hydrolethalus (HYLS1, KIF7)
Joubert (multiple genes)
McKusick-Kaufman (MKKS)
Meckel (multiple genes)
Megalencephaly-capillary malformation-polymicrogyria 
[MCAP] (PIK3CA)
Megalencephaly-polymicrogyria-polydactyly-  
hydrocephalus [MPPH] (PIK3R2, AKT3, CCND2)
Orofaciodigital types II, III, IV (TCTN3), V (DDX59), 
VIII, and XI
Pallister-Hall (GLI3)
Short rib-polydactyly (multiple genes)
Smith-Lemli-Opitz (DHCR7)
Trisomy 13

Birth prevalence: Caucasians and Native 
Americans–1/1,000, African ancestry–1/50–1/100

Associated anomalies: preaxial polydactyly, mesoaxial 
polydactyly, syndactyly

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian
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Postaxial polydactyly is characterized by a partially or fully 
formed extra digit located on the ulnar aspect of the hand or 
the fibular aspect of the foot.1 The degree of development of 
the extra fingers and toes occurs in a spectrum that includes 
well-formed extra postaxial digits, incompletely formed extra 
postaxial digits that are fleshy or contain bone, or a normal 
number of digits with the fifth finger and/or fifth toe having 
a broad/bifid tip or a partially duplicated nail. Based on the 
physical and radiographic findings, postaxial polydactyly is 
generally divided into two subtypes according to the classifica-
tion scheme of Temtamy and McKusick,2 as follows:

Type A— a well formed digit. In the hand, an extra finger 
articulates with the lateral metacarpal surface (Fig. 2.1b.1, left). 
The digit is well formed and contains a nail but may be much 
smaller than the normal fifth finger, contains fewer than three 
phalanges, and varies in its angle of articulation and degree of 
function.3 A similar extra toe may be present. The findings can 
be unilateral or bilateral, and when bilateral they can be symmet-
ric or asymmetric. Hand radiographs usually demonstrate two 
or three phalanges in the extra finger, which articulates with the 
fifth metacarpal or with a bifid (Y-shaped) or accessory meta-
carpal. Foot radiographs demonstrate an extra digit articulating 
with the fifth metatarsal or with a bifid or accessory metatarsal.

Type B— a small nonfunctional digit (“pedunculated post-
minimus”). The extra digit is rudimentary and often consists 
of soft tissue but may contain bone and a nail.3 It can appear as 
a small protuberance or a more globular/cylindrical structure 
with a constricted base that attaches to the lateral border of the 
fifth digit via a skin bridge, usually between the proximal and 
distal flexion creases (Fig 2.1b.1, right). Most often, the mal-
formation is restricted to the hands but may involve the feet. It 
can be unilateral or bilateral and preferentially involves the left 
hand when unilateral.2

Postaxial polydactyly types A and B are traditionally classi-
fied as separate malformations but are not completely distinct. 
This is evident in families in which both phenotypes occur and 
in individuals who have variable manifestations in different 
limbs.2,4 Based upon extensive studies of postaxial polydactyly 
in Latin America, types A and B were considered to be arbitrary 
distinctions, particularly for the purpose of population-based 
analyses.4,5 The authors of these studies also questioned the 
generally accepted idea that postaxial polydactyly of the hands 
versus feet represent the same disorder.5 Through the Latin 
American Collaborative Study of Congenital Malformations, 
they found that among cases of isolated postaxial polydactyly, 
76 percent were confined to the hands, 16 percent were con-
fined to the feet, and 8 percent involved both the hands and 
feet.5 Polydactyly was more likely to be left-sided and present 
in first-degree relatives when isolated to the hands or when 
affecting the hands and feet together.5 Of 313 total cases of 
polydactyly ascertained in an epidemiologic study in Pakistan 
from 2007–2012, 52 percent were postaxial and 65 percent of 
these were type A, while 35 percent were type B.6 Among the 
type A cases, 21 percent involved the hands only, 50 percent 
involved the feet only, and 29 percent involved the hands and 
feet.6 Among the type B cases, the respective proportions were 

86 percent, 10 percent, and 4 percent.6 Overall, there was more 
frequent involvement of the left hand and foot.6

Castilla et al. found that 12 percent of postaxial polydac-
tyly cases are associated with other anomalies, and in one third 
of these cases the other anomalies are restricted to the limbs.7 
There is a statistically increased frequency of syndactyly, par-
ticularly involving toes II–III and IV–V.7 Malik noted that in 
type A, partial cutaneous syndactyly can involve fingers IV–V 
or V–VI and toes II–III or V–VI.3 Postaxial and preaxial poly-
dactyly can also occur together, as in “crossed” polydactyly, in 
which the extra digits are found on opposite sides of the hands 
relative to the feet.3,8,9 Crossed polydactyly is divided into type 
I  (postaxial in hands, preaxial in feet) and type II (preaxial 
in hands, postaxial in feet).3,8,9 This pattern is best exempli-
fied by preaxial polydactyly type IV and Greig cephalopoly-
syndactyly syndrome (Entry 2.1a). Postaxial and mesoaxial 
polydactyly also occur together, as in the Pallister-Hall and 
McKusick-Kaufman syndromes.

The inheritance pattern of isolated postaxial polydactyly has 
been a subject of debate. Temtamy and McKusick indicated that 
types A and B are usually inherited as autosomal dominant traits 
with reduced penetrance and variable expression.2 Castilla et al. 
estimated the penetrance of type A as 0.68 and of type B as 0.43.10 
Autosomal recessive inheritance has also been described.2,11 In 
the study from Pakistan, 43 percent of cases of postaxial polydac-
tyly were familial in contrast to only 21 percent of preaxial poly-
dactyly cases.6 When analyzed by type, 48 percent of type A cases 
and 35 percent of type B cases were familial, and in the familial 
cases the polydactyly was bilateral 70 percent of the time in type 
A and 55 percent of the time in type B.6 Studies of postaxial poly-
dactyly at the population level suggest that it is a multifactorial 
trait.4 Thus far, six major gene loci for postaxial polydactyly (PAP) 
have been identified, including PAPA1/PAPB at chromosome 
7p14.1, PAPA2 (13q21-q32), PAPA3 (19p13.2-p13.1), PAPA4 
(7q22), PAPA5 (13q13.3-q21), and PAPA6 (4p16.3). Inheritance 
is autosomal dominant at the first four loci and autosomal reces-
sive at the last two. The most important of these is the PAPA1/
PAPB locus, at which mutations in GLI3, an important mediator 
of sonic hedgehog signaling across the anterior-posterior limb 
axis, are the underlying genetic cause for both the type A pheno-
type and a mixed type A/B phenotype.12-14 GLI3 mutations have 
also been associated with isolated postaxial polydactyly type 
B. The presence of GLI3 mutations in families with type A, type 
B, and a mixture of both types indicates that these malformations 
are allelic and represent a spectrum of developmental abnormali-
ties affecting the fifth rays.

Postaxial polydactyly type A was mapped to the PAPA2 locus 
at chromosome 13q, and this region was later narrowed by the 
identification of an approximate 5.6 Mb de novo inverted duplica-
tion of chromosome 13q31.3-q32.1 in a child with bilateral post-
axial polydactyly of the hands, macrocephaly, a preauricular tag, 
and an anteriorly placed anus.15,16 The polydactyly was thought to 
be related to a dosage effect in this region, and GPC5 and GPC6 
were considered to be candidate genes.15,16 Recently, the candidate 
region for polydactyly at this locus was significantly narrowed by 
the discovery of a 900 kb de novo 13q31.3 microduplication in a 
proband and mother with postaxial polydactyly, overgrowth, and 
autistic traits; the duplication involved a micro RNA cluster and 
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a portion of GPC5.17 Mixed type A/B phenotypes were mapped 
to the PAPA3 and PAPA4 loci, but the responsible genes are not 
known.18,19 An autosomal recessive form of postaxial polydactyly 
was mapped to the PAPA5 locus in a consanguineous Pakistani 
family in which two brothers and two sisters had bilateral postax-
ial polydactyly involving the hands and feet, but analysis of can-
didate genes in the region did not identify the underlying genetic 
cause.20 In contrast, a homozygous missense mutation in ZNF141 
at the PAPA6 locus was identified by a combination of linkage 
mapping and exome sequencing in a consanguineous Pakistani 
family with postaxial polydactyly type A; in addition to having 
extra small but well-formed postaxial digits on the hands and 
feet, some individuals also had a deviated and wide fifth finger 
due to partial phalangeal duplication.21

Many cases of postaxial polydactyly are associated with 
known syndromes or multiple congenital anomaly patterns of 
unknown cause. Numerous syndromes have postaxial poly-
dactyly or combined postaxial and preaxial polydactyly as a 
feature.22 Among these, Castilla et  al. found that Trisomy 13 
and Meckel syndrome were the most frequent.7 When known 
syndromes were excluded from their analysis, postaxial 
polydactyly was not positively associated with any nonlimb 
anomaly but was negatively associated with spina bifida, hydro-
cephaly, congenital heart disease, and anal atresia.7 The high-
est frequency of associated anomalies occurs when both the 
hands and feet are affected.5 GLI3 mutations are an important 
cause of postaxial polydactyly in GCPS and Pallister-Hall syn-
drome. Recent molecular discoveries have shown that abnor-
malities of ciliary function underlie a number of syndromes 
with postaxial polydactyly, such as the Meckel, Bardet-Biedl, 
McKusick-Kaufman, and Joubert syndromes.23

A number of studies have investigated the epidemiology of 
postaxial polydactyly, which is the most common type of poly-
dactyly and is approximately 10 times more frequent in per-
sons of African ancestry than in Caucasians. Scott-Emuakpor 
and Madueke found an overall prevalence of 225/10,000 in 
Nigerians, with a 1.5:1 male to female sex ratio.24 Bingle and 
Niswander reported an incidence of 10.7/10,000 in Native 
Americans.25 Woolf and Myrianthopoulus found an inci-
dence of 135/10,000 in African Americans and 12/10,000 in 
Caucasian Americans.26 The most extensive study was by 
Castilla et  al., who found 6,912 cases of polydactyly among 

over four million births.27 Postaxial polydactyly accounted for 
the vast majority (5,345) of cases with a rate of 6–15/10,000 
depending upon the ethnic background of the population.27 
Orioli28 found that there was segregation distortion in post-
axial polydactyly, with greater transmission of the trait to the 
offspring of affected fathers with African background.

Treatment: The treatment of postaxial polydactyly is based 
upon whether it is type A or B.29,30 In type B, the method of 
removal depends on the width and thickness of the base of the 
extra digit.31 When the size is excessive, surgical removal under 
anesthesia is preferred. When the base is thin, suture ligation 
is often used but can cause complications, including occasional 
necrosis of the digit without its falling off, as well scarring and 
neuroma formation in up to 23 percent of cases.31-33 If the level 
of ligation is too far distal, there may be a residual prominence 
on the hand that necessitates elective surgical revision.29-33 An 
alternative method is the application of two or three small 
surgical clips around the stalk as close to the hand as pos-
sible following the use of local anesthetic; the hand is then 
bandaged and the infant is given acetaminophen as needed 
for pain control.31 Mills et al. reported a series of patients in 
which this technique was used from two to 40 weeks of age 
(average of eight weeks) and found that the procedure was 
cost-efficient, safe, and successful, with a need for subsequent 
revision for residual scarring in only 7  percent of cases.31 In 
postaxial polydactyly type A  involving the hands, the surgi-
cal approach depends upon the level of the duplication. As a 
general rule, the extra ulnar elements are removed in favor of 
more well-developed radial elements.29,30 If there are osseous 
connections, then sufficient bone must be removed to pre-
vent excessive prominence of the lateral side of the hand that 
is cosmetically unacceptable. When there is complete bone, 
tendon, and soft tissue attachment, reconstruction of a normal 
fifth finger may require transfer of the muscle and ligamentous 
attachments from the excised ulnar digit in order to provide 
stability and function.29,30 Surgery for postaxial polydactyly of 
the foot often involves removal of either the lateral-most toe or 
removal of the toe medial to it with placement of a skin graft.34

Prognosis: The prognosis of postaxial polydactyly depends on 
the nature and degree of the fifth ray duplication and other asso-
ciated digital malformations, particularly in the hands. An ideal 
outcome is a cosmetic appearance that is as close to normal as pos-
sible, with good hand function. In syndromal forms of this malfor-
mation, the overall prognosis most often depends on the type and 
severity of associated physical or developmental abnormalities.
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2 . 1 C  M E S O A X I A L  P O LY D A C T Y LY

(Central Polydactyly, Insertional Polydactyly, Intercalary Polydactyly)

Definition: Partial or complete duplication of one or more of the central rays of the hand or foot.

ICD9/ICD10: 755.01, 755.02/Q69.0, Q69.2 Syndrome Associations (Appendix)
Bardet-Biedl type 17 (LZTFL1)
Ellis-van Creveld (EVC1 and EVC2)
McKusick-Kaufman (MKKS)
Mesoaxial hexadactyly-cardiac malformation
Orofaciodigital type VI (C5orf42, TMEM216, MKS2)
Pallister-Hall (GLI3)

Birth prevalence: unknown

Associated anomalies: syndactyly; also occurs as 
a component of other hand/foot malformations 
(syndactyly type II, preaxial polydactyly type III, 
split-hand/foot malformation)

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian (AD)

This malformation is characterized by a partially or fully formed 
extra digit that is not clearly preaxial or postaxial in its location 
and thus appears to arise from duplication of the second, third, 
or fourth ray. Alternatively, an expert working group on dys-
morphology terminology has defined mesoaxial polydactyly as 
the “presence of a supernumerary finger or toe (not a thumb 
or hallux) involving the third or fourth metacarpal/tarsal with 

associated osseous syndactyly.”1 In the hands, the fourth ray is 
most frequently involved, followed by the third and then the 
second.2,3 The degree of duplication of a finger or toe can vary, 
the extra digit may or may not be associated with a partially or 
completely duplicated metacarpal or metatarsal, and the latter 
finding may occur in the absence of duplicated phalanges. It is 
important to note that some forms of polydactyly that could 
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technically be considered mesoaxial are classified separately. 
For example, duplication of the index finger is classified as pre-
axial polydactyly type III (see Entry 2.1a), and, except in this cir-
cumstance, mesoaxial polydactyly is not described in Temtamy 
and McKusick’s classification of polydactyly.4 Moreover, most 
duplications of the fourth finger occur in syndactyly type II, a 
form of “synpolydactyly” in which there is syndactyly of fingers 
III–IV and toes IV–V with a partially duplicated digit in the 
syndactylous web (Entry 2.2b).4

Nonetheless, mesoaxial duplications do occur as isolated 
malformations that are not classified elsewhere, although they 
are frequently accompanied by other hand or foot abnormalities, 
especially cutaneous and osseous syndactyly. Much of the infor-
mation about this type of polydactyly comes from the orthope-
dic literature. Buck-Gramcko distinguished “true duplications” 
of the second finger from preaxial polydactyly type III, which 
was considered a form of thumb duplication (see Entry 2.1a).5 
In true duplications of the second or third fingers, there is usu-
ally a complete duplication of one or more phalanges. The extra 
phalanges often articulate with a normal underlying phalanx or 
metacarpal bone. In some cases, there is distal separation of the 
duplicated phalanges with a broad, synostotic, or bifid appear-
ance of the more proximal phalanx on hand radiographs. In 
other cases, all phalanges of a given digit are duplicated and artic-
ulate with a broad, bifid, or Y-shaped metacarpal bone.3 Rarely, 
the entire digit and metacarpal are completely duplicated, and 
manipulation of the metacarpals in a dorsal-palmar direction 
is a clinical maneuver that can help distinguish a separate meta-
carpal bone from osseous metacarpal syndactyly in association 
with a centrally duplicated digit.1 In the most rudimentary form, 
there is an extra soft tissue mass with no skeletal components.3,6 
Mesoaxial polydactyly can also be “hidden”, as with a partially 
duplicated metacarpal or metatarsal in the absence of an extra 
digit, or supernumerary phalanges within a syndactylous web, 
thus mandating radiographs for its detection (Fig. 2.1c.1).

In their analysis of rare polydactylies, Castilla et  al. 
observed 34 cases of second digit duplication, 11 cases of third 
digit duplication, and 19 cases of fourth digit duplication.7 The 
latter group was separate from cases classified as synpolydac-
tyly, and none of these duplications was accompanied by other 
nonlimb anomalies. The feet were more frequently affected 
than the hands with respect to second and third digit duplica-
tions. Only four cases of second digit duplication were classi-
fied as preaxial polydactyly type III.7

Mesoaxial polydactyly can occur in isolation, as part of 
preaxial polydactyly type III or syndactyly type II, or in asso-
ciation with other limb manifestations. Notably, some cases 
of mesoaxial polydactyly are associated with split-hand/foot 
malformation, in that the hand or foot contains one or more 
extra metacarpals/metatarsals but is missing at least one cen-
tral finger or toe.8 Some individuals can also have a split-hand 
malformation accompanied by mesoaxial polydactyly in the 
contralateral hand.9 De Smet reported a combined phenotype 
of mesoaxial and preaxial polydactyly of the feet.10

The genetic basis of isolated mesoaxial polydactyly is not 
well understood. Some of the cases in the series reported by 
Castilla et  al. were familial, as were some cases described in 
the orthopedic literature, and autosomal dominant inheritance 

has been reported.2,5,7 However, the high rate of syndactyly in 
familial cases makes it difficult to distinguish whether such 
cases are etiologically distinct from syndactyly type II.11 Persons 
with unusual variants of syndactyly type II in association with 
atypical HOXD13 mutations have helped shed light on the 
molecular basis of mesoaxial polydactyly in some cases. In its 
classic form, syndactyly type II is caused by expansion of an 
imperfect trinucleotide sequence encoding a polyalanine tract 
within HOXD13, but other types of mutations can cause vari-
ant phenotypes featuring mesoaxial polydactyly.12,13 Goodman 
et al. reported two families with a novel autosomal dominant 
foot malformation characterized by bilateral partial duplica-
tion of the bases of the second metatarsals and occasionally 
the fourth metatarsals.14 This was accompanied by broad hal-
luces, short metatarsals, brachydactyly and symphalangism of 
the toes, and more classical manifestations of syndactyly type 

Fig. 2.1c.1 Central polydactyly associated with syndactyly (synpolydactyly). 
Radiographs demonstrate variable bilateral duplications of the phalanges of 
the fourth fingers and soft tissue syndactyly of the third and fourth fingers. Also 
note partial duplication of the left third metacarpal and an accessory bone 
between the distal right third and fourth metacarpals.
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II in some persons. The condition was caused by intragenic 
deletions of HOXD13 in both cases.14 Kan et  al. identified a 
splice-site mutation in HOXD13 in a family with a similar phe-
notype but without classic features of syndactyly type II except 
for one person with unilateral syndactyly of fingers III–IV.15 
HOXD13 mutations can also cause mesoaxial polydactyly as 
part of a phenotype that overlaps brachydactyly type E (Entry 
2.3g). For example, Caronia et al. found a missense mutation 
in the HOXD13 homeodomain in an autosomal dominant 
phenotype comprising brachydactyly affecting the distal fin-
ger phalanges, middle toe phalanges, and third through fifth 
metacarpals and metatarsals.16 Two family members also had 
bilateral partial duplications of the fourth fingers. Similarly, in 
one family reported by Johnson et al. a missense mutation in 
the homeodomain of HOXD13 was associated with a variable 
hand/foot phenotype that included partial lateral phalangeal 
duplication of the fourth fingers with III–IV syndactyly, severe 
shortening of the third metacarpals, short or absent distal pha-
langes of the fifth fingers and toes, and distal symphalangism 
of the fifth toes.17

Although polydactyly occurs in a vast number of syn-
dromes, the mesoaxial type occurs in only a few of them; thus, 
its presence warrants careful consideration of a syndromal 
cause.18 Mesoaxial polydactyly with a Y-shaped metacarpal 
bone is a hallmark feature of orofaciodigital syndrome type 
VI (Varadi-Papp syndrome), which also causes preaxial and 
postaxial polydactyly and a variety of other findings. Recently 
proposed diagnostic criteria for this disorder include the 
obligate finding of a molar tooth sign accompanied by either 
mesoaxial polydactyly, characteristic oral manifestations, and/
or a hypothalamic hamartoma.19 Mesoaxial polydactyly with/
without postaxial polydactyly also occurs in several other syn-
dromes, most notably the Pallister-Hall, Ellis-van Creveld, and 
McKusick-Kaufman syndromes. Like most of these disorders, 
Bardet-Biedl syndrome is associated with aberrant ciliary 
function, but mesoaxial polydactyly had not been described 
until the recent identification of mutations in LZTFL1 in two 
families, thus suggesting that this type of polydactyly may be a 
specific marker for mutations in this gene.20 A syndromal form 
of mesoaxial polydactyly associated with cardiac malforma-
tions was described in a brother and sister in a single family.21

From the study of Castilla et  al., mesoaxial polydactyly 
appears to be a very rare malformation.7 Similarly, among 313 
cases of polydactyly ascertained in an epidemiologic study in 
Pakistan from 2007–2012, only a few cases of mesoaxial poly-
dactyly were described.22

Treatment: The goal of surgery for mesoaxial polydactyly 
of the hand is to achieve a cosmetically acceptable and func-
tional result.3,11 The operative plan and ultimate outcome 
depend on the anatomy of the bones, joints, soft tissues, and 
tendons; the presence and degree of syndactyly; and the func-
tion of the duplicated digit.11 Guo et al. suggested that surgery 
should begin at age 6–12 months in order to avoid the devel-
opment of contractures and angular deformity during normal 
growth.3 However, surgery for mesoaxial polydactyly often has 

an unsatisfactory outcome, including functional impairment 
and flexion contractures, especially when the goal is to create 
a five-fingered hand.3,6,11 Thus, a more reasonable objective is 
to remove the abnormally duplicated/fused components and, 
if necessary, aim for a four-fingered hand with an opposable 
thumb and optimal function.3,11

Prognosis: The prognosis of mesoaxial polydactyly depends 
on the nature and degree of the digit duplication and other asso-
ciated malformations, most often syndactyly. Unfortunately, 
the prognosis for a good surgical outcome in the hand is some-
what guarded. In syndromal forms of this malformation, the 
overall prognosis usually depends on the type and severity of 
associated physical or developmental abnormalities.
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2.2 sYndaCtLYLY

2 . 2 A  S Y N D A C T Y LY   T Y P E   I

(Zygodactyly)

Definition: Failure of complete separation of the third and fourth fingers and/or second and third toes.

ICD9/ICD10: 755.11, 755.13/Q70.10, Q70.30 Syndrome Associations (Appendix)
Craniosynostosis, Philadelphia type (dup 2q35)
Scott craniodigital
Smith-Lemli-Opitz (DHCR7)
Split-hand/foot malformation
Syndactyly of fingers III–IV with nystagmus (dup 2q31)
Timothy (CACNA1C)
Triploidy

Birth prevalence: 1/2,500–1/5,000

Associated anomalies: camptodactyly, clinodactyly, 
craniosynostosis, nystagmus

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian, 
microduplications

The characteristic appearance of syndactyly type I  is com-
plete or partial cutaneous syndactyly of the third and fourth 
fingers and/or second and third toes (Fig. 2.2a.1).1-3 Osseous 
fusion of the distal phalanges of fingers III–IV can also occur. 
The syndactyly can manifest in variant patterns, such as web-
bing of fingers II–III, III–V, or II–V and toes II–IV, I–IV, 
or I–V.1-5 The fusion can be unilateral or bilateral and can 
affect the hands and/or feet. The feet are affected more fre-
quently than the hands, and although the term zygodactyly 
has been used as a synonym for syndactyly type I, by strict 
definition this term only refers to cutaneous webbing of toes 
II–III.2,3 Mild syndactyly between toes II–III involving up to 
one-third of the web space is generally considered a common 
anatomical variant rather than a significant abnormality of 
limb morphogenesis.

Four subtypes of syndactyly type I have been proposed, 
including type I-a (zygodactyly), type I-b (cutaneous/osse-
ous fusion of fingers III–IV and cutaneous fusion of toes 
II–III), type I-c (cutaneous/osseous fusion of fingers III–IV 
without foot involvement), and type I-d (cutaneous fusion 
of toes IV–V).2,3 It should be noted that type I-d does not 
fit with the general anatomic definition of syndactyly type 
I.  Radiographs in persons with syndactyly type I  typically 
demonstrate soft tissue webbing of the involved fingers and 
toes and variable bony fusion of the distal phalanges of fin-
gers III–IV.

While syndactyly type I can be associated with other digi-
tal abnormalities, such as clinodactyly and camptodactyly, it 
is most often an isolated hand/foot finding in an otherwise 
healthy individual. It is inherited as an autosomal dominant 
trait with variable expression and incomplete penetrance. 
The first gene locus for this malformation (specifically type 
I-b) was mapped to chromosome 2q34-36 in two unrelated 
families,4,5 and a syndrome comprising sagittal craniosynos-
tosis and syndactyly of fingers II–V and toes I–V (cranio-
synostosis Philadelphia type) was later mapped to the same 

locus.6 It was subsequently demonstrated that both pheno-
types are caused by 2q35 microduplications (48–59 kb in 
size) that overlap a common region upstream of the IHH 
gene containing a highly conserved sequence, which may 
function as a long-range enhancer controlling IHH expres-
sion.7 A different locus for type I-a (zygodactyly) was mapped 
to 3p21.31.2 Abnormalities of the HOXD cluster have also 
been implicated in syndactyly type I.  In two Chinese fami-
lies, syndactyly type I-c was recently attributed to different 
missense mutations affecting the same codon of HOXD13, 
and a 3.8 Mb duplication involving 2q31.1-q31.2 and encom-
passing the entire HOXD cluster was identified in a father 
and daughter with bilateral cutaneous syndactyly of fingers 
III–IV and nystagmus.8,9 Other complex disorders associated 
with webbing of fingers III–IV include triploidy and vari-
ous forms of split-hand/foot malformation (SHFM), while 
fusion of toes II–III is commonly seen in Smith-Lemli-Opitz 
syndrome. The Scott craniodigital syndrome causes a hand/
foot phenotype resembling syndactyly type I  in association 
with intellectual disability, microcephaly, and characteristic 
facial features. It is also important to note that variable syn-
dactyly of fingers II–V and syndactyly of toes II–III occurs in 
Timothy syndrome, warranting consideration of an ECG to 
screen for a prolonged QTc interval.

Webbing of fingers III–IV and/or toes II–III are the 
most common forms of isolated hand and foot syndactyly, 
respectively.10 In a Latin-American population, Castilla et al. 
estimated the frequency of finger III–IV syndactyly to be 
3/100,000; of toe II–III syndactyly to be 12/100,000; and of 
all cases that would fit into the syndactyly type I  category 
to be 17/100,000.10 They also found a 2.5:1 ratio of males 
to females with isolated II–III toe syndactyly.10 Similarly, in 
familial cases of isolated II–III toe syndactyly, a 2:1 ratio of 
affected males to females was noted.11 In other studies, the 
incidence of isolated toe syndactyly was 16/10,000 among 
4,412 American (predominantly Caucasian) newborns and 
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1.3/10,000 among over 52,000 births in Scotland.12,13 More 
recent literature suggests that the prevalence of syndac-
tyly type I is 3/10,000 and that II–III toe syndactyly affects 
4/10,000 men and accounts for 70 percent of all isolated syn-
dactyly cases.2,3

Treatment: Treatment is surgical and involves normaliza-
tion of both function and appearance, particularly in the 
hands. Release of syndactyly generally requires the use of 
full-thickness skin grafts.14 The outcome of syndactyly release 
involving the third finger is generally better when deferred 
until after age 18 months.14 If multiple digits are involved, it 
is recommended that the border digits be released first, with 
subsequent releases done six months later.14 Correction of syn-
dactyly involving toes II–III is not generally necessary from a 
functional standpoint.

Prognosis: With appropriate surgical correction in the 
hands, the prognosis of syndactyly type I is usually good.
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Fig. 2.2a.1 Syndactyly type I. Schematic (A) and photographs (B–D) show syndactyly of fingers III and IV and toes II and III.
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2 . 2 B  S Y N D A C T Y LY  T Y P E   I I

(Synpolydactyly)

Definition: Failure of complete separation of the third and fourth fingers and/or fourth and fifth toes, often with a partially or 
completely duplicated digit within the skin web.

ICD9/ICD10: 755.01, 755.02, 755.11, 755.13/Q69.0, 
Q69.2, Q70.10, Q70.30

Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: hypospadias

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

The syndactyly in this disorder typically involves fingers 
III–IV and toes IV–V (Fig. 2.2b.1).1-4 The condition is a form 
of “synpolydactyly” (SPD) in that a complete or partial extra 
digit is often present within the syndactylous web.1-4 Thus, the 
polydactyly is mesoaxial (central), although it is also often 
described as postaxial in the feet.2 Marked variability in the 
clinical manifestations is observed.2 In both the hands and feet, 
the findings can range from partial soft tissue syndactyly to 
complete digit duplication.3-4 The syndactyly can also involve 
fingers III–V or IV–V and/or toes II–III or II–V. A wide vari-
ety of minor manifestations occur, including brachydactyly or 
clinodactyly of the fifth fingers, symphalangism or camptodac-
tyly of fingers I, II, or V, broad halluces, wide spaces between 
toes I–II, partial extra bones between metatarsals I–II or IV–V, 
clinodactyly or brachydactyly of toes II–V with underdevel-
oped or absent middle phalanges, and overriding fourth or 
fifth toes.2 Abnormal digital flexion creases represent the mild-
est clinical presentation.2 The condition can involve one to four 
limbs, and asymmetric findings are common.3,4 Radiographs 
reveal varying degrees of polydactyly with partial or complete 
duplication of phalanges at different levels. The extra digit can 
arise from a separate metacarpal/metatarsal bone or share a 
broad or partially duplicated metacarpal/metatarsal with an 
adjacent digit. The duplication can start more distally with a 
broad or bifid proximal phalanx. The middle and distal pha-
langes of digits contained in the syndactylous web can be 
hypoplastic or absent. Occasionally, the polydactyly is repre-
sented only by a partial duplication of one phalanx, giving the 
appearance of an extra wedge of bone.

Based on a detailed phenotypic analysis of reported cases, 
Malik and Grzeschik delineated and provided diagrams of 
three major categories of clinical involvement in SPD:  cat-
egory A, with typical manifestations; category B, with minor 

variations in the hands and feet, many of which are described 
above; and category C, which encompasses unusual pheno-
types such as postaxial polydactyly of the hands, preaxial poly-
dactyly of the feet, and brachydactyly resembling types C, D, 
and E.2 Some of the minor findings in category B also overlap 
those of other, separately classified hand and foot malforma-
tions. For example, syndactyly type II can present with minor 
digital shortening, resembling brachydactyly types A2 and A3. 
It can also present with webbing of toes II–III or of fingers 
III–IV without associated polydactyly, resembling syndactyly 
type I. In the latter situation, radiographs may demonstrate a 
subtle degree of partial digit duplication in the hands that dif-
ferentiates the two conditions.

Syndactyly type II is usually an isolated hand/foot find-
ing in an otherwise healthy individual but can be associated 
with hypospadias in males. Its inheritance pattern is autosomal 
dominant with incomplete penetrance.1-4 When accounting for 
minor manifestations, the overall penetrance is approximately 
95  percent.2 The responsible gene in the majority of cases is 
HOXD13 at chromosome 2q31. HOXD13 is a transcription 
factor expressed in the limb bud and involved in digital pat-
terning and growth.3 Most mutations causing syndactyly type 
II are expansions of an imperfect trinucleotide repeat normally 
encoding 15 successive alanine residues.2-5 Expansions result-
ing in 7 to 14 extra alanines have been described in persons 
with syndactyly type II.3-5 They are believed to interfere with 
normal HOXD13 signaling through a dominant negative 
mechanism and remain stable through many generations, in 
contrast to other trinucleotide repeat expansions associated 
with human disease.3-5 Increasing expansion size correlates 
with the degree of penetrance and more severe clinical mani-
festations, including combined hand and foot involvement, 
the presence of duplicated digits, and a more proximal level 
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of digit duplication.3,5 Males with the largest expansions (14 
extra alanine residues) also have hypospadias.3,4 A severe limb 
phenotype is also seen in these individuals, including the most 
severe findings of syndactyly type II accompanied by broad 
and radially deviated thumbs with short metacarpals, enlarged 
capitate bones, and broad halluces.3 More severe hand and foot 
abnormalities have also been described in persons who are 
homozygous for expansions in HOXD13.2-4,6 A variety of other 
types of HOXD13 mutations have been described, including 
deletions of the polyalanine tract, loss-of-function and mis-
sense mutations involving the homeodomain, and missense 
mutations outside of the homeodomain.2,5 While some of 
these mutations are associated with SPD, variant phenotypes 
occur, including SPD with an unusual foot phenotype caused 
by loss-of-function mutations. Some mutations are associated 
with non-SPD phenotypes, such as syndactyly type V and 
brachydactyly types A1, A3, C, D and E.2,5 It has been difficult 

to define clear genotype-phenotype correlations between the 
category of clinical involvement and the class of mutation.2,5

Syndactyly type II caused by mutations in HOXD13 is 
subclassified as “synpolydactyly type 1” (SPD1).2,5 Rare over-
lapping phenotypes have been attributed to different loci and 
classified as SPD2 and SPD3.2,5 The differential diagnosis of 
syndactyly type II also includes syndactyly type I and the afore-
mentioned forms of isolated brachydactyly. Jawad syndrome is 
an autosomal recessive disorder featuring microcephaly, intel-
lectual disability, and digit anomalies including syndactyly of 
toes IV–V in one family and synpolydactyly in another family. 
Although III–IV finger syndactyly can occur in Greig cephalo-
polysyndactyly syndrome, the pattern of polydactyly is usually 
quite different. Ellis-van Creveld syndrome can occasion-
ally present with mesoaxial polydactyly together with heart 
and skeletal abnormalities, although the polydactyly is more 
often postaxial. Mesoaxial polydactyly can also be part of the  

A B

C

Fig. 2.2b.1 Syndactyly type II. Schematic (A) shows syndactyly and polydactyly of central digits of the hand and lateral digits of the foot. Photograph of hands 
(B) show affected female twin before surgery on the left. Brother and other twin on the right are after surgery. Postaxial syndactyly and polydactyly of foot  
(C) are also shown.
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McKusick-Kaufman syndrome and orofaciodigital syndrome 
type VI (Varadi-Papp syndrome).

The incidence of syndactyly type II is uncertain. Mutations 
in HOXD13 have been identified in more than 40 families.5

Treatment: Treatment is surgical and involves normaliza-
tion of both function and appearance, particularly in the 
hands. Release of syndactyly generally requires the use of 
full-thickness skin grafts.7 The outcome of syndactyly release 
involving the third finger is generally better when deferred 
until after age 18  months.7 If multiple digits are involved, it 
is recommended that the border digits be released first, with 
subsequent releases done 6 months later.7 Correction of syn-
dactyly involving toes IV–V is not generally necessary from 
a functional standpoint, but a partially duplicated digit in the 
skin web may require surgery.

Prognosis: With appropriate surgical correction in the 
hands, the prognosis of syndactyly type II is usually good.
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2 . 2 C  S Y N D A C T Y LY  T Y P E   I I I

(Syndactyly, Johnston-Kirby Type)

Definition: Failure of complete separation of the fourth and fifth fingers with or without involvement of the third finger.

ICD9/ICD10: 755.11, 755.13/Q70.10, Q70.30 Syndrome Associations (Appendix)
Oculodentodigital dysplasia (GJA1)Birth prevalence: 1/300,000

Associated anomalies: brachydactyly, camptodactyly, 
clinodactyly

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

Syndactyly type III typically manifests with complete or 
partial webbing of fingers IV–V or III–V (Fig. 2.2c.1).1-3 
Osseous fusion of the distal phalanges and concomitant 
fusion of the nails is often present. The fifth fingers are usu-
ally short with underdeveloped or absent middle phalanges, 
and the fourth fingers have camptodactyly when tethered 
to the fifth fingers. The mildest manifestation may be 
radial deviation of the distal phalanges of the fifth fingers.3 
Patients who have undergone surgery often have radial 
deviation and shortening of the fifth fingers and ulnar devi-
ation of the fourth fingers. The hand findings are usually 
bilateral and often symmetric. In isolated syndactyly type 
III, the toes are not typically involved. Radiographs may 
show fusion of the terminal phalanges when the syndactyly 
is complete. The middle phalanx of the fifth finger is fre-
quently hypoplastic or absent, and the distal phalanges of 
the affected fingers may be deviated.

Syndactyly type III usually occurs as either an isolated find-
ing or as a feature of oculodentodigital dysplasia (ODDD). In 
this disorder, an identical pattern of hand abnormalities is vari-
ably associated with microcornea, microphthalmia, glaucoma, 
a thin/narrow nose with hypoplastic alae nasi, and small teeth 

with hypoplastic enamel (Fig. 2.2c.1).4-7 Variable syndactyly, 
brachydactyly, camptodactyly, and clinodactyly of the toes can 
also occur.7 Neurological manifestations including white mat-
ter abnormalities, spasticity, and bowel/bladder incontinence 
are also well-recognized features of the disorder.7,8 Other find-
ings include conductive hearing loss and slow-growing hair.7 
Syndactyly type III and ODDD represent different ends of the 
same clinical spectrum.1,4,5 Both are inherited as autosomal 
dominant traits, and both are caused by mutations in GJA1.6,7 
This gene encodes connexin 43, a transmembrane protein that 
participates in the assembly of gap junctions permitting cell 
to cell transfer of ions and small molecules.6,7 Mutations in 
this gene have been identified in many patients and families, 
and the majority are missense changes that can affect differ-
ent protein domains and alter gap junction function through a 
dominant negative mechanism.7,9 Notably, however, an autoso-
mal recessive form of ODDD associated with GJA1 mutations 
has also been described in rare patients, including one whose 
findings were thought to overlap those of Hallerman-Streiff 
syndrome.7,9,10 A  locus for isolated cutaneous syndactyly of 
fingers III–V or II–V was also mapped to a region of chro-
mosome 7q36 encompassing the ZPA-regulatory sequence 
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that regulates SHH gene expression in the developing limbs, 
thus suggesting that syndactyly type III is genetically heteroge-
neous.11 However, unlike other limb malformations that have 
been linked to this region and associated with mutations or 
altered genomic dosage of the ZPA-regulatory sequence, the 
molecular cause of this isolated syndactyly phenotype has not 
yet been identified.11

Syndactyly type III is rare. Castilla et al. estimated the fre-
quency to be 0.3/100,000 in a South American population.12 
Numerous patients and families with ODDD due to GJA1 
mutations have been described.7

Treatment: Treatment of the hand involvement is surgical 
and involves normalization of both function and appear-
ance. Release of syndactyly generally requires the use of 
full-thickness skin grafts.13 The outcome of syndactyly release 

involving the third finger is generally better when deferred 
until after age 18  months.13 If multiple digits are involved, 
it is recommended that the border digits be released first, 
with subsequent releases done six months later.13 However, 
surgery for syndactyly involving fingers IV–V is advised 
between six and 12  months of age, since a delayed release 
can cause residual digit deformation.13 Correction of any 
associated toe syndactyly is not generally necessary from a 
functional standpoint. It is important to consider surveil-
lance for the ocular, dental, and neurological complications 
of ODDD that can occur in persons presenting with syndac-
tyly type III.

Prognosis: With appropriate surgical correction in the 
hands, the prognosis of syndactyly type III is usually good.

A B

C       D

Fig. 2.2c.1 Syndactyly type III. Schematic (A) shows typical involvement of fingers III–V. Affected child has syndactyly of fingers III–V on left hand and fingers 
IV–V on right hand (B). Hand radiograph (C) demonstrates hypoplasia of the middle 5th phalanx and fusion of the distal phalanges of fingers IV–V. Photograph 
(D) shows the typical facial features of oculodentodigital dysplasia.
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2 . 2 D  S Y N D A C T Y LY  T Y P E   I V

(Syndactyly, Haas type; Polysyndactyly, Haas type)

Definition: Complete cutaneous syndactyly of the hands associated with preaxial and/or postaxial polydactyly of the hands 
and variable polydactyly and syndactyly of the feet.

ICD9/ICD10: 755.01, 755.02, 755.11, 755.13/Q69.0, 
Q69.2, Q70.10, Q70.30

Syndrome Associations (Appendix)
Laurin-Sandrow (dup 7q36)
Tibial hemimelia-polysyndactyly-triphalangeal thumbs 
(LMBR1)
Triphalangeal thumb-polysyndactyly (dup 7q36)

Birth prevalence: 1/300,000

Associated anomalies: preaxial and/or postaxial 
polydactyly, triphalangeal thumb, camptodactyly, tibial 
deficiency

Laboratory studies: radiographs, genomic microarray

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian, microduplications

The characteristic appearance of syndactyly type IV is com-
plete cutaneous webbing of all of the fingers with associated 
flexion deformities, giving the hands a cup-shaped “rosebud” 
appearance (Fig. 2.2d.1).1-4 In the hands, there are usually six 
or more digits of preaxial, postaxial, or indeterminate origin 
fused into a mass with up to eight nails.2-4 The most preaxial 
digit can be separate from or included within the digital mass, 
and the thumbs may be triphalangeal. The hand findings are 
bilateral but can be asymmetric. The feet are usually normal 
but may have variable cutaneous syndactyly and preaxial or 
postaxial polydactyly with more than one extra digital ray.3,4 
Hand radiographs typically demonstrate complete syn-
dactyly of most or all of the digits with six metacarpals and 
varying numbers of extra phalanges. The syndactyly may be 
non-osseous, or some of the distal phalanges may be fused, 
and three thumb phalanges may be present. Foot radiographs 
demonstrate supernumerary metatarsals and phalanges in 
some cases.

Syndactyly type IV is often isolated, but underdevelop-
ment or absence of the tibia has been variably associated with 
the hand and foot findings in some families.4,5 The inheri-
tance of syndactyly type IV is autosomal dominant, and the 

disorder was originally mapped to a locus on chromosome 
7q36 encompassing the zone of polarizing activity (ZPA) 
regulatory sequence (ZRS), a long range cis-enhancer within 
intron 5 of the LMBR1 gene that modulates SHH expres-
sion along the anterior-posterior limb axis.4 Mutations in the 
ZRS were already known to cause preaxial polydactyly, and 
genomic duplications involving the ZRS were subsequently 
identified as the cause of isolated syndactyly type IV and syn-
dactyly type IV with tibial hypoplasia.6,7 Notably, syndactyly 
type IV also occurs in some families with the triphalangeal 
thumb-polysyndactyly syndrome, a complex hand/foot mal-
formation featuring duplicated triphalangeal thumbs, variable 
hand syndactyly (most often involving digits III–V with either 
separate index fingers or thumb-index finger syndactyly), and 
postaxial polydactyly, and this disorder is also caused by dupli-
cations of the ZRS.6,8,9 A  “rosebud” appearance of the hands 
suggestive of syndactyly type IV was also described in a patient 
with the tibial-hemimelia-polysyndactyly-triphalangeal 
thumbs syndrome, also called tibial hypoplasia with polydac-
tyly or Werner mesomelic syndrome, and this disorder was 
later attributed to point mutations within the ZRS.10,11 Notably, 
the father of the aforementioned patient had the triphalangeal 
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thumb-polysyndactyly syndrome associated with a dupli-
cated distal phalanx of one hallux and short/absent middle 
toe phalanges.10 A syndactyly type IV phenotype in the hands 
also occurs with mirror image polydactyly of the feet, tibial 
absence, fibular duplication, absent patellas, and nasal abnor-
malities (hypoplastic alae nasi and short columella) in the 
Laurin-Sandrow syndrome.12 This condition was also recently 
attributed to duplications of the ZRS, and it was noted that 
smaller duplications (<80 kb) appear to cause this phenotype 
while larger duplications (>80 kb) cause syndactyly type IV.12 
Complete syndactyly is a major feature of Apert syndrome, but 

craniosynostosis occurs in this condition and polydactyly is 
not a finding.

Treatment: Treatment is surgical and involves attempted 
normalization of both function and appearance of the hands. 
Release of syndactyly generally requires the use of full-thickness 
skin grafts.13 Sophisticated techniques are required to correct 
the complex pattern of syndactyly and polydactyly in this dis-
order and create a functional hand with an opposable thumb. 
Associated tibial hypoplasia may require early amputation and 
the use of prostheses to achieve adequate function.

Fig. 2.2d.1 Syndactyly type IV (Haas type polysyndactyly). Schematic (A) shows complete syndactyly of polydactylous hand. Radiographs (B, C) and photograph 
(D) of affected infant show complete syndactyly of left hand and exclusion of first digit from syndactyly of right hand. Palmar view (E) of affected 7-month-old 
female shows folding of hand into “rosebud” configuration. (C and D reprinted with permission from Miura et al.: J Hand Surg 15-A:445, 1990. E courtesy of 
Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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Prognosis: Given its complexity, the prognosis of syndactyly 
type IV is variable, as it may be difficult to achieve an ade-
quate functional and cosmetic result despite multiple surger-
ies. Notably, however, a patient with a complex synpolydactyly 
phenotype associated with a total of 31 fingers and toes under-
went a single operation that resulted in an excellent cosmetic 
and functional result.14
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2 . 2 E  S Y N D A C T Y LY   T Y P E   V

(Syndactyly, Dowd type)

Definition: Metacarpal and metatarsal fusion associated with variable syndactyly of the fingers and toes.

ICD9/ICD10: 755.11, 755.12, 755.13, 755.14/Q70.00, 
Q70.10, Q70.20, Q70.30

Syndrome Associations (Appendix)
Kallmann (FGFR1)
Metacarpal 4-5 fusion (FGF16)Birth prevalence: unknown

Associated anomalies: camptodactyly, clinodactyly, 
brachydactyly, ulnar deviation of the fingers, varus 
deformities of the metatarsals, valgus deformities of the 
toes, urinary tract anomalies

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

Variable synostosis of metacarpals IV and V is the most char-
acteristic feature of this condition (Fig. 2.2e.1).1 The fusion 
may be complete or partial and unilateral or bilateral, and 
metacarpals IV and V can also be short. When fingers IV 
and V arise from completely fused metacarpals, they are usu-
ally flexed. Cutaneous syndactyly can occur between fingers 
II–III, III–IV, and/or IV–V.1,2 Other hand findings include 
osseous syndactyly between the phalanges of fingers IV–V 
that may cause a Y-shaped configuration of these digits, 
brachydactyly, distal phalangeal hypoplasia, absence of the 
distal interphalangeal flexion creases, swelling of the inter-
phalangeal joints, clinodactyly of the fifth fingers, ulnar devia-
tion of fingers II–V, and the presence of an interdigital cleft 
between fingers III-IV.1,3,4 In the feet, there may be synostosis 
of metatarsals III and IV and variable syndactyly of toes II–V 
including toes II–III or III–IV.1,2,4 Other foot manifestations 

include varus deformities of the metatarsals, valgus deformi-
ties of the toes, enlargement of the first metatarsals and proxi-
mal phalanges of the halluces, hypoplasia of metatarsals II-V, 
short toes with abnormal or fused phalanges, and overlapping 
or plantar-flexed toes.1-4 Radiographs demonstrate the char-
acteristic metacarpal or metatarsal synostosis and other bony 
changes.

Syndactyly type V is an autosomal dominant trait and is 
usually isolated, although Robinow et al. speculated that uro-
genital abnormalities may be an associated finding, since one 
of their patients had a hypoplastic kidney with bilateral ure-
teric reflux, and one of the patients reported by Temtamy and 
McKusick had exstrophy of the bladder.1,2 Few families have 
been described, and the hand and foot findings are highly vari-
able. The cause of syndactyly type V has only been identified in 
a single family to date and was found to be a missense mutation 
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in HOXD13 affecting an important amino acid (p.Q317R) in 
the homeodomain.4 This residue is highly conserved among all 
HOX proteins and plays a key role in the DNA-binding affinity 
and specificity of HOXD13, and the mutation was shown to 
affect the protein’s transcriptional activity and was predicted 
to alter the DNA-binding ability of the protein. Notably, one 
affected member of the latter family had postaxial polydactyly 
of one hand and hypospadias.

The differential diagnosis of syndactyly type V includes 
other rare phenotypes with metacarpal and/or metatarsal 
fusion. Debeer et al. reported a family with variable hand and 
foot malformations including fusion of metacarpals IV-V 
and metatarsals III-IV and syndactyly of fingers III–IV with 
partial digit duplication, and the findings segregated with a 
balanced reciprocal translocation between chromosomes 
12p and 22q.5 The latter breakpoint was found to disrupt 
the fibulin-1 (FBLN1) gene, which encodes a glycoprotein 
expressed in the developing limb; this disorder has been clas-
sified as a form of synpolydactyly (SPD), specifically SPD 
type 2.5,6 Metacarpal IV-V fusion, without other anomalies 
of the digits, is a distinct condition inherited as an X-linked 
recessive trait, although autosomal dominant inheritance has 

also been suggested in some families.2,3,6-9 This malformation 
has also been classified as syndactyly type VIII.3 In this disor-
der, metacarpals IV and V are partially or completely fused, 
with hypoplasia of the fifth metacarpals and fixed ulnar 
deviation of the fifth fingers.2,3,6-9 Whole exome sequencing 
in two unrelated probands led to the identification of non-
sense mutations in the X-linked gene FGF16 in both cases, 
and a mutation was carried by one unaffected mother.9 The 
authors noted that fusion of metacarpals IV-V has also been 
described with FGFR1 mutations that cause Kallmann syn-
drome, another disorder of fibroblast growth factor (FGF) 
signaling that primarily manifests with hypogonadotropic 
hypogonadism and anosmia.9 Syndactyly type V has some 
overlap with syndactyly type I, given that webbing of fingers 
III–IV can occur in both disorders. Synostosis of metacarpals 
III-IV rather than IV-V, along with other digit anomalies, 
occurs in syndactyly type IX, also called the Malik-Percin 
type, or mesoaxial synostotic syndactyly with phalangeal 
reduction, which is an autosomal recessive disorder linked 
to chromosome 17p13.3.3 Metacarpal synostosis can also 
occur with Apert syndrome, radial and ulnar deficiencies, 
and split-hand malformation.10

Fig. 2.2e.1 Syndactyly type V. Schematic (A) shows syndactyly of metacarpals IV-V and metatarsals IV-V. The claw-like positioning of the fingers in the photograph 
(B) and radiographs (C, D) occurs when the metacarpals are completely fused. Less digital clawing is evident when the metacarpal fusion is incomplete, as in the 
radiograph at the right in D. (B courtesy of Dr. Meinhart Robinow; D courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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Treatment: Treatment is surgical and typically involves 
separation of the metacarpal fusion. The degree of fusion of 
metacarpals IV-V has been classified in different ways in the 
orthopedic literature. Recently, Liu et  al. proposed the use 
of the intermetacarpal angle (IMA) between the two bones 
as a way to classify the severity and noted that patients with 
a narrow IMA (type A) typically do not require surgery.10 
However, a wide IMA (type B) causes multiple abnormalities 
of the hand, including a widened palm with a bony promi-
nence over its lateral aspect due to ulnar deviation of the 
fifth metacarpal head, excessive radial deviation of the fifth 
finger at the metacarpal-phalangeal joint, and an abnormally 
wide web space between the bases of fingers IV–V.10 In this 
circumstance, treatment with a wedge adduction osteotomy 
of the fifth metacarpal and placement of a bone graft is rec-
ommended.10 In cases with a reverse IMA (type C), the fifth 
metacarpal deviates radially toward the fourth metacarpal, 
thus producing a negative angle between these two bones and 
resulting in a narrow palm with an abnormally abducted fifth 
finger that also requires a wedge osteotomy and bone graft.10 
Each type is further classified based on the presence of a nor-
mal or short fifth metacarpal, and the latter may necessitate 
a supplementary lengthening procedure of the fifth finger to 

achieve a good functional and cosmetic result when the short-
ening is severe.10

Prognosis: The prognosis of syndactyly type V is usually good.
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2 . 2 F  C O M P L E T E  S Y N D A C T Y LY

(Syndactyly, Mitten Type; Syndactyly Type VI)

Definition: Complete cutaneous syndactyly of digits II–V, with/without involvement of the thumbs when the hands are 
involved and with/without associated osseous fusion.

ICD9/ICD10: 755.11, 755.12, 755.13, 755.14/Q70.10, 
Q70.00, Q70.30, Q70.20

Syndrome Associations (Appendix)
Apert (FGFR2)

Birth prevalence: 1.5 in 100,000 (Apert syndrome)

Associated anomalies: brachydactyly, broad/
medially deviated thumbs and halluces, proximal 
symphalangism, synostosis of carpals/tarsals/
metatarsals, craniosynostosis

Laboratory studies: radiographs, gene sequencing, 
genomic microarray

Prenatal diagnosis: ultrasound variable

Cause: sporadic, Mendelian

Complete syndactyly manifests with cutaneous webbing of 
fingers II–V, with or without involvement of the thumb. The 
feet may also be involved. This form of syndactyly primarily 
occurs in Apert syndrome in association with craniosynos-
tosis. The characteristic appearance of the hands gives them 
a “mitten” appearance (Fig. 2.2f.1). Cohen and Kreiborg1 
described three subtypes of syndactyly affecting the hands 
and feet in Apert syndrome. In type 1, there is a mid-digital 
mass with syndactyly of digits II–IV, separate digits I and V, 
and flat palms. There is usually some degree of soft tissue 

webbing between the fifth finger and the hand mass. The 
thumbs and great toes are short, broad, and medially devi-
ated. In type 2, there is fusion between fingers II–V with 
spoon-shaped palms. In type 3, there is complete syndactyly 
between all five fingers with cup-shaped palms. Nail fusion 
(synonychia) occurs in the hands but not in the feet. Different 
patterns of hand and foot involvement may occur in the same 
individual. Radiographs of the hands and feet in persons with 
Apert syndrome demonstrate proximal delta phalanges in the 
thumbs and great toes that fuse with the distal phalanges over 



H a n d s  a n d   F e e t  |  137

time, proximal symphalangism involving fingers II–IV, and 
progressive synostosis of the carpals, tarsals, and metatarsals. 
Progressive bone fusions apparent on X-rays represent ossi-
fication of cartilaginous models that have failed to separate.1

Heterozygous mutations in FGFR2 cause Apert syndrome 
and thus constitute the best known molecular basis for com-
plete or “mitten” syndactyly.2 Of note, however, complete 

syndactyly of fingers II–V and toes II–V was the most severe 
expression of syndactyly type I in a family whose phenotype 
was mapped to chromosome 2q34-36,3 and a syndrome com-
prised of sagittal craniosynostosis and syndactyly of fingers 
II–V and toes I–V (craniosynostosis Philadelphia type) was 
later mapped to the same locus.4 It was subsequently demon-
strated that both phenotypes are caused by 2q35 microdu-
plications (48–59 kb in size) that overlap a common region 
upstream of the IHH gene containing a highly conserved 
sequence, which may function as a long-range enhancer con-
trolling IHH expression.5

Complete syndactyly rarely occurs as an isolated finding. 
Miura et al. published photographs of an isolated case with-
out craniofacial abnormalities.6 In the right hand there was 
complete syndactyly with a separate thumb, and in the left 
hand there was cutaneous syndactyly between digits III–V. 
Coombs and Mutimer also described a patient with an isolated 
mitten hand anomaly.7 Malik classified the “mitten” form of 
syndactyly as syndactyly type VI and referenced a previously 
reported family in which the proband and a second cousin had 
syndactyly of fingers II–V with fusion of the distal phalanges 
in a “knot-like structure” and syndactyly of toes II and III; 
the latter form of toe syndactyly without other manifestations 
was observed in other relatives, thus suggesting autosomal 
dominant inheritance.8 Besides Apert syndrome, the differ-
ential diagnosis of complete syndactyly with a cup-shaped 
palm includes syndactyly type IV, but polydactyly occurs in 
that condition. Cenani-Lenz syndactyly also has some clinical 
overlap but is easily distinguished from the syndactyly of Apert 
syndrome.

The frequency of complete syndactyly is unknown. 
The prevalence of Apert syndrome has been estimated at 
15.5/1,000,000 births.9

Treatment: Treatment is surgical and involves attempted 
normalization of both function and appearance of the hands. 
Release of syndactyly generally requires the use of full thick-
ness skin grafts.10 Sophisticated techniques are required to 
correct the complex syndactyly and create a functional hand. 
Addressing the associated craniosynostosis, hydrocephalus, 
and respiratory problems takes precedence in the treatment of 
persons with Apert syndrome.

Prognosis: The prognosis of complete syndactyly is variable, 
as it may be difficult to achieve an adequate functional and cos-
metic result. In the setting of Apert syndrome, the prognosis 
also depends on the presence of other medical and develop-
mental complications.
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2 . 2 G  C E N A N I - L E N Z  S Y N D A C T Y LY

(Cenani-Lenz syndrome, Syndactyly type VII)

Definition: Syndactyly involving all elements of the digits with fusion and disorganization of hand and foot bones.

ICD9/ICD10: 755.11, 755.12, 755.13, 755.14, 755.28, 
755.29, 755.38, 755.39/Q70.00, Q70.10, Q70.20, Q70.30, 
Q71.30, Q72.30

Syndrome Associations (Appendix)
Cenani-Lenz (LRP4)

Birth prevalence: unknown

Associated anomalies: dysmorphic facial features, 
cataracts, dental anomalies, high arched palate, radioulnar 
synostosis, radial head dislocation, short forearms, 
underdeveloped tibiae, absent fibulae, laryngomalacia, 
pulmonic stenosis, absent or hypoplastic kidneys, ectopic 
kidneys, hip dislocation, hemivertebrae, scoliosis, 
abnormal ribs, pectus excavatum, supernumerary nipples, 
hypoplastic scrotum, hypothyroidism, hearing loss

Laboratory studies: radiographs, genomic microarray, 
gene sequencing

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian, 15q13.3 microdeletions/
microduplications

The hand in this form of complete syndactyly may appear as 
a mass of fused digits with a “spoon” or “spoon-head” shape 
or have oligodactyly with a reduced number of discernible 
but variably fused digits (Fig. 2.2g.1).1-4 The feet are gener-
ally less severely affected but can have a similar appearance 
to the hands, a reduced number of toes, or variable toe syn-
dactyly. In some cases, the feet are normal. Aplasia of the 
fingernails and toenails is often present. Some authors have 
subdivided Cenani-Lenz syndactyly into two types, includ-
ing the classical or “spoon-head” type, in which there is 
complete syndactyly and synostosis, and the “oligodactyly” 
type, which manifests with a reduced number of digits in 
the hands and toe syndactyly.2,3 Radiographs reveal normal 
or reduced numbers of disorganized metacarpals, metatar-
sals, and phalanges, fusion of the carpals, metacarpal and 
metatarsal synostosis, and fused or incompletely segmented 
phalanges with the appearance of symphalangism or osseous 
syndactyly.

Cenani-Lenz syndactyly can be isolated or associated with 
other skeletal or nonskeletal findings and is thus often called 

Cenani-Lenz syndrome. Incomplete or complete radioulnar 
synostosis, radial head dislocation, and/or short forearms 
with underdevelopment of the radius and ulna are frequently 
seen. Other long bone abnormalities are rare, but one severely 
affected child had tibial shortening, absent fibulae, and humeri 
that were short, broad, and distally bifurcated.5 Unilateral or 
bilateral renal hypoplasia/agenesis have been described in a 
number of cases, and the kidneys may also be located in an 
abnormal position.5,6-8 Many affected individuals have dysmor-
phic facial features, including a prominent forehead, hyper-
telorism, downslanted palpebral fissures, malar hypoplasia, and 
micrognathia.5,7-9 Dental abnormalities including hypodontia, 
hypoplastic enamel, and premature loss of permanent teeth 
have also been noted in several cases. Other reported findings 
have included broad halluces with valgus deformities, dupli-
cated distal phalanges of toes I  and II, congenital hip dislo-
cation, hemivertebrae, scoliosis, diastematomyelia, abnormal 
ribs, pectus excavatum, supernumerary nipples, pulmonic ste-
nosis, hypoplastic scrotum, congenital hypothyroidism, laryn-
gomalacia, high arched palate, congenital cataract, and mixed 
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Fig. 2.2g.1 Cenani-Lenz syndactyly. Schematic (A) shows irregular mass of malformed, incompletely separated bones and digits. Photographs and radiographs 
(B) show clinical and radiographic appearance of hands and feet of siblings. (Reprinted with permission from Dondival P: Hum Genet 48:183, 1979.)
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hearing loss.5,7,8,10 A patient with Cenani-Lenz syndactyly and 
features of Kabuki syndrome has been described.11

Cenani-Lenz syndactyly is inherited as an autosomal 
recessive trait, and most cases are caused by homozygous 
or compound heterozygous mutations in LRP4, which par-
ticipates in Wnt/β-catenin signaling.2,7 Li et  al. first identi-
fied LRP4 mutations in 12 of 14 sporadic and familial cases 
of Cenani-Lenz syndactyly, while two families did not have 
evidence of linkage to LRP4, thus suggesting locus hetero-
geneity.7 The LRP4 protein is a member of the low-density 
lipoprotein family, and other members of this family bind to 
Wnt ligands and promote stabilization of β-catenin signal-
ing during limb and kidney development. Notably, however, 
LRP4 antagonizes this signaling, and the mutations associ-
ated with Cenani-Lenz syndactyly are thought to result in 
a loss of LRP4 function causing excessive activation of the 
aforementioned Wnt/LRP/β-catenin pathway. Most muta-
tions are missense or splice-site alterations, while a more 
severe phenotype involving the humerus, tibia, and fibula 
was associated with a nonsense mutation.5,7

It has also been shown that variants of the Cenani-Lenz 
phenotype are associated with abnormalities of FMN1 and 
its downstream target GREM1, which encodes a bone mor-
phogenetic protein (BMP) antagonist and helps to mediate 
mesenchymal-ectodermal interactions during normal limb 
development.2,12 Dimitrov et  al. described genomic rear-
rangements affecting the neighboring GREM1 and FMN1 
genes at chromosome 15q13.3 in two patients whose pheno-
types were felt to represent new clinical entities within the 
spectrum of Cenani-Lenz syndactyly.12 One patient, whose 
phenotype was previously described as split-hand/foot mal-
formation 1 (SHFM1), had oligosyndactyly of all four limbs, 
radioulnar synostosis, hearing loss, and unilateral renal apla-
sia associated with a homozygous microdeletion of the first 
12 exons of FMN1 and noncoding upstream sequences. The 
second patient had a hand/foot phenotype resembling iso-
lated Cenani-Lenz syndactyly caused by a de novo heterozy-
gous microduplication involving GREM1, FMN1 and other 
nearby genes.

The differential diagnosis of Cenani-Lenz syndactyly also 
includes other conditions with severe or complete syndac-
tyly with/without digital absence and long bone abnormali-
ties. Oligosyndactyly of the hands with mesomelic dysplasia 
due to abnormalities of the radius, ulna, tibia, and fibula is 
described in Nievergelt syndrome. The disorganized hand and 
foot bones, associated forearm and elbow abnormalities, and 
other syndromal features help to distinguish Cenani-Lenz 
syndactyly from the complete syndactyly of Apert syndrome. 
Syndactyly type IV has similarities to Cenani-Lenz syndactyly 
but is also associated with polydactyly. The manifestations 
of Cenani-Lenz syndactyly can resemble those of autosomal 

recessive mesoaxial synostotic syndactyly with phalangeal 
reduction.13 Phenotypic overlap with atypical split-hand mal-
formation has also been noted.3

Although Cenani-Lenz syndactyly is a rare condition, a 
number of cases have been described in the literature, most 
often in consanguineous families.

Treatment: Treatment is surgical and is complicated by 
the severe disorganization, fusion, and underdevelopment/
absence of the hand and/or foot bones. Few cases of successful 
surgical correction are reported, but improved hand function 
with multiple procedures is possible. In one case, for example, a 
total of eight surgeries were done between 19 and 55 months of 
age to create opposable thumbs and permit flexion of the other 
syndactylous digits at the level of the metacarpal-phalangeal 
joints. Notably, several of the surgeries involved tendon modi-
fications because of congenitally abnormal or absent flexor and 
extensor tendons.3

Prognosis: The orthopedic prognosis of Cenani-Lenz syn-
dactyly depends on the degree and severity of involvement 
of the hands, feet, and long bones, while survival may be 
impacted by severe abnormalities of the kidneys.
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2 . 2 H  S Y M B R A C H Y D A C T Y LY

Definition: Shortening of the digits in association with cutaneous syndactyly.

ICD9/ICD10: 755.11, 755.12, 755.13, 755.14, 755.29, 
755.39/Q70.00, Q70.10, Q70.20, Q70.30, Q71.30, Q72.30

Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, DOCK6, RBPJ, EOGT)
Moebius
Turner (45,X)
del 22q11.2
Amniotic band disruption

Birth prevalence: 1/30,000 to 1/50,000

Associated anomalies: distal symphalangism, 
Klippel-Feil anomaly, Sprengel anomaly, gluteal muscle 
hypoplasia, ipsilateral absence of the sternocostal head 
of the pectoralis major muscle with or without other 
abnormalities of the chest wall, breast, nipple, carpal 
bone, and arm.

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian, multifactorial

Symbrachydactyly usually occurs as a unilateral abnormality of 
the hand and manifests with cutaneous syndactyly and under-
development of the phalanges or all components of the hand 
(Fig. 2.2h.1). The central digits are generally most involved.1 
The syndactyly is cutaneous, may be complete or partial, and 
varies in location, often involving fingers II–III.2 The brachy-
dactyly generally involves the middle phalanges, which may be 
small or absent.1,2 The distal phalanges are less severely affected 
and may be fused to the middle phalanges, leading to restricted 
flexion. The thumb is the least severely affected digit. De Smet 
and Fabry noted that a spectrum of abnormalities occurs in 
symbrachydactyly, ranging from the typical findings described 
above to an atypical cleft hand, monodactyly, or adactyly.1 
Symbrachydactyly may also affect the feet. The findings are 
similar to those in the hands, with hypoplasia of the digits and 
variable toe syndactyly.1,3-5 Hallux valgus and metatarsus varus 
may also occur. Hand radiographs reveal varying degrees of 
phalangeal hypoplasia and distal symphalangism.

Symbrachydactyly may occur in isolation but is most often 
associated with ipsilateral absence of the sternocostal head of the 
pectoralis major muscle, a combination that was first described 
in 1841 by Poland and is given the eponym Poland syndrome, 
Poland anomaly, or Poland sequence.1,6 In this condition, the 
pectoralis muscle abnormality manifests as absence of the ante-
rior axillary fold.2 Ipsilateral absence of the pectoralis minor or 
other muscles, hypoplasia of the nipple or breast, rib or sternal 
abnormalities, chest wall depression, vertebral anomalies, axil-
lary hair absence, and shortening of the arm may also occur.2,7,8 
Other findings can include radioulnar synostosis, dislocation of 
the radial head, and carpal bone abnormalities such as delayed 
maturation, disharmonious ossification relative to the tubular 
bones of the hands, and coalition that frequently affects the tra-
pezium and scaphoid bones.9 In some cases there is no upper 
limb abnormality, thus making the pectoralis muscle defect the 
only mandatory criterion for diagnosis. A number of bilateral 
cases of Poland anomaly have been described. Several instances 
of lower leg hypoplasia and foot symbrachydactyly, with or 

without gluteal hypoplasia, have been described as the “lower 
limb counterpart” of Poland anomaly.3 Combined upper and 
lower limb manifestations of Poland anomaly, hand and foot 
symbrachydactyly with normal chest and gluteal muscle devel-
opment, and symbrachydactyly of the foot associated with ipsi-
lateral chest wall abnormalities have also been described.4,5,7

Symbrachydactyly and/or Poland anomaly have been 
described in association with a variety of other anomalies 
including Klippel-Feil anomaly, Sprengel deformity, retinal 
hamartomas, Becker nevi of the skin, ipsilateral lung bullae 
predisposing to pneumothorax, and dextrocardia.7,10-12 The 
most consistent association is with the Moebius syndrome, in 
which congenital cranial nerve palsy and orofacial malforma-
tions also occur.13 Poland anomaly has also been reported in 
association with facio-auriculo-vertebral dysplasia and fronto-
nasal dyplasia.7 Symbrachydactyly can be associated with cutis 
aplasia in Adams-Oliver syndrome, and the differential diag-
nosis also includes amniotic band disruption sequence and an 
atypical type of split-hand malformation. Symbrachydactyly 
has also been observed in several other conditions, including 
Turner syndrome and velocardiofacial/DiGeorge syndrome.1

The Poland anomaly is usually a sporadic occurrence. 
Bouwes Bavinck and Weaver hypothesized that the Poland and 
Moebius syndromes arise from vascular disruptions involv-
ing the subclavian artery during the sixth week of gestation.14 
Similarly, symbrachydactyly of the foot has been attributed to 
reduced blood flow in the lower limb.3 One study suggested 
that maternal smoking during pregnancy may increase the 
risk of Poland anomaly.15 Some families with two or more 
individuals affected with Poland anomaly have been described, 
including those with parent–child transmission, affected sibs 
born to unaffected parents, and affected cousins.8 Happle pro-
posed a mechanism of “paradominant inheritance” to explain 
some familial cases, hypothesizing that the condition may be 
caused by a combination of germline and somatic mutations 
in the same gene.16 Genetic mosaicism for a lethal mutation 
has also been proposed.12 Most cases of Poland anomaly are  
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considered to be multifactorial in origin, and the recurrence 
risk is low.8

McGillvray and Lowry estimated the incidence of Poland 
anomaly in British Columbia to be 1/32,000, and their review 
of the literature suggests a similar incidence in other stud-
ies.17 In Hungary, Czeizel et  al. reported a birth prevalence 
of 1 in 87,550 births for typical Poland anomaly and 1 in 
52,530 births when isolated cases of symbrachydactyly were 
included.6 De Smet and Fabry noted a 2:1 excess of males 
and left-sided involvement in a group of patients with sym-
brachydactyly ranging from mild involvement to digital 
absence.1 Sporadic Poland anomaly more commonly affects 
males and the right side in males, while there is no predilec-
tion for right- or left-sided involvement in females and no 
gender or side preference in familial cases.9

Treatment: Treatment is surgical and involves normalization 
of both function and appearance, particularly in the hands. 
Release of the syndactyly is indicated as the primary treat-
ment in young children, while older individuals may choose 

to pursue additional procedures for the underdeveloped digits, 
such as distraction lengthening or toe-to-hand transfer.18

Prognosis: With appropriate surgical correction in the 
hands, the prognosis of symbrachydactyly is generally good. 
One report of the surgical experience with 120 skin webs in 
34 patients suggested that satisfaction with hand function 
was 94 percent as compared to 76 percent for the cosmetic 
appearance.18
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Fig. 2.2h.1 Symbrachydactyly. Schematic (A) of this unilateral hand anomaly, which may be associated with ipsilateral pectoral hypoplasia. Hands of 17-year-old 
male with left symbrachydactyly (B, C) and absence of left pectoralis major muscle and facial paresis (D) (Poland-Moebius syndrome).
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2.3 BRaCHYdaCtYLY

2 . 3 A  B R A C H Y D A C T Y LY  T Y P E   A 1

(Brachydactyly, Farabee Type)

Definition: Shortening of the middle phalanges of fingers II–V and/or toes II–V, often accompanied by shortening of the 
proximal phalanges of the thumbs and/or halluces.

ICD9/ICD10: 755.29, 755.39/Q71.30, Q72.30 Syndrome Associations (Appendix)
Brachydactyly-distal symphalangism
Stiff thumbs with brachydactyly type A1 and 
developmental delay
Tsukahara

Birth prevalence: unknown

Associated anomalies: short stature, microcephaly, 
nystagmus, metacarpal/metatarsal shortening, distal 
symphalangism, clinodactyly, carpal dysplasia, tarsal 
coalition, sloping of the distal radius/ulna/tibia, absence/
hypoplasia of the ulnar styloid process, variations of the 
femoral head/acetabulum and humeral head/glenoid 
fossa, abnormal knee menisci, clubfoot, Klippel-Feil 
anomaly, scoliosis, intellectual disability

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

This condition is characterized by variable shortening or 
absence of the middle phalanges of digits II–V in the hands and/
or feet (Fig. 2.3a.1).1-4 The proximal phalanges of the thumbs 
and halluces are also affected. There is often fusion between 
the underdeveloped middle phalanges and the distal phalanges 
(terminal/distal symphalangism), producing “pawn-shaped” 
bones. Shortening of the metacarpals and metatarsals, particu-
larly in rays 4–5, and shortening of the distal phalanges may 
also occur.2,3,5 Radial clinodactyly of fingers IV–V and ulnar 
clinodactyly of fingers II–III are often observed.3 There may 
be absent distal flexion creases or single palmar creases. The 
degree and pattern of shortening in brachydactyly type A1 are 
variable, but the usual relative lengths of the digits are pre-
served, and the findings are typically symmetric in a given 
individual.2 Under Fitch’s classification, all of the hand bones 

can be shorter than normal, but the middle phalanges of the 
fingers and the proximal phalanges of the thumbs are prefer-
entially involved.3,4 Fitch also noted that more severe shorten-
ing and distal symphalangism typically involve the digits in 
the sequence V-II-IV-III.3 On radiographs, the middle phalan-
ges of the fingers and toes and the proximal phalanges of the 
thumbs and halluces appear small or absent. The epiphyses of 
affected phalanges may be absent, coned, prematurely fused, 
or accessory.2,3,5 Flattening of the metacarpal heads, sesamoid 
bones, osteoarthritic changes in the metacarpophalangeal 
joints, dysplasia of the carpal bones, and tarsal coalition have 
been described.6 Metacarpophalangeal pattern profile analysis 
can be particularly helpful in diagnosing mild cases.5

A number of other findings have been described in asso-
ciation with brachydactyly type A1. Absolute short stature or 
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short stature relative to that of unaffected family members is 
commonly seen.2,3 Other skeletal manifestations include slop-
ing of the distal radius, ulna, and tibia, absence or hypoplasia 
of the ulnar styloid process, variations of the femoral head/
acetabulum and humeral head/glenoid fossa, and clubfoot.2,6 
Temtamy and McKusick described a family with brachydac-
tyly type A1 and talipes valgus, with one member also having 
mild scoliosis and congenital nystagmus.2 The latter patient 
was very similar to a case described by Slavotinek and Donnai 
who belonged to a family originally reported by Drinkwater.7,8 
Raff et al. reported a family with brachydactyly type A1 associ-
ated with abnormal knee menisci and scoliosis segregating as 
an autosomal dominant trait.9

Brachydactyly type A1 is an autosomal dominant trait 
with significant clinical variability. As described by Farabee 
in 1903, it was the first human malformation attributed to 
Mendelian inheritance.2,4 Approximately 40  percent of cases 
have been attributed to heterozygous missense mutations in 
Indian hedgehog (IHH), which regulates the differentiation 

and proliferation of chondrocytes during endochondral bone 
formation.10,11 Mutations in this gene were initially identified 
in three Chinese families after the first locus for brachydac-
tyly type A1 was mapped to chromosome 2q35-36.12 A com-
mon IHH mutation (p.D100N) was later identified in the 
original kindred reported by Farabee and in the descendants 
of two British families described by Drinkwater in the early 
1900s, and all three families were shown to share a common 
haplotype, suggesting the presence of an ancestral mutation.8,13 
Although the same mutation has been found in other fami-
lies, it was associated with a different haplotype in one fam-
ily, thus suggesting that it may represent a mutational hot 
spot rather than a founder mutation in all such families.14 
Different IHH mutations have been identified in additional 
families with brachydactyly type A1, and the mutations gen-
erally affect the N-terminal signaling domain in a region that 
mediates binding of the IHH protein to the Patched receptor.6 
A study of mice with an Ihh mutation known to cause brachy-
dactyly type A1 in humans suggested that the mutation alters 

Fig. 2.3a.1 Brachydactyly type A1. Schematics show variation of middle phalanx in brachydactyly A1. Photograph and radiograph of hands show shortening of all 
digits due to shortening of the middle phalanges. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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the range of normal Ihh signaling in the developing digital 
elements.11 Heterogeneity of brachydactyly type A1 has been 
demonstrated with the mapping of an additional gene locus 
to chromosome 5p13.3-p13.2 and exclusion of linkage to this 
region and the IHH locus in one family.15,16 Another locus has 
been suggested in a patient with brachydactyly type A1 and 
Klippel-Feil anomaly associated with a balanced transloca-
tion involving 5q11.2 and 17q23.17 More recently, a mutation 
in GDF5, the primary gene causing brachydactyly type C, has 
been associated with a semidominant form brachydactyly type 
A1 in which a mild phenotype was observed in a heterozygous 
individual, while a more severe phenotype occurred in three 
homozygous individuals, two of whom also had clubfoot and 
whose parents were consanguineous.10 A combined phenotype 
of brachydactyly type A1 and multiple synostoses syndrome 
was also described in a family with a novel GDF5 mutation 
conferring both gain-of-function and loss-of-function effects, 
with the brachydactyly attributed to disrupted signaling 
through the receptor protein BMPR1A.18

The findings in brachydactyly type A1 may resemble those 
of other classified types of isolated brachydactyly, including 
types A2, B, and C.4 However, brachydactyly type A2 is distin-
guished by primary involvement of the middle phalanges of the 
second fingers, and type B causes shortening of the distal pha-
langes but can resemble mild brachydactyly type A1 when the 
distal phalangeal involvement is minimal and the middle pha-
langes are affected. Brachydactyly type C causes shortening of 
the middle phalanges, but the pattern in the hands differs from 
that of brachydactyly type A1 in that the fourth finger is the least 
affected, and the metacarpal rather than the proximal phalanx of 
the thumb is also short.4 However, it should be noted that short-
ening of the first metacarpal has been described in some families 
with brachydactyly type A1, including the aforementioned fam-
ily segregating a semidominant mutation in GDF5.10

Some other skeletal disorders and syndromes have clinical 
and/or molecular overlap with brachydactyly type A1. A domi-
nantly inherited form of brachydactyly type A1 was reported in 
association with humeral shortening, bowing of the radius and 
ulna, an unusual accessory ossification center causing a “pseu-
doarthrosis appearance” of the proximal ulna, variable short 
stature, triphalangeal thumbs, and deafness.19 Mutations in IHH 
and GDF5 were excluded, and it was not clear whether this phe-
notype represented a novel form of chondrodysplasia or one end 
of the brachydactyly type A1 spectrum.19 Brachydactyly type A1 
has been reported in Tsukahara syndrome, a disorder described 
in two unrelated patients who also had microcephaly, intellectual 
disability, short stature, scoliosis, hearing loss, and characteristic 
facial features.20 Piussan et al. was the first to report a phenotype 
of brachydactyly type A1 in combination with stiff thumbs and 
developmental delay/intellectual disability.21 A syndromal form 
of brachydactyly type A1 with distal symphalangism, clubfoot, 
scoliosis, and tall stature has also been described.22 Notably, 
homozygous IHH missense mutations have been identified in 
acrocapitofemoral dysplasia, an autosomal recessive condition 
characterized by short stature, short limbs, brachydactyly with 
shortened middle phalanges and other tubular hand bones, rela-
tive macrocephaly, chest deformities, and cone-shaped epiphy-
ses in the hands and proximal femurs.23

The population frequency of brachydactyly type A1 is 
unknown, but over 100 families have been reported.4

Treatment: Treatment of brachydactyly type A1 is not usu-
ally indicated, unless there are significant functional deficits. 
Bone grafting or distraction lengthening procedures for short 
fingers may be indicated to enhance function.24

Prognosis: The prognosis of brachydactyly type A1 is 
usually good.
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2 . 3 B  B R A C H Y D A C T Y LY  T Y P E   A 2

(Brachydactyly, Mohr-Wriedt Type; Brachymesophalangy II)

Definition: Underdeveloped and abnormally shaped middle phalanges of the second fingers and/or second toes.

ICD9/ICD10: 755.29, 755.39/Q71.30, Q72.30 Syndrome Associations (Appendix)
Brachydactyly type A2-microcephaly
Partial trisomy 20p

Birth prevalence: unknown

Associated anomalies: clinodactyly, camptodactyly, 
hallux valgus, 2-3 toe syndactyly

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian, microduplications

The characteristic findings are short, radially deviated sec-
ond fingers and/or short, tibially deviated second toes due to 
small/malformed or absent middle phalanges (Fig. 2.3b.1).1-13 
The second finger may have a single flexion crease.2 Findings 
can occur in the hands only, feet only, or hands and feet.4 The 
middle phalanx of the fifth finger may also be small or mal-
formed, resulting in clinodactyly. Other associated findings 
include camptodactyly, malformed proximal phalanges of 
the great toes causing hallux valgus, underdeveloped middle 
phalanges of the other toes with tibial deviation, and II–III toe 
syndactyly.2-5,7,8 On radiographs, the shape of the short middle 
phalanges is described as triangular, trapezoidal, or rhomboi-
dal (Fig. 2.3b.2) and causes the second fingers and second toes 
to deviate medially. The triangular, or delta, phalanx has a con-
tinuous epiphysis along the short side.2,3 Freire-Maia et al. also 

described synostosis between the distal phalanges of fingers 
III–IV.4 Kjaer et al. studied members of the original family with 
brachydactyly type A2 reported by Mohr and Wriedt and also 
noted variable shortening of the first metacarpal, thumb pha-
langes, middle phalanges of fingers III–V, and distal phalanx 
of the second finger.8,9 They also compared the middle phalan-
ges by metacarpophalangeal pattern profile analysis and found 
that the middle phalanx of the second finger was the short-
est, while the middle phalanx of the fourth finger was the lon-
gest.8 One member of a large family with autosomal dominant 
brachydactyly type A2 whose parents were related had severe 
hand malformations, suggesting possible homozygous expres-
sion of the phenotype.2,3

Brachydactyly type A2 is an autosomal dominant trait 
with variable expression, and incomplete penetrance has been 

Fig. 2.3b.1 Brachydactyly type A2. Schematic and radiograph show phalangeal involvement of digit II. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, 
Wilmington, DE.)
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described.8 Findings beyond the hands and feet are not typically 
observed, although short stature was described in one family.13 
Molecular studies of several patients and families with brachydac-
tyly type A2 initially led to the discovery of missense mutations 
in the gene encoding bone morphogenetic protein (BMP) recep-
tor 1B (BMPR1B).5,6 The BMPR1B protein is a transmembrane 
serine-threonine kinase receptor that is activated by BMPs and 
growth/differentiation factor 5 (GDF5) and participates in cartilage 
condensation and bone formation in the developing digits.5 The 
first mutations identified in patients with brachydactyly type A2 
were thought to act via a dominant negative mechanism and were 
shown to adversely affect cartilage differentiation when expressed 
in vitro and in vivo.5 Mutations in GDF5 were subsequently identi-
fied as another cause of brachydactyly type A2. Seeman et al. and 
Kjaer et al. reported a missense mutation (L441P) and noted that 
homozygosity for the same mutation had previously been described 
in DuPan syndrome, a complex form of brachydactyly with fibu-
lar aplasia.7,8 Notably, this mutation affects the site at which GDF5 
binds to its receptor, and functional studies suggested that it causes 
brachydactyly type A2 via reduced signaling through BMPR1B.7 
A different GDF5 missense mutation (R380Q) was described in 
another family with brachydactyly type A2.10 This mutation affects 
the consensus proteolytic cleavage site involved in the generation 
of the mature GDF5 ligand and was thus also thought to down-
regulate GDF5 signaling. More recently, small overlapping dupli-
cations involving chromosome 20p12 were identified downstream 
of BMP2 in four families with brachydactyly type A2, including the 
family reported by Freire-Maia et al.4,11-13 The duplications appear 
to encompass a limb-specific BMP2 enhancer that is hypoth-
esized to downregulate BMPR1B-mediated signaling, possibly 
through overexpression of BMP2.11 Notably, brachydactyly type 
A2 was also previously described in two other patients with partial 
trisomy 20p.11

Brachydactyly type A2 has some overlap with other types 
of isolated brachydactyly, including types A1 and C, due to 

involvement of the middle phalanges.10 The same BMPR1B 
mutation has been associated with brachydactyly type A2 
either alone or in association with shortening of the third fin-
ger and symphalangism, thus overlapping the phenotypes of 
both brachydactyly type C and proximal symphalangism.6 One 
member of a family with a chromosome 20p duplication caus-
ing brachydactyly type A2 had complete syndactyly of fingers 
III–IV, suggesting clinical overlap with syndactyly type  1.12 
A  rare syndromic form of brachydactyly type A2 associated 
with microcephaly, seizures, and learning disabilities was 
reported in sibs whose parents were second cousins.14

Brachydactyly type A2 is a rare condition, with relatively 
few families having been described.3

Treatment: Treatment of brachydactyly type A2 is not usu-
ally indicated unless there are significant functional deficits. 
Bone grafting or distraction lengthening procedures for short 
fingers may be indicated to enhance function.15 Correction of 
deviated digits may also be indicated.

Prognosis: The prognosis of brachydactyly type A2 is 
usually good.
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Fig. 2.3b.2 Three configurations of short middle phalanges: shortening without 
angulation (left), shortening with angulation of distal portion (middle), and 
delta configuration (right). These configurations are seen in brachydactyly 
type A2 involving digit II, in brachydactyly type A3 involving digit V, and 
in triphalangeal thumb. (Schematic drawn after Wood: Clin Orthol Rel Res 
120:188, 1976.)
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2 . 3 C  B R A C H Y D A C T Y LY  T Y P E   A 3

(Brachymesophalangy V, Brachydactyly-Clinodactyly)

Definition: Underdeveloped and abnormally shaped middle phalanges of the fifth fingers.

ICD9/ICD10: 755.29/Q71.30 Syndrome Associations (Appendix)
Baller-Gerold (RECQL4)
Bloom
Cerebrocostomandibular
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Dubowitz
Kabuki (KMT2D, KDM6A)
Russell-Silver (11p15.5 methylation defects, 7p11.2 UPD)
Seckel (ATR, RBBP8)
Trichorhinophalangeal I (TRPS1)
Trisomy 21

Birth prevalence: 1/4–1/100, depending on racial and 
ethnic background

Associated anomalies: clinodactyly

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

In this condition, the middle phalanges of the fifth fingers 
are short and often have slanted distal articular surfaces that 
cause radial clinodactyly of the distal phalanges (Fig. 2.3c.1, 
see also Fig. 2.3b.2).1-3 A single fifth finger flexion crease may 
be present, and, conversely, this clinical finding should suggest 
shortening or absence of the middle phalanx.3 The fifth toes 
can also be affected.2 Hand radiographs reveal short, broad, 
or abnormally shaped middle fifth phalanges, and different 
radiographic definitions have been used to define the presence 
and population frequency of this malformation.4,5 The use of 
standard measurements of phalangeal lengths or comparison 
of the lengths of the middle phalanges of the fifth fingers to 
those of the fourth fingers are often used to make the diagno-
sis.3 According to one definition of brachydactyly type A3, the 
latter ratio should be less than 50 percent, while a ratio of less 
than 75 percent has also been used.3-5 In an older study of the 

population frequency of brachymesophalangy V, the utility of 
this length ratio was compared to that of the ratio between the 
length and width of the fifth middle phalanx, and the former 
was found to be more useful for defining differences in phalan-
geal length versus shape.6 More recently, Williams et al. noted 
that at least nine different qualitative and quantitative meth-
ods have been used in the diagnosis of brachymesophalangy 
V and compared three qualitative methods for evaluating 
the fifth middle phalanx on visual inspection of hand radio-
graphs, including a judgment as to whether its length and/or 
width appeared short, comparison to a skeletal age-matched 
radiograph demonstrating classic brachymesophalangy V, and 
comparison between the lengths of the fifth and fourth middle 
phalanges.5 The first and second methods were the most con-
sistent, and the authors emphasized the importance of consid-
ering the overall phalangeal shape rather than length and width 

Fig. 2.3c.1 Brachydactyly type A3. Schematic shows involvement of middle phalanx of digit 5.
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alone, as well as the importance of comparison with skeletal 
age-matched radiographs in children.5 Characteristic indenta-
tions in the distal radial aspects of fifth middle phalanges have 
also been described in some cases of brachydactyly type A3.7 
Notably, the fifth middle phalanx may also have a cone-shaped 
epiphysis, and it has been suggested that brachymesophalangy 
V with and without cone-shaped epiphyses are distinct traits 
and that the former is 2.5 times more frequent in females.4,8

Brachydactyly type A3 is considered by some to be an auto-
somal dominant trait with incomplete penetrance.2-4 However, 
other studies have not supported an autosomal dominant model, 
and heritability due to additive genetic effects has instead been 
suggested.4 The molecular basis of this condition is not well estab-
lished, but Debeer et al. reported a missense mutation in the home-
odomain of HOXD13 in a family with findings of syndactyly type 
II and variable foot abnormalities.9 Thirteen of seventeen mutation 
carriers had isolated bilateral fifth finger clinodactyly, suggesting 
that HOXD13 mutations may cause brachydactyly type A3.9

Shortening and/or radial deviation of the fifth finger com-
monly occurs as an isolated finding in an otherwise healthy 
individual or as a component of various skeletal dysplasias and 
numerous syndromes, most notably Down syndrome. Radial 
deviation of the distal phalanx of the fifth finger without short-
ening or malformation of the middle phalanx may be a mild 
manifestation of brachydactyly type A3 or may be a distinct 
condition.10,11 In contrast, radial deviation of the distal phalanx 
of the fifth finger resulting from an abnormal shape of the distal 
rather than the middle phalanx is a distinct condition known 
as Kirner deformity or dystelephalangy.2,3 Brachydactyly type 
A4 is a rare cause of short middle phalanges of the fifth fingers 
but also affects the middle phalanges of the second fingers.3

Brachydactyly type A3 is a common variant observed at 
differing frequencies among various racial and ethnic groups 
around the world. It is considered to be the most common skel-
etal anomaly of the hand, and the length of the fifth middle pha-
lanx is the most variable of any hand bone.4,5 As summarized by 
Williams et al., its prevalence has been extensively studied and is 
highest among Asian (8.6–25.6 percent in Japanese individuals) 

and Native American (1.0–19.5 percent) populations, less com-
mon in Central and South America (1.3–10 percent), and least 
common among African and European populations (0–2.1 per-
cent).4 The same authors found a prevalence of 10.5 percent in 
a study of the normal growth patterns of children from the Jirel 
ethnic group in Nepal.

Treatment: Treatment of brachydactyly type A3 is not usu-
ally indicated unless there are significant functional deficits. 
Bone grafting or distraction lengthening procedures for short 
fingers may be indicated to enhance function.12 Correction of 
deviated digits may also be indicated. It is also important to 
look for other findings suggestive of a syndromal cause.3

Prognosis: The prognosis of brachydactyly type A3 is usually 
good.
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2 . 3 D  B R A C H Y D A C T Y LY   T Y P E   B

(Apical Dystrophy)

Definition: Variable shortening or absence of the distal phalanges and nails of fingers II–V and/or toes II–V.

ICD9/ICD10: 755.29, 755.39/Q71.30, Q72.30 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, DOCK6, RBPJ, EOGT)
Anonychia-brachydactyly (dup 17q24)
Mammary-digital-nail
Sorsby
Tonoki
Amniotic band

Birth prevalence: unknown

Associated anomalies: hypertelorism, downslanted palpebral 
fissures, high nasal bridge, prominent nose with a bulbous tip 
and hypoplastic alae, short philtrum, broad/bifid/spatulate 
thumbs, proximal/distal symphalangism, syndactyly, short 
metacarpals/metatarsals, carpal/tarsal coalition

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian



150 |  H U M a n  M a L F O R M at I O n s  a n d  R e L at e d  a n O M a L I e s

This rare brachydactyly is characterized by variable shortening 
or absence of the distal phalanges and nails of digits II–V in the 
hands and/or feet (Fig. 2.3d.1).1-7 The tips of the affected dig-
its have an appearance that resembles distal amputation.3 The 
middle phalanges may also be short or absent. The thumbs are 
often flat, spatulate, broad, or bifid. Symphalangism can affect 
the proximal or distal interphalangeal joints. Complete or par-
tial cutaneous syndactyly involving fingers III–IV or II–IV and 
toes II–III and III–IV has been described, leading some to call 
this condition symbrachydactyly.2,6,8,9 The findings are usually 
symmetric, and the involvement tends to be more severe in 
the hands and in the digits on the ulnar and fibular aspects of 
the limbs.2-4 Hand and foot radiographs characteristically show 
underdeveloped or absent distal phalanges of digits II–V.1-7 The 
middle phalanges may also be absent or short and resemble the 
distal phalanges in their appearance.3 Symphalangism is often 
noted. The distal phalanges of the thumbs are notched, bifid, 
or duplicated.1-7 Metacarpal/metatarsal shortening or carpal/
tarsal fusions can occur.4

The hand/foot malformations are typically isolated, but a 
characteristic facial phenotype that includes hypertelorism, 

downslanted palpebral fissures, a high nasal bridge, a promi-
nent nose with a bulbous tip and hypoplastic alae, and a short 
philtrum has been described in some families.5-8 Brachydactyly 
type B is an autosomal dominant condition with high pene-
trance and significant clinical variability, particularly between 
families.1-7,9 Causative mutations were initially found in the 
gene ROR2, which maps to chromosome 9q22 and encodes 
an orphan receptor tyrosine kinase.6,7,9 The role of this gene 
in skeletal development was first demonstrated in the Ror2 
knockout mouse, which has severe widespread skeletal 
defects.9 Heterozygous ROR2 mutations have since been iden-
tified in many families with brachydactyly type B, and this sub-
type is designated brachydactyly type B1.4,9-12 The mutations 
are primarily nonsense or frameshift changes that are thought 
to adversely affect digital development through a dominant 
negative (gain-of-function) mechanism via the production 
of a truncated and dysfunctional protein.4,9-12 The mutations 
affect the intracellular portion of the protein, which contains 
the tyrosine kinase domain, and increased clinical severity has 
been correlated with mutations that occur distal versus proxi-
mal (i.e., C-terminal versus N-terminal) to this domain.11 The 

Fig. 2.3d.1 Brachydactyly type B. Schematic shows variable changes with shortening or absence of the distal and middle phalanges. The changes are reminiscent 
of amputations since the nails may be absent and the digits blunted. The thumbs may be broad with duplication of the distal phalanx. (Courtesy of Dr. Charles 
I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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mildest phenotype thus far observed with a confirmed ROR2 
mutation was associated with a frameshift mutation resulting 
in a truncated protein containing only one abnormal amino 
acid before the stop codon, supporting the hypothesis that the 
clinical severity may correlate with the length of the aberrant 
mRNA sequence and its resultant degree of cellular degrada-
tion.12 Two frameshift mutations causing brachydactyly type 
B with severe syndactyly of fingers III–IV or II–IV resulted 
in the addition of the same 23 amino acid polypeptide at the 
C-terminal end of the truncated ROR2 protein.10

In contrast, homozygous missense or nonsense muta-
tions in ROR2 have been found to cause autosomal recessive 
Robinow syndrome, which is characterized by short stature, 
short limbs and digits, characteristic facies, and genital anom-
alies.13,14 The mutations are predicted to cause the phenotype 
through a loss-of-function mechanism.13,14 Notably, in a family 
with typical brachydactyly type B caused by an ROR2 mutation 
with a predicted gain-of-function, homozygosity for the muta-
tion was observed in the child of affected consanguineous par-
ents.11 He had severe malformations of the hands and feet, limb 
shortening, vertebral anomalies, a heart defect, facial dysmor-
phism, and delayed eruption of the permanent teeth, and his 
findings were felt to represent a phenotype that partially over-
laps but is distinct from that of autosomal recessive Robinow 
syndrome.11 Schwarzer et al. described another patient with a 
similar intermediate phenotype who also had a homozygous 
ROR2 mutation that is known to cause brachydactyly type B in 
the heterozygous state, although the carrier parents were unaf-
fected.15 Studies of this and other mutations led the authors to 
hypothesize that the Robinow syndrome phenotype is medi-
ated by the degree to which the ROR2 mutation affects the 
overall intracellular retention of the mutant protein, while the 
severity of the brachydactyly type B phenotype is determined 
by the amount of truncated protein that is incorporated into 
the cell membrane.

In multiple families with brachydactyly type B not caused 
by mutations in ROR2, heterozygous missense mutations have 
been identified in NOG, an inhibitor of bone morphogenetic 
protein (BMP) and growth/differentiation factor (GDF) sig-
naling during digit development that is also mutated in other 
hand/foot disorders, most notably proximal symphalangism 
and multiple synostoses syndrome.16 This subtype is designated 
brachydactyly type B2 and is associated with variable hypopla-
sia/aplasia of the distal phalanges, symphalangism, carpal/tar-
sal fusions, and partial cutaneous syndactyly involving fingers 
II–III and III–IV. The mutations are thought to disturb BMP 
signaling in a more subtle way than a pure loss-of-function 
mechanism, possibly by altering the binding affinity of the 
NOG protein for BMPs and GDFs. The absence of a mutation 
in ROR2 and NOG in one family with brachydactyly type B 
suggests that there is an additional locus for this disorder.16

The differential diagnosis of isolated brachydactyly type 
B includes a condition known as Cooks syndrome and sev-
eral other overlapping but rare hand and foot phenotypes that 
have been described in the literature. Cooks syndrome is a 
form of combined anonychia and brachydactyly that resem-
bles brachydactyly type B and may also cause atypical facial 
features. However, bulbous digital tips have been considered a 

distinguishing feature of Cooks syndrome, and opinions have 
differed as to whether it is the same disorder as brachydactyly 
type B.8,17 Castori et al. concluded that Cooks syndrome is in 
fact distinct from “classic” brachydactyly type B in a number 
of ways, including primary absence of the nails in the pres-
ence of distal phalanges, thumbs and halluces with bulbous 
ends and abnormalities resembling those of the other digits, 
and more severe involvement of the feet and radial digits.17 
Notably, overlapping microduplications of chromosome 
17q24.3 were subsequently described in four families with an 
anonychia-brachydactyly phenotype consistent with Cooks 
syndrome.18 The duplications encompass a minimal 1.2 Mb 
critical region just centromeric to SOX9 and include puta-
tive SOX9 regulatory elements.18 Brachydactyly type B can 
resemble mild brachydactyly type A1 when the distal pha-
langeal involvement is mild and the middle phalanges are 
affected. The presence of severe syndactyly of fingers III–IV 
can overlap the findings of syndactyly type 1, and the combi-
nation of this finding with digital shortening can also be remi-
niscent of split-hand/foot malformation.10 Digit and/or nail 
findings resembling those of brachydactyly type B can also 
occur in patients with isolated congenital anonychia, forms 
of distal symphalangism, Poland anomaly, or amniotic band 
sequence, and symmetric ring constrictions of the second toes 
were observed in one individual with brachydactyly type B 
due to a NOG mutation.16 Brachydactyly type B has also been 
described in other more complex disorders, including a domi-
nant phenotype with characteristic facies, microcephaly, and 
intellectual disability known as Tonoki syndrome.19 Sorsby 
syndrome was originally described in 1935 as an autosomal 
dominant condition comprising brachydactyly type B and 
bilateral macular colobomas, and genitourinary malforma-
tions have also been noted.20 Notably, ROR2 mutations have 
not been detected in Sorsby syndrome.21 Digital findings 
reminiscent of brachydactyly type B also occur in combina-
tion with scalp defects in persons with Adams-Oliver syn-
drome and with juvenile breast hypertrophy in females with 
mammary-digital-nail syndrome.

Treatment: Treatment of brachydactyly type B may be indi-
cated if there are significant and potentially correctable func-
tional deficits related to syndactyly and/or symphalangism. 
Bone grafting or distraction lengthening procedures for short 
fingers may be indicated to enhance function.22

Prognosis: The prognosis of brachydactyly type B is usually 
good.
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2 . 3 E  B R A C H Y D A C T Y LY   T Y P E   C

(Brachydactyly, Haws type; Brachydactyly with Hyperphalangism)

Definition: Shortening of the first metacarpals and middle phalanges of fingers II, III, and V with/without extra bones in the 
region of the proximal phalanges of fingers II and III.

ICD9/ICD10: 755.29, 755.39/Q71.30, Q72.30 Syndrome Associations (Appendix)
NoneBirth prevalence: unknown, but rare

Associated anomalies: short stature, camptodactyly, 
postaxial polydactyly, subluxation of the ulna and radius, 
short ulna, Madelung deformity, hallux valgus, talipes 
valgus or varus, congenital vertical talus, hip dysplasia, 
fibular hypoplasia, spondylolysis, spondylolisthesis, other 
anomalies of vertebral bodies

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

In this condition the middle phalanges of fingers II, III, 
and V and the metacarpals of the thumbs are short (Fig. 
2.3e.1).1-9 The fourth finger is unaffected or least affected 
and is typically the longest finger or equal in length to the 
third finger. The second and third fingers often deviate to 
the ulnar side, while the fifth fingers deviate to the radial 
side. The distal flexion creases of fingers II, III, and V may be 
absent, and flexion at these joints may be reduced. The feet 
can be normal or exhibit variable shortening of the middle 
phalanges. As noted by Temtamy and McKusick and Fitch, a 
variety of other hand and foot findings have been described. 
These include macrophalangy, symphalangism, camptodac-
tyly, postaxial polydactyly, hallux valgus, and talipes valgus 
or varus.2,3 Hand radiographs demonstrate shortening of 
the middle phalanges of fingers II, III, and V with little or 
no involvement of the fourth fingers. In milder cases, only 

fingers II and III are involved. The first metacarpal is typi-
cally short, and other metacarpals or distal phalanges may 
also be short.3 There may be two bones in the region of 
the proximal phalanges of fingers II and/or III. The terms 
hypersegmentation, hyperphalangy, and pseudoepiphysis have 
been used to describe this appearance.2,3,6-8 When present, 
the extra bone is abnormally shaped and situated between 
the metacarpal and proximal phalanx. It does not contain 
a growth plate and represents an enlarged epiphysis.7 This 
bone later fuses to the proximal phalanx and results in a 
radial protuberance of the phalanx and ulnar deviation of 
the involved finger.44 A sclerotic line may be present at the 
site of fusion.7 The proximal phalanges of fingers II and/or 
III can also be “angel-shaped.”4,5 Foot radiographs may show 
variable shortening or absence of the middle phalanges and 
metatarsals and hallux valgus.2,3,8,9
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Persons with brachydactyly type C may have absolute or 
relative short stature.6,10 Elbow and forearm abnormalities, 
including short ulnae, subluxation of the ulna and radius, 
irregularity of the distal radius, and Madelung deformity, can 
occur.2,3,7 Developmental dysplasia of the hips has also been 
reported.10,11 Savarirayan et  al. described spinal changes in 
persons with brachydactyly type C, including spondylolysis, 
spondylolisthesis, and premature vertebral end-plate disease.11 
Rowe-Jones et al. reported a family with brachydactyly type C 
in association with short broad halluces and cupped ears, while 
Dobbs et al. reported a family with congenital vertical talus.12.13

Brachydactyly type C is an autosomal dominant trait with 
highly variable expression. Incomplete penetrance has been 
described.14 The disorder is caused by heterozygous muta-
tions in the growth/differentiation factor 5 (GDF5) gene, 
also known as cartilage-derived morphogenetic protein 1 
(CDMP1), on chromosome 20. This gene encodes a member 
of the transforming growth factor-β (TGF-β) superfamily of 
secreted signaling molecules. The GDF5 protein has structural 
and functional similarity to the bone morphogenetic pro-
teins (BMPs) and participates in the growth and patterning of 
skeletal elements.9,14 GDF5 was the first gene found to cause 

human brachydactyly following the identification of mutations 
in the mouse homologue (Gdf5) in brachypodism, a recessive 
phenotype characterized by severe digital and limb shorten-
ing.9 Like other TGF-β molecules, the GDF5 protein has an 
amino-terminal prodomain and a carboxy-terminal signaling 
domain, which are separated by a consensus cleavage site.14-16 
Two protein chains normally dimerize via their prodomains, 
form a disulfide linkage between the two signaling domains, 
and undergo proteolytic cleavage to release the active dimeric 
signaling molecule.14-16 The majority of patients with brachy-
dactyly type C have heterozygous frameshift or nonsense 
mutations, leading to functional haploinsufficiency.14 Linkage 
mapping in the large kindred reported by Haws suggested 
locus heterogeneity of brachydactyly type C, but members 
of this family were later found to have a GDF5 mutation.6,14 
A  homozygous mutation affecting the prodomain was also 
identified in a consanguineous family in which heterozygous 
individuals had milder findings.4

Notably, mutations in GDF5 also cause a variety of other 
skeletal phenotypes with a wide range of severity. For exam-
ple, heterozygous GDF5 mutations have been associated with 
proximal symphalangism and multiple synostoses syndrome, 

Fig. 2.3e.1 Brachydactyly type C. Schematics show variable shortening and hypersegmentation involving proximal and middle phalanges of digits II, III, 
and V. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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which can also be caused by mutations in NOG, a gene that 
encodes a GDF5 inhibitor.5 Prior to its association with 
brachydactyly type C, GDF5 was found to cause two autoso-
mal recessive acromesomelic chondrodysplasias, the Grebe 
and Hunter-Thompson types.15,16 A  heterozygous missense 
mutation affecting the proteolytic cleavage site of GDF5 was 
identified in two families with brachydactyly type C and fibu-
lar hypoplasia.17 GDF5 mutations have also been identified in 
Du Pan syndrome, which is characterized by severe brachy-
dactyly and fibular hypoplasia and can be caused by autosomal 
dominant or recessive inheritance.5,18 Heterozygous mutations 
in GDF5 also cause angel-shaped phalango-epiphyseal dyspla-
sia (ASPED).5 Overall, brachydactyly type C represents one 
end of a spectrum of skeletal abnormalities attributable to dif-
ferent mutations in the same gene in either the heterozygous 
or homozygous state.5 Of note, a novel missense mutation in 
the GDF5 prodomain causing brachydactyly type C in the het-
erozygous state and mild Grebe type chondrodysplasia in the 
homozygous state was recently reported, and functional analy-
sis suggested that the phenotypes associated with this and other 
GDF5 mutations may be modified by secretory co-factors or 
stabilizing factors (such as latent transforming growth factor 
binding proteins 1 and 2) that interact with GDF5 and modu-
late its secretion.19

The findings of brachydactyly type C are often distinctive 
but can be mild or overlap with those seen in other heritable 
forms of brachydactyly, most notably type A1. However, the 
metacarpal rather than the proximal phalanx of the thumb is 
shortened in type C, and hypersegmentation of the proximal 
phalanges does not occur in type A1.3 There is molecular over-
lap between the two disorders, as GDF5 mutations have been 
associated with a semidominant form of brachydactyly type 
A1—in which a mild phenotype was observed in a heterozy-
gous individual while a more severe phenotype was observed in 
homozygous individuals—and with a combined phenotype of 
brachydactyly type A1 and multiple synostoses syndrome.20,21 
The latter family had a novel GDF5 mutation conferring 
both gain-of-function and loss-of-function effects, with the 
brachydactyly attributed to disrupted signaling through the 
receptor protein BMPR1A.21 The findings in brachydactyly 
type C may also resemble those of type A2, which is distin-
guished by primary involvement of the middle phalanges of 
the second fingers and can be caused by either BMBR1B or 
GDF5 mutations. The same BMPR1B mutation has been asso-
ciated with brachydactyly type A2 either alone or in associa-
tion with shortening of the third finger and symphalangism, 
thus overlapping the phenotypes of both brachydactyly type C 
and proximal symphalangism.22 Brachydactyly type C can also 
overlap type B, which is caused by ROR2 or NOG mutations, 
but the latter condition classically affects the distal phalanges 
more than the middle phalanges.4 The overlapping clinical and 
molecular findings in these various hand and foot malforma-
tions occur because of the functions and interactions of the 
respective causative genes/proteins during chondrogenesis.4 
Metacarpophalangeal pattern profile analysis can be helpful in 
distinguishing brachydactyly type C from other disorders and 
in distinguishing mildly affected from unaffected or nonpen-
etrant individuals.

Brachydactyly type C is a rare condition of unknown fre-
quency in the general population.

Treatment: Treatment of brachydactyly type C may be indi-
cated if there are significant and potentially correctable func-
tional deficits. Burgess discussed surgical considerations, noting 
that functional limitations such as limited joint movement and 
ulnar “scissoring” of fingers II and III are more likely to occur 
with more severe involvement and hypersegmentation of the 
proximal phalanges of these digits.23 Surgical techniques to 
address these problems have included excision of the most prox-
imal of the phalanges with reconstruction of the radial collateral 
ligament or wedge osteotomy of the proximal phalanx, but such 
procedures may result in greater degrees of digital shortening 
and parental dissatisfaction.23 With hyperphalangy, surgery 
should be delayed until the extra phalanges are large enough 
to permit correction without compromising the growth plate. 
Burgess also noted that a report from 1953 described surgical 
shortening of the fourth fingers to balance their lengths with 
those of the other fingers, but he emphasized that this has not 
been subsequently reported and did not consider it as a treat-
ment option for his own patients.23 In contrast, bone grafting 
or distraction lengthening procedures for short fingers may 
be considered to normalize their appearance or enhance their 
function.24

Prognosis: The prognosis of brachydactyly type C is 
usually good.
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2 . 3 F  B R A C H Y D A C T Y LY   T Y P E   D

(Stub Thumb)

Definition: A short broad distal phalanx of the thumb with/without similar involvement of the great toe.

ICD9/ICD10: 755.29, 755.39/Q71.30, Q72.30 Syndrome Associations (Appendix)
Brachydactyly-syndactyly and mixed brachydactyly 
types D/E (HOXD13)
Brachydactyly type D-microcephaly
Hirschsprung disease-brachydactyly type D
Rubinstein-Taybi (CREBBP, EP300)
Tabatznik
Viljoen

Birth prevalence: 1/25–1/1,000, depending on ethnic/
racial background

Associated anomalies: short metacarpals of the 4th and 
5th fingers, short metatarsal and proximal phalanx of the 
4th toe, variable shortening of other hand/foot bones, 
syndactyly

Laboratory studies: radiographs, gene sequencing

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

The main finding in this condition is a short broad thumb on 
one or both hands (Fig. 2.3f.1).1-6 The nails are also short and 
broad, and there is an increased frequency of whorl thumb-
print patterns.5 Asymmetric involvement is common.1 In fami-
lies with unilateral involvement, Goodman et al. observed that 
the same hand was always involved.5 The halluces may also 
appear short and broad, and the most frequently associated 
anomaly is a significantly short fourth toe due to shortening 
of the metatarsal and proximal phalanx. Syndactyly involving 
toes II–III or all fingers of both hands has been rarely noted.5 
Hand radiographs demonstrate short broad distal phalanges 
of the thumbs, the bases of which are typically wider than 
the proximal phalanges with which they articulate.2, 4 Their 
abnormal size and shape are thought to arise from premature 
fusion of the distal phalangeal epiphysis, based on radiographs 
showing early epiphyseal closure in the affected thumbs of per-
sons with unilateral involvement.2,4,5 Temtamy and McKusick 
observed that the distal phalanges of the third fingers may 
also be short and broad, as had been previously described by 
Stecher.2,6 The fourth or fifth metacarpals may also be short. 
Robin et al. noted short first metatarsals and variable degrees 
of shortening involving other hand and foot bones in a fam-
ily with brachydactyly type D studied by metacarpophalangeal 
pattern profile analysis.7

Brachydactyly type D is usually isolated and may be inci-
dentally noted during a dysmorphologic examination or 
pointed out by a patient/parent as being a familial trait. Its 

inheritance is generally considered to be autosomal dominant 
with reduced penetrance and clinical variability. Goodman 
et al. calculated a penetrance of approximately 40 percent in 
either sex.5 Gray and Hurt studied the transmission of brachy-
dactyly type D in 38 pedigrees and calculated the penetrance 
to be 100 percent in females and 62 percent in males.8 Mixed 
features of brachydactyly types D and E have been observed in 
some families, and Williams et al. argued that they may repre-
sent two facets of the same phenotype.9 They studied the heri-
tability of brachydactyly types D and E in the Jirel population 
of eastern Nepal and concluded that types D/E in this popula-
tion comprised a complex trait with incomplete penetrance, 
rather than an autosomal dominant trait. The molecular basis 
of brachydactyly type D is not well understood. Robin et  al. 
did not find evidence of linkage to 6 loci containing genes 
involved in limb development, but Williams et al. found link-
age of brachydactyly types D/E to chromosome 7p21-p14 and 
considered TWIST and the HOXA cluster to be potential can-
didates within this interval.7,9 Notably, HOXD13 mutations 
have been identified in two families with brachydactyly type D 
in combination with other hand/foot malformations. Johnson 
et al. identified a missense mutation (p.S308C) in the home-
odomain of HOXD13 in a family with a variable phenotype 
including short distal phalanges of the thumbs, short or long 
distal phalanges of other digits, short metacarpals and meta-
tarsals, and carpal fusions, which was considered to repre-
sent a combination of brachydactyly types D and E.10 Within 
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the imperfect trinucleotide repeat of HOXD13 that normally 
encodes 15 successive alanine residues and is abnormally 
expanded in most individuals with syndactyly type II, Zhao 
et  al. identified a 21 nucleotide deletion resulting in a poly-
alanine contraction of seven residues in a Han Chinese family 
with a novel autosomal dominant brachydactyly-syndactyly 
syndrome.11 Most of the affected individuals had generalized 
shortening of the hands and feet, almost half had short broad 
distal thumb phalanges as seen with brachydactyly type D, 
and more than half had mild cutaneous II–III toe syndactyly. 
The most consistent radiographic findings were shortening of 
the middle phalanges of toes II–V and fingers II and V, with 
variable shortening of the metacarpals/metatarsals and proxi-
mal toe phalanges. Great toe involvement consisted of short 
proximal phalanges, broad phalanges and first metatarsals, and 
hallux valgus. Overall, the phenotype was felt to represent a 
mixture of brachydactyly types D, E, and A4, and syndactyly 
type I. A novel missense mutation in HOXD11 was found in 
the affected members of this family as well, but was also seen 
in control individuals, suggesting that it may have been a 
polymorphism.

The differential diagnosis of brachydactyly type D includes 
mild isolated or syndromal preaxial polydactyly, in which 
there may be a broad or partially duplicated distal phalanx 
of the thumb or great toe. This can be distinguished from 
brachydactyly type D by the normal lengths of the involved 
distal phalanges and/or the presence of partially duplicated 
distal phalanges of the thumbs or halluces on radiographs. 
Flat, spatulate, broad, or bifid thumbs are associated with 
short distal and middle phalanges in brachydactyly type 
B.  Brachydactyly type D occurs in several syndromes, most 
notably Rubinstein-Taybi syndrome, in which the thumbs and 
great toes are often medially deviated. It has also been asso-
ciated with cardiac arrhythmias in the Tabatznik syndrome.2 
Viljoen et al. reported three sisters with a syndrome charac-
terized by brachydactyly type D, microcephaly, short stature, 
dysmorphic features, and profound intellectual disability.12 

Reynolds et  al. reported a pedigree of two brothers and two 
maternal uncles with brachydactyly type D, hypoplastic or 
absent nails on the thumbs and great toes, and Hirschsprung 
disease.13 Broad, but not necessarily short, thumbs and/or hal-
luces are seen in a variety of other conditions including Pfeiffer 
syndrome, Opitz FG syndrome, and NOG-related disorders. In 
Larsen syndrome, the thumbs have a spatulate appearance.

Brachydactyly type D is common, with a prevalence as 
high as 4  percent depending on the population studied.4 
Stecher found the condition in 0.4 percent of Caucasians and 
0.1  percent of African Americans.6 In Japan, the frequency 
is approximately 3 percent in females and 1.2–1.6 percent in 
males.2 Goodman found a prevalence of 3  percent in Arabs 
and 1.6  percent in Jewish persons, with no appreciable sex 
difference.5 Williams et al. found a prevalence of 3.55 percent 
among the Jirel population of Nepal.9

Treatment: In the absence of other significant hand/foot 
anomalies, treatment of brachydactyly type D is not indicated.

Prognosis: The prognosis of brachydactyly type D is good.
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2 . 3 G  B R A C H Y D A C T Y LY   T Y P E   E

(Brachymetacarpy, Brachymetapody)

Definition: Short metacarpal and/or metatarsal bones.

ICD9/ICD10: 755.28, 755.38/Q71.30, Q72.30 Syndrome Associations (Appendix)
Acrodysostosis with/without hormone resistance 
(PRKAR1A, PDE4D)
Basal cell nevus (PTCH1, PTCH2, SUFU)
Brachydactyly type E-atrial septal defect type II
Brachydactyly type E-short stature (PTHLH)
Brachydactyly-intellectual disability (del 2q37, HDAC4)
Brachydactyly-syndactyly and mixed brachydactyly 
types D/E (HOXD13)
Fitzsimmons-Guilbert
Hypertension with brachydactyly (deletions or 
inversions of 12p)
Pseudohypoparathyroidism (GNAS)
Trichorhinophalangeal (TRPS1)
Turner (45,X)

Birth prevalence: largely unknown; 1/250 in the Jirel 
population of eastern Nepal

Associated anomalies: short stature, short and broad 
distal thumb phalanges (brachydactyly type D), variable 
shortening of middle and distal phalanges, syndactyly, 
distal symphalangism, cone-shaped epiphyses

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian

With this malformation the digits appear short because 
of underdeveloped metacarpals and/or metatarsals 
(Fig. 2.3g.1).1-5 Mild degrees of metacarpal shorten-
ing are best appreciated by examining the knuckles at the 
metacarpal-phalangeal joints with the hands fisted. Temtamy 
and Aglan pointed out the utility of holding a pencil against 
the ends of the third and fifth metacarpals with the hands 
fisted to detect shortening of the fourth metacarpals.4 
Metatarsal shortening may be much more obvious, causing 
a well-developed toe to appear as though it is “pulled back” 
into the foot. In brachydactyly type E, the fourth and fifth 
metacarpals and metatarsals are often affected, but any or 
all may be affected and the findings are frequently asym-
metric.2-6 Hypermobility of the joints in the hands may be 
seen.4 Brachydactyly type D (a short, broad distal phalanx 
of the thumb or great toe) can be an associated finding, and 
shortening of other middle and distal phalanges in the hands 
and/or feet has been described.3,6 Radiographs demonstrate 
shortened metacarpals and metatarsals, and the metacarpal 
involvement has been attributed to hypoplasia and premature 
fusion of the metacarpal epiphyses.2,4 The distal phalanges, 
especially of the thumbs, and the middle and distal phalanges 
of other digits may also appear short.2,4,6 Cone-shaped epiph-
yses are seen in some cases.

Brachydactyly type E is often syndromal but also occurs 
as an autosomal dominant trait with variable expression, 
and short stature is a frequently associated finding.1-7 Several 

clinical subtypes have been suggested, including type E1 with 
shortening of only the fourth metacarpals and metatarsals, 
type E2 with variable metacarpal involvement along with short 
distal phalanges of the thumbs and third fingers and short mid-
dle phalanges of the second and fifth fingers, and type E3 with 
variable metacarpal shortening and no phalangeal involve-
ment; the latter type was considered a “dubious category” 
by Temtamy and Aglan.4 Autosomal dominant inheritance 
of isolated fourth metatarsal shortening (brachymetatarsus 
IV) with incomplete penetrance was described as a common 
trait in India and is listed in the OMIM database as a separate 
condition.4,8 Disorders with metacarpal/metatarsal shorten-
ing in combination with other digit anomalies have also been 
described and may or may not be distinct entities. For example, 
an autosomal dominant condition known as “brachydactyly 
type Ballard” includes manifestations of brachydactyly types 
B and E, but this may simply represent variability of the type E 
phenotype.4 Given that mixed features of brachydactyly types 
D and E have been observed in some families, Williams et al. 
argued that they may represent two facets of the same pheno-
type.9 They studied the heritability of brachydactyly types D 
and E in the Jirel population of eastern Nepal and concluded 
that types D/E in this population comprised a complex trait 
with incomplete penetrance, rather than an autosomal domi-
nant trait. They found linkage of brachydactyly types D/E to 
chromosome 7p21-p14 and considered TWIST and the HOXA 
cluster to be potential candidates within this interval.
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The molecular basis of brachydactyly type E has been the 
subject of intensive investigation in recent years. Johnson et al. 
initially identified missense mutations in the homeodomain 
of HOXD13 in two families with features of brachydactyly 
type E in combination with other hand/foot malformations.10 
In one family, there was a variable hand/foot phenotype that 
included severe shortening of the third metacarpals, short or 
absent distal phalanges of the fifth fingers, and partial lateral 
phalangeal duplication of the fourth fingers with III–IV syn-
dactyly. Foot involvement included a short fourth metatarsal 
in one case, short or absent distal phalanges of the fifth toes, 
and distal symphalangism of the fifth toes. The same authors 
identified a different mutation in the HOXD13 homeodomain 
in a family with mixed features of brachydactyly types D and 

E. Subsequent studies identified two HOXD13 nonsense muta-
tions causing brachydactyly type E, and another identified a 
21 nucleotide deletion resulting in a polyalanine contraction 
of seven residues in a family with a novel autosomal dominant 
brachydactyly-syndactyly syndrome with mixed features of 
brachydactyly types D, E, and A4 and syndactyly type I  (see 
Entry 2.3f on Brachydactyly type D).5,11,12 In contrast, abnor-
malities of PTHLH, which is located on chromosome 12p 
and encodes parathyroid hormone-like hormone, have been 
associated with a combined phenotype of brachydactyly type 
E and short stature. PTHLH participates in the parathyroid 
hormone-related protein (PTHRP) signaling pathway that 
mediates endochondral ossification. Klopocki et al. discovered 
a chromosome 12p microdeletion encompassing PTHLH in 

Fig. 2.3g.1 Brachydactyly type E. Schematics show variable shortening of metacarpals (usually metacarpal IV). Metatarsals may also be involved, again with 
metacarpal IV being affected most often and most severely. Radiograph shows shortening of digits IV and V. Photograph shows proximal positioning of toe IV 
because of shortening of metatarsal IV.
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a family segregating metacarpal/metatarsal shortening, short 
middle and distal phalanges, short stature, and learning dif-
ficulties.13 Sequencing of this gene led to the identification of 
intragenic mutations in four other patients/families with vari-
able metacarpal/metatarsal shortening and short stature, thus 
suggesting that brachydactyly type E and short stature caused 
by dysfunction of PTHRP constitutes a specific skeletal phe-
notype.13 Delayed tooth eruption or oligodontia were associ-
ated findings in two families. In parallel, Maas et al. discovered 
balanced chromosome translocations in two different families 
with autosomal dominant brachydactyly E and short stature, 
both of which had 12p11.2 breakpoints located near PTHLH 
that resulted in downregulated expression of this gene.14 
Additional investigations determined that the chromosome 
rearrangements disrupted the interaction between PTHLH 
and a long-distance element located 24 Mb away that regulates 
PTHLH expression in cis and SOX9 expression in trans, in 
part due to the expression of a long noncoding RNA molecule 
known as an IncRNA.

Findings of brachydactyly type E occur in a variety of syn-
dromes, most notably pseudohypoparathyroidism/Albright 
hereditary osteodystrophy (AHO). Causation of this disorder 
by mutations in GNAS, which encodes the major intracel-
lular regulator of the PTHRP pathway, supports a pathoge-
netic link between PTHLH-mediated brachydactyly type E 
and AHO.13 An AHO-like phenotype that includes brachy-
dactyly type E, increased weight, dysmorphic facial features, 
intellectual disability, and a variety of other findings occurs 
with the 2q37 deletion syndrome and is also known as the 
brachydactyly-intellectual disability syndrome.15 Notably, 
deletion mapping identified HDAC4 as a candidate gene for 
the brachydactyly and developmental/behavioral difficul-
ties in patients with this disorder, and a de novo HDAC4 
mutation was identified in a patient with brachydactyly type 
E and intellectual disability, while a familial 2q37 micro-
deletion involving only HDAC4 and TWIST2 was found in 
a family with brachydactyly type E, short stature, and mild 
dysmorphic features.15 An autosomal dominant phenotype 
of brachydactyly type E with hypertension has been mapped 
to chromosome 12, and deletions and inversions involving 
12p11-p12 in affected patients/families have been identified, 
but the causative molecular mechanism at this locus has not 
yet been established with certainty.5,16 Other conditions to 
consider in the setting of metacarpal/metatarsal shortening 
include Turner syndrome, acrodysostosis with/without hor-
mone resistance, trichorhinophalangeal syndrome, and basal 
cell nevus syndrome.2,5,6,13 Families have also been described 
with brachydactyly type E in association with atrial septal 
defect, multiple impacted teeth, and spastic paraplegia.17-19 
Pereda et  al. provided a detailed overview of isolated and 
syndromic brachydactyly type E along with an algorithm out-
lining the appropriate clinical and molecular approach for 
establishing an accurate diagnosis.5 They also emphasized the 
frequent association with multihormonal resistance and/or 

short stature, often leading to the ascertainment of affected 
individuals by endocrinologists.

The population frequency of brachydactyly type E is largely 
unknown. Williams et al. found a prevalence of 0.39 percent 
among the Jirel population of Nepal.9

Treatment: Treatment of brachydactyly type E is not indi-
cated when the findings are mild and hand function is good. 
In more severe cases, the metacarpals can be treated with dis-
traction lengthening procedures.20

Prognosis: The prognosis of isolated brachydactyly type E is 
generally good, although short stature may be anticipated. The 
prognosis in syndromal cases largely depends upon the associ-
ated physical or developmental abnormalities.
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2.4 OsseOUs deFICIenCIes OF tHe Hands and Feet

2 . 4 A  P R E A X I A L  D E F I C I E N C Y

(Preaxial Limb Reduction, Radial Ray Deficiency, Radial Longitudinal Deficiency, Tibial Ray Deficiency, Tibial Longitudinal 
Deficiency, Tibial Hemimelia)

Definition: Underdevelopment or absence of the thumb and/or great toe with or without involvement of the radius and/
or tibia.

ICD9/ICD10: 755.26, 755.28, 755.29, 755.36, 755.38, 
755.39/Q71.40, Q71.30, Q72.30, Q72.50

Syndrome Associations (Appendix)
Baller-Gerold (RECQL4)
Diamond-Blackfan anemia (multiple genes)
Fanconi anemia (multiple genes)
Gollop-Wolfgang complex
Hand-Foot-Genital (HOXA13)
Hemifacial microsomia/Goldenhar/ 
Oculoauriculovertebral spectrum with radial defects
Holt-Oram (TBX5)
Lacrimoauriculodentodigital (FGF10, FGFR2, FGFR3)
Nager (SF3B4)
RAPADILINO (RECQL4)
Rothmund-Thomson (RECQL4)
SALL4-related disorders (SALL4)
Split-hand/foot malformation with long bone deficiency 
(17p13.3 duplications/triplications involving BHLHA9)
Thrombocytopenia-absent radius (1q21.1 
deletion; RBM8A)
Townes-Brocks (SALL1)
VACTERL
Trisomy 18
Prenatal thalidomide exposure
Prenatal valproate exposure

Birth prevalence: ~1/10,000 (upper limb), ~1/100,000 
(lower limb)

Associated anomalies: clubhand, clubfoot, syndactyly, 
preaxial polydactyly, radioulnar synostosis, other long 
bone malformations, facial asymmetry, anotia/microtia, 
cervicothoracic and lumbosacral vertebral anomalies, 
sternal and rib anomalies, esophageal and anorectal 
atresia, tracheoesophageal fistula, cardiac anomalies, renal 
dysgenesis/agenesis, hydrocephalus

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian, teratogenic

Preaxial deficiencies of the upper limbs involve the thumb, 
thenar muscles, first metacarpal bone, radial carpal bones 
(scaphoid and trapezium), and radius to varying degrees. 
As summarized by De Smet et  al., different classifications 
of thumb hypoplasia and radial dysplasia have been used.1 
Temtamy and McKusick and Czeizel et  al. reviewed the 
range of abnormalities that occur in preaxial deficiency (Fig. 
2.4a.1).2,3 At the mildest end of the spectrum there is hypopla-
sia of the thenar muscles, thumb phalanges, or first metacar-
pal bone. In more pronounced cases, the first metacarpal is 
absent and there is a small thumb attached to the index finger 
by soft tissue (floating thumb). With increasing severity, there 
is complete absence of the thumb and first metacarpal com-
bined with radial hypoplasia or aplasia. In some cases, there is 
an intercalary deficiency of the radius with a clubhand devi-
ated toward the radial side of the wrist. In the most severe 
form, there is pronounced shortening of the forearm giving 
the appearance of “phocomelia.”2 Other fingers may be under-
developed or webbed, and radioulnar synostosis can occur.2 

Gold et al. classified preaxial deficiencies of the upper limb to 
include those involving digits I, I–II, or I–III of the hand or 
affecting the radius with/without involvement of either digit 
I or digits I–II.4 Radiographs demonstrate varying degrees of 
hypoplasia or aplasia of thumb phalanges, the first metacar-
pal, and the radius. Fused, underdeveloped, or absent carpal 
bones, particularly the scaphoid and trapezium, are found in 
some cases.

Preaxial deficiencies of the lower limbs involve the hallux, 
first metatarsal bone, tarsal bones, and tibia to varying degrees 
and are collectively known as tibial hemimelias.5 The clini-
cal findings range from a short or absent hallux to complete 
absence of the tibia, first metatarsal, and hallux, with a bowed 
leg, dislocated knee, and clubfoot. Syndactyly of the hallux 
and second toe may occur.6 Similar to those of the upper limb, 
Gold et al. classified preaxial deficiencies of the lower limb to 
include those involving digits I, I–II, or I–III of the foot or 
affecting the tibia with/without involvement of either digit I 
or digits I–II. Radiographs demonstrate variable hypoplasia or 
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aplasia of the hallucal phalanges, the first metatarsal, and the 
tibia. Absence or fusion of tarsal bones can be seen.4

Czeizel et  al. studied a group of patients with congenital 
radial and tibial deficiencies. Of 131 cases ascertained in their 
population study in Hungary, 40 (30 percent) were isolated.3 
Among this group, 25 cases involved a single upper limb, 11 
involved both upper limbs, one involved a single lower limb, 
one involved a single upper and lower limb, and two involved 
all of the limbs. Hence, upper limb involvement was far more 
common, and in the unilateral cases the right side was affected 
four times as often. Among 138 cases of radial ray deficiency 
that were identified in a population-based study of upper limb 
reduction defects in Finland, 59  percent were bilateral and 
only 13  percent were isolated.7,8 Among 15 cases of preaxial 
deficiency of the lower limb that were identified in a similar 

study in Finland, only four cases were isolated.9 Radial and 
tibial deficiencies rarely occur together.2

Isolated preaxial deficiencies are rare and appear to be mul-
tifactorial in origin. In the series of Czeizel et al., most cases 
were radial ray deficiencies that occurred sporadically.3 Van 
Allen et  al. reviewed the vascular development of the upper 
limbs and detected abnormal vascular anatomy in 12 fetuses 
with radial defects.10 The authors postulated that abnormal 
vascular development leads to radial ray defects in some cases. 
Lewin and Opitz hypothesized that there are distinct tibial and 
fibular developmental fields, with the tibial field represented 
by the distal femur, tibia, and hallux.11,12 Genetic factors clearly 
underlie some cases of isolated radial ray deficiency, because 
autosomal dominant inheritance with reduced penetrance and 
variable clinical expression have been reported in some fami-
lies.2,3 X-linked recessive transmission of radial ray deficiency 
has also been described.13 Molecular discoveries in syndromes 
with preaxial deficiencies have made it clear that specific 
genes are critical to the normal development of the radial and 
tibial rays.

As a general rule, other malformations commonly occur 
in the setting of congenital limb deficiencies, with a frequency 
of almost 60 percent as noted by Stoll et al.14 This is certainly 
true of radial and tibial ray deficiencies, which are seen in a 
variety of recognized syndromes and in the context of multiple 
congenital anomalies of unknown etiology. Evans et al. found 
different patterns of anomalies associated with unilateral ver-
sus bilateral involvement.15 Unilateral radial/tibial defects were 
associated with facial asymmetry, microtia, cervicothoracic 
and lumbosacral vertebral anomalies, sternal and rib anoma-
lies, esophageal atresia, and bilateral renal agenesis. Bilateral 
deficiencies were associated with esophageal atresia/tracheo-
esophageal fistula, atrial and ventricular septal defects, and 
hydrocephalus. Rosano et  al. found significant associations 
with esophageal atresia, anotia/microtia, other axial skeletal 
anomalies, unilateral renal dysgenesis, heart defects, and ano-
rectal atresia.16 Other limb anomalies can occur with preaxial 
deficiencies, such as polydactyly of the hallux in the setting of 
tibial deficiency. In the Finnish population study of radial ray 
deficiency, syndromes were identified in 50  percent of cases 
and multiple malformation patterns of unknown cause (with 
a wide spectrum of associated malformations) were present in 
37 percent.8 Among the 15 cases of preaxial lower limb defi-
ciency found in a similar study, the relative risk of major asso-
ciated anomalies was especially high in comparison to cases 
with postaxial, terminal transverse, or other reduction defects 
of the lower limbs.9

Important recognizable causes of radial ray deficiency 
include Fanconi anemia, Diamond-Blackfan anemia, 
Holt-Oram syndrome, trisomy 18, and VACTERL association. 
Notably, in the Finnish population study trisomy 18 was the 
most common syndromal cause of radial ray deficiency while 
VACTERL association was the most common cause of radial ray 
deficiency as part of a complex multiple malformation pattern.8 
In thrombocytopenia-absent radius syndrome, the thumbs are 
usually present. Other causes of radial ray deficiency include 
SALL4-related disorders, Townes-Brocks and Nager syndromes, 
and the oculoauriculovertebral spectrum, all of which have 

Fig. 2.4a.1 Preaxial deficiency. Variability in this malformation includes absence 
of the thumb (bottom), absence of the thumb and index finger with radial 
hypoplasia (middle), and mild thumb hypoplasia (top). The individual in the 
middle photo is the daughter of the individual in the top photo.
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overlapping clinical features.17 Tibial ray deficiency is the most 
frequently encountered lower limb malformation in VACTERL 
association and is also commonly associated with split-hand/
foot malformation with long bone deficiency.5,18,19 Bifurcation of 
the distal femur occurs with tibial ray deficiency in both the latter 
condition and the Gollop-Wolfgang complex.6 Combined hypo-
plasia of the thumbs and great toes is seen in hand-foot-genital 
syndrome. Prenatal thalidomide and valproic acid exposure are 
also associated with preaxial deficiencies.20,21

The incidence of preaxial deficiency was 0.8/10,000 births 
in Hungary.3 Froster-Iskenius and Baird found an incidence of 
0.8 per 10,000 livebirths for preaxial hand defects and 0.1 per 
10,000 livebirths for preaxial foot defects in British Columbia.22 
In a more recent study from Finland, among over 400 cases of 
upper limb deficiency that occurred in approximately 750,000 
births from 1993–2005, radial ray deficiencies comprised the 
most common subgroup, accounting for 33 percent of all cases 
with an incidence of 1.64 per 10,000 livebirths.7,8 A  similar 
population study of lower limb reduction defects in the Finnish 
population from 1993–2008 identified preaxial reduction in 
5.6  percent of all cases, giving a birth incidence of 0.16 per 
10,000.9

Treatment: Treatment of radial ray deficiencies can be 
extremely challenging due to functional limitations caused by 
underdevelopment or absence of the thumb, deviation of the 
wrist, and shortening of the forearm.23 Operative and nonop-
erative techniques to centralize the hand and stabilize the wrist 
have been used with varying degrees of long-term success, and 
ulnar lengthening has been utilized in some cases to help nor-
malize forearm length.23 When the thumb is absent, polliciza-
tion or toe to hand transplantation are often used to create a 
functional thumb.24 As with the upper limb, preaxial deficiencies 
of the lower limb can be treated with surgical and nonsurgical 
techniques to optimize the position and function of the foot and 
lengthen the lower leg. The functional consequences and success 
of surgical correction depend on the degree of tibial ray involve-
ment as well as the presence and accurate identification of asso-
ciated abnormalities of other parts of the leg, including the hip, 
quadriceps, and patella.25 In severe cases, early amputation with 
the use of prostheses is often recommended to achieve ambu-
lation, but complex surgical limb salvage procedures have also 
been done.26 Given the significant chance of an associated syn-
drome or multiple malformation pattern, it is advisable for all 
children with radial ray deficiency to be evaluated by a clinical 
geneticist and to consider a systematic evaluation for occult car-
diac, spinal, tracheoesophageal, renal, and hematologic abnor-
malities.23 Similarly, it is advisable to perform a thorough clinical 
exam and consider evaluation for cardiac and intraabdominal 
abnormalities in patients with preaxial reduction of the lower 
limbs.9

Prognosis: The prognosis of preaxial deficiency is variable, 
depending in part on the functional consequences of the defi-
ciency itself, and in part on the presence of associated anomalies 
or an underlying syndrome. Prenatal and infant mortality is par-
ticularly high in children with congenital radial ray deficiencies.7,8
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2 . 4 B  P O S TA X I A L  D E F I C I E N C Y

(Postaxial Limb Reduction, Ulnar Ray Deficiency, Ulnar Longitudinal Deficiency, Fibular Ray Deficiency, Fibular Longitudinal 
Deficiency, Fibular Hemimelia)

Definition: Underdevelopment or absence of the fifth digital rays with/without involvement of other digits and/or the ulna or fibula.

ICD9/ICD10: 755.27, 755.28, 755.29, 755.37, 755.38, 
755.39/Q71.30, Q71.50, Q72.30, Q72.60

Syndrome Associations (Appendix)
Al-Awadi/Raas-Rothschild/Schinzel phocomelia (WNT7A)
Coffin-Siris (SMARCA2, SMARCA4, SMARCB1, 
ARID1A, ARID1B)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
HDAC8, RAD21)
Du Pan (GDF5)
Femur-fibula-ulna
Fibular aplasia-tibial campomelia-oligosyndactyly
Fuhrmann (WNT7A)
Holt-Oram (TBX5)
Miller (DHODH)
Split-hand/foot malformation with fibular aplasia/
hypoplasia
Ulnar-mammary (TBX3)
Weyers ulnar ray/oligodactyly

Birth prevalence: ~1/20,000 (upper limb), 
1/20,000–1/50,000 (lower limb)

Associated anomalies: clubhand, thumb anomalies, 
syndactyly, radial head dislocation, humeroradial 
synostosis, clubfoot, talocalcaneal fusion, hypoplastic 
or absent patella, absent femoral condyles, short femur, 
hypospadias

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, Mendelian

Postaxial deficiencies of the upper limbs variably involve one 
or more ulnar digital rays and/or the ulna. Different classifi-
cations of ulnar deficiency have been used.1 Temtamy and 
McKusick and Czeizel et  al. discussed the variable findings 
that occur in postaxial deficiency (Fig. 2.4b.1).2,3 The mildest 
end of the spectrum includes underdeveloped or absent ulnar 
digits, with or without involvement of the associated metacar-
pals. More severe abnormalities manifest with absent ulnar 
digital rays and partial or total absence of the ulna with radial 
bowing.2 In extreme cases the ulna is absent, the radial head 
is dislocated, and there is humeroradial synostosis with flex-
ion or extension at the elbow. The most severe form is “ulnar 
phocomelia” with pronounced shortening of the arm. Digital 
involvement may be limited to the fifth finger or also involve 
the neighboring fingers or even the thumbs. Radiographs 
demonstrate varying degrees of hypoplasia or aplasia of ulnar 
digital phalanges, their associated metacarpals, and the ulna, 
with or without radial anomalies. The ulnar carpal bones (pisi-
form, triquetrum, hamate, and capitate) may also be absent.

Postaxial deficiencies of the lower limbs variably involve 
one or more fibular digital rays and/or the fibula. Lewin and 
Opitz provided an extensive review of “fibular a/hypoplasia” 
and hypothesized the existence of a fibular developmental 
field that explains the observed patterns of deficiency.4 This 
field includes the pubic portion of the pelvis, proximal femur, 
patella, anterior cruciate ligament, talus and cuboid bones, and 
second to fifth digital rays. Czeizel et al. described the range 
of findings observed in a series of patients with isolated fibu-
lar ray deficiencies.3 The mild end of the spectrum involves 
underdevelopment or absence of one or more fibular digits, 
with or without metatarsal involvement. More severe forms 

manifest as absence of one or more complete digital rays and 
fibular hypoplasia or aplasia. From their review of eight case 
series of fibular aplasia/hypoplasia from the orthopedic litera-
ture, Lewin and Opitz noted that there is typically a reduced 
number of toes, that anterior tibial bowing is usually present 
in unilateral fibular deficiencies, and that the legs are usually 
straight with bilateral deficiencies.4 Radiographs demonstrate 
variable hypoplasia or aplasia of the lateral digital rays and fib-
ula. Other frequently associated findings include talocalcaneal 
fusion, absent cuboid, hypoplastic or absent patella, absent 
femoral condyles, and femoral shortening.4

Postaxial deficiencies are usually sporadic and more com-
monly unilateral.2,3 In a study of 114 cases of isolated ulnar 
and fibular deficiencies, 76 cases involved one limb, 26 cases 
involved two limbs, 10 cases involved three limbs, and two 
cases involved all four limbs.3 The most common clinical pre-
sentation was absence of the digital rays accompanied by par-
tial or complete absence of the ulna or fibula. The upper and 
lower limbs were equally affected, the right side was affected 
more often, and males outnumbered females by almost 2.5:1. 
Similarly, in their review of fibular aplasia/hypoplasia, Lewin 
and Opitz found that unilateral involvement occurred 70 per-
cent of the time, that the ratio of right to left sided involve-
ment was 2:1, and that the condition may be slightly more 
common in males.4 Among 33 cases of ulnar ray deficiency 
that were identified in a population-based study of upper limb 
reduction defects in Finland, 72 percent were unilateral with 
a slight excess of left sided involvement and more than half 
were isolated.5 Among 46 cases of postaxial deficiency of the 
lower limb that were identified in a similar study in Finland, 
67 percent were isolated.6
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The etiology of isolated ulnar and fibular ray deficiencies is 
largely unknown.3,4,7 Czeizel et al. found only one familial case of 
isolated postaxial deficiency in which two siblings had an absent 
fifth ray of the left hand, and, in the aforementioned study of upper 
limb deficiencies in Finland, all cases of ulnar ray deficiency were 
sporadic.3,5 Nonetheless, molecular discoveries in syndromes 
with postaxial involvement (such as the identification of TBX3 
mutations in ulnar-mammary syndrome) underscore the impor-
tance of single loci in causing isolated ulnar or fibular ray defi-
ciencies, and families with Mendelian transmission of postaxial 
deficiencies have been described. For example, Wulfsberg et al. 
reported a mother and three children with isolated postaxial 
oligodactyly involving all four limbs.8 The pedigree included at 
least 10 other affected individuals in four generations and was 
compatible with autosomal dominant inheritance. Morava et al. 
reported a three-generation family with a variable phenotype 
consisting of postaxial deficiency in the upper and lower limbs, 
brachydactyly, and short stature.9 The pedigree was suggestive of 
autosomal dominant inheritance, and linkage of the phenotype 
to the ulnar-mammary syndrome locus was excluded.

Unlike preaxial deficiencies, postaxial deficiencies are 
uncommonly associated with nonlimb abnormalities. Czeizel 
et al. found that only 18 percent of patients with ulnar or fibu-
lar deficiencies had other malformations.3 Evans et al. reviewed 
these cases and found no specific patterns of malformation, 
while Rosano et al. found an association with hypospadias.10,11 
Thumb abnormalities and syndactyly can be associated with 
ulnar ray deficiencies.12 Postaxial deficiencies can be asso-
ciated with other limb malformations in several complex 

skeletal phenotypes, such as femur-fibula-ulna complex, 
proximal focal femoral deficiency, Du Pan syndrome, fibular 
aplasia-tibial campomelia-oligosyndactyly, and Fuhrmann 
syndrome. Santos et  al. also described a complex phenotype 
with fibular involvement in a Brazilian kindred.13 Although 
tibial deficiency is more commonly seen, underdevelopment 
or absence of the ulna or fibula can also occur as a form of long 
bone deficiency in association with split-hand/foot malforma-
tion.14 Syndromes causing postaxial deficiencies in association 
with extraskeletal findings include ulnar-mammary syndrome, 
Cornelia de Lange syndrome, and Miller syndrome (postaxial 
acrofacial dysostosis). In Coffin-Siris syndrome, the degree of 
postaxial involvement is usually quite mild, with shortening of 
the fifth finger and a hypoplastic or absent fifth fingernail. In 
Weyers ulnar ray/oligodactyly syndrome, ulnar and radial ray 
deficiency are combined with midline anomalies, including a 
single central maxillary incisor, hypotelorism, congenital heart 
disease, and urogenital anomalies.15 Although best known for 
its association with radial ray deficiency, Holt-Oram syndrome 
can also include ulnar ray involvement.16

Czeizel et  al. reviewed the prevalence of ulnar and fibu-
lar deficiencies, noting variation in rates between differ-
ent countries from Europe and elsewhere.3 The rates ranged 
from 0.1/10,000 births in Denmark, England, Wales, and New 
Zealand to a rate of 0.72/10,000 for isolated postaxial defects in 
Hungary. The authors noted that the differences may be attrib-
utable to a combination of actual differences and technical 
factors related to ascertainment, diagnosis, and classification. 
Froster-Iskenius and Baird found an incidence of 0.5/10,000 
livebirths for postaxial hand deficiencies and 0.2/10,000 live-
births for postaxial foot deficiencies in British Columbia.17 In 
a more recent study from Finland, among over 400 cases of 
upper limb deficiency that occurred in approximately 750,000 
births from 1993–2005, ulnar ray deficiencies accounted for 
only 8 percent of all cases with an incidence of 0.4 per 10,000 
livebirths.5 A similar population study of lower limb reduction 
defects in the Finnish population from 1993–2008 identified 
postaxial reduction in 17  percent of all cases, giving a birth 
prevalence of 0.5 per 10,000.6

Treatment: Treatment of ulnar ray deficiencies can be 
extremely challenging due to functional limitations caused by 
underdevelopment or absence of digits, deviation of the wrist, 
shortening of the forearm, and elbow abnormalities. In the 
orthopedic literature, the classification of ulnar ray deficiency 
is based on the extent of forearm and elbow involvement, but 
successful treatment focuses on hand function, suggesting that 
the degree of thumb involvement is a more clinically relevant 
issue.12 Hand reconstruction may be indicated in cases of severe 
thumb involvement, while patients without thumb involve-
ment may not require any operative intervention.12 Surgery for 
the wrist and forearm, including excision of an “ulnar anlage” 
in milder cases of ulnar deficiency, may improve fixed or pro-
gressive ulnar hand deviation. In cases with an absent ulna and 
radial bowing, an external rotational osteotomy of the humerus 
can help normalize an otherwise internally rotated hand. In 
the special case of a hypoplastic ulna with radial bowing and 
dislocation of the radial head, the radial head can be resected 

      

Fig. 2.4b.1 Postaxial deficiency. Note bilateral absence of the fifth finger rays.
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and the distal radius fused to the proximal ulnar anlage to 
create a “one-bone forearm,” which stabilizes the forearm and 
elbow and permits subsequent distraction lengthening of the 
forearm.18 With fibular ray deficiency, the primary goal is to 
maximize the ability to ambulate, either with amputation in 
severe cases or with an elongation procedure in milder cases.19 
Limb lengthening using a circular frame fixator is favored in 
cases with a functional foot having at least three rays but often 
requires several surgical procedures.20

Prognosis: The prognosis of postaxial deficiency is variable, 
depending in part on the functional consequences of the defi-
ciency itself and in part on the presence of associated skeletal 
anomalies or an underlying syndrome.
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2.5 teRMInaL tRansVeRse deFICIenCY

(Transverse Deficiency, Transverse Limb Reduction, Transverse Arrest)

Definition: Absence of some or all of the phalanges, digits, or digital rays at approximately the same level across the hand or 
foot, or absence of the entire hand or foot with or without more proximal long bone involvement.

ICD9/ICD10: 755.21, 755.31/Q71.00, Q72.00 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, RBPJ, DOCK6, EOGT, 
NOTCH1)
Amniotic band sequence
Moebius
Oromandibular-limb hypogenesis spectrum
Poland anomaly
Prenatal misoprostol exposure

Birth prevalence: 1/4,500–1/7,500 (overall), 
1/12,500–1/15,000 (upper limb), 1/8,000 (lower limb)

Associated anomalies: soft tissue nubbins, 
brachydactyly, syndactyly, clinodactyly, camptodactyly, 
ring constrictions, clubfoot, encephalocele, micrognathia 
and other craniofacial anomalies, scoliosis, body wall 
defects, genital anomalies, anorectal atresia

Laboratory studies: radiographs; chromosome analysis, 
genomic microarray, and/or gene sequencing can be 
considered, primarily in syndromal cases

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, rarely Mendelian, environmental

This category comprises a wide spectrum of hand and foot 
abnormalities with absence of multiple phalanges, digits, digi-
tal rays, or the entire hand or foot. By strict definition, termi-
nal transverse deficiencies cause absence of all elements distal 

to a specific point across the limb, and the appearance often 
resembles a complete amputation (Fig. 2.5.1). However, the 
hand and foot findings are highly variable, and involvement of 
fewer than five digits in a pattern that does not clearly fit with a 
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preaxial, postaxial, or central deficiency is often considered to 
fall within this category. The absence of distal elements can be 
unilateral or bilateral and can vary in its level among the limbs 
of the same individual. In more severe cases, the deficiency 
occurs at the level of the long bones of the arms or legs (pero-
melia), and absence of the limb (amelia) represents the most 
extreme form of the condition.1 In milder cases, the deficiency 
occurs at the level of the wrist, metacarpals, ankle, metatarsals, 
or phalanges. In some cases, there are small soft tissue nub-
bins that may be arranged in a pattern suggesting rudimentary 
digits (Fig. 2.5.1).

Gold et al. classified terminal transverse deficiencies based 
on the points beyond which the distal elements were absent, 
which included the upper arm/upper leg, forearm/lower leg, 
wrist/ankle, mid-hand/mid-foot, and metacarpal-phalangeal/
metatarsal-phalangeal joints; the latter category included defi-
ciencies of digits I–IV, II–V, or I–V.2 Syndactyly, brachydac-
tyly, clinodactyly, camptodactyly, or ring constrictions can be 
associated findings. Rarely, clubfoot is associated with termi-
nal transverse deficiency of an upper limb.1 Radiographs reveal 
underdevelopment or absence of bones that generally correlate 
with the clinical findings (Fig. 2.5.2).

In most cases, terminal transverse deficiency occurs spo-
radically as an isolated abnormality of one hand or foot in 
an otherwise healthy individual. Czeizel et al. identified 218 
cases of terminal transverse deficiency, ranging from absent 
phalanges to complete limb absence, among 1,575,904 total 
births in Hungary (birth prevalence of 1.4/10,000).1 Of 
these, 89  percent were isolated, and 96  percent of the iso-
lated deficiencies were confined to a single limb. Overall, 
the upper limbs were involved almost nine times more often 
than the lower limbs, and upper limb involvement was more 
often left-sided with an excess of female cases. Within the 
upper limbs, peromelia accounted for almost half of the 
cases (75/169), while absent hand (acheiria), absent pha-
langes (aphalangy), and absent digits (oligodactyly/adac-
tyly) followed in respective frequency. When restricted to 
the hands, the latter three deficiencies comprised 89 of 169 
cases. Within a given hand, the deficiencies were uniformly 

distributed among digits II–V, with infrequent involve-
ment of the thumbs. In the lower limbs, absence of the feet, 
toes, or phalanges accounted for eight of nine total cases, 
and digital involvement was roughly equal. In the study 
of Gold et  al., over 40  percent of isolated terminal trans-
verse deficiencies occurred at the metacarpal-phalangeal or 
metatarsal-phalangeal joints, and soft tissue nubbins were 
present in 82 percent of cases with deficiencies originating 
proximal to the digits.2 Among 59 cases of terminal trans-
verse deficiency that were identified in a population-based 
study of upper limb reduction defects in Finland, 53  per-
cent of the patients were male, the majority of deficiencies 
were unilateral and/or isolated, and two-thirds of the uni-
lateral cases were left-sided.3 Among all cases of lower limb 
reduction that were identified in a similar study in Finland, 
44 percent were terminal transverse deficiencies.4

Isolated cases of terminal transverse deficiency are usu-
ally attributed to sporadic developmental events or dis-
ruptive causes such as amniotic band sequence or internal 
vascular insufficiency, and the chance of recurrence is typi-
cally low.1,5-7 Czeizel et  al. found no evidence of familial 
occurrence in their large study of isolated terminal transverse 
deficiencies.1 They also pointed out that discordance among 
monozygotic twins argues against a genetic origin. The lat-
ter findings and earlier data from Hungary corroborated the 

Fig. 2.5.1 Terminal transverse deficiency involving the entire hand (acheiria). 
Note presence of digital “nubbins” at the wrist and unilateral nature of the 
deficiency.

Fig. 2.5.2 Terminal transverse deficiency involving the phalanges (aphalangy). 
Note bilateral hypoplasia of toes II through V with absent nails. The nail of one 
hallux is also absent. Radiographs demonstrate absence of the middle and 
distal phalanges. The findings resemble brachydactyly type B.
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findings of Birch-Jensen in Denmark.8,9 Notably, however, 
there have been reports of familial recurrences of terminal 
transverse deficiencies or suspected amniotic band sequence 
with varying degrees of relatedness between affected individ-
uals, and autosomal dominant or recessive inheritance pat-
terns are supported in some cases.2,10-15 In some families with 
multiple affected individuals, there is not a clear pattern of 
single gene transmission, leading to hypotheses of irregular 
autosomal dominant inheritance, multifactorial inheritance, 
or chance occurrence.10 Familial cases support the idea that 
genetic factors cause or at least contribute to some terminal 
transverse deficiencies, which has been substantiated with 
molecular discoveries. For instance, homozygous deletions 
within LMBR1 cause acheiropodia (absent hands and feet) 
through their effects on the ZRS (ZPA regulatory sequence), 
a long-range enhancer of sonic hedgehog (SHH) expres-
sion in the developing limbs.16 More recently, Adams-Oliver 
syndrome, which classically causes terminal transverse defi-
ciency and cutis aplasia of the scalp, has been found to arise 
from mutations in ARHGAP31 and several other genes, and 
a mutation in ARHGAP31 was also found to cause isolated 
autosomal dominant terminal transverse limb deficiencies in 
a large family.17 It is conceivable that many sporadic isolated 
terminal transverse deficiencies are not caused by disruptive 
factors but rather by nonheritable mosaic genetic abnormali-
ties that are confined to the affected limbs. It has also been 
suggested that thrombophilia may contribute to a subset of 
terminal limb deficiencies.18 Gardiner and Holmes hypoth-
esized that the soft tissue nubbins associated with terminal 
transverse deficiencies represent a regenerative response to 
injury within the developing limbs.19

Terminal transverse deficiencies can be associated with 
other limb or nonlimb anomalies. Evans et  al. identified 
38 cases of terminal transverse deficiency that were associ-
ated with other congenital abnormalities among the 218 
cases identified in the study of Czeizel et al.1,20 Some of these 
involved the limbs (clubfoot, syndactyly, and ring constric-
tions) while others involved other body areas, but a strong 
association between particular malformations and terminal 
transverse deficiency was not found. The overall frequency of 
associated anomalies was 10–19 percent based on their find-
ings and the results of other studies. The same authors did 
find an association between asymmetric digital deficiencies 
(as seen in amniotic band sequence) and ring constrictions, 
syndactyly, encephalocele, cleft lip, scoliosis, and body wall 
defects. Rosano et al. identified 176 cases of transverse limb 
deficiencies associated with major congenital anomalies using 
data collected from 11 birth defect registries.21 They found 
significant associations with muscular defects, ring constric-
tions/amniotic bands, craniofacial anomalies, and microgna-
thia. They also identified 26 cases in which there were multiple 
associated malformations. Using different statistical methods, 
they found that transverse deficiencies were associated with 
certain combinations of malformations, including genital 
anomalies combined with anorectal atresia, and either cleft 
palate, micrognathia, or syndactyly combined with other cra-
niofacial anomalies. In population-based studies of limb defi-
ciencies in Finland, 69 percent of upper limb and 58 percent 

of lower limb terminal transverse deficiencies were isolated; 
5 percent (upper) and 21 percent (lower) were associated with 
known syndromes/chromosome anomalies, and 25  percent 
(upper) and 21 percent (lower) were seen with other multiple 
malformation patterns.3,4

The differential diagnosis of terminal transverse defi-
ciency is extremely broad. Amniotic band sequence should be 
carefully considered in every case, and the presence of con-
striction rings, tissue strands, pseudosyndactyly, or bizarre 
patterns of deficiency suggest the disruption of normal digits 
by amniotic bands (Fig. 2.5.3). Since terminal transverse defi-
ciency occurs in the setting of Poland anomaly, Moebius syn-
drome, the oromandibular limb hypogenesis spectrum, and 
Adams-Oliver syndrome, a careful examination is warranted 
to look for abnormalities of extraocular and facial movement, 
the chest wall, and the scalp. Terminal transverse limb defi-
ciencies have been reported in three patients with Jacobsen 
syndrome—a syndrome associated with distal deletions of 
chromosome 11q and characterized by growth and develop-
mental delays, thrombocytopenia, dysmorphic features, and 
other congenital anomalies—suggesting that a gene causing 
limb deficiency may reside in the 11q24 region.22 Some mild 
terminal transverse deficiencies resemble brachydactyly type 
B because of the uniform and symmetric appearance of the 
underdeveloped digits (Fig. 2.5.2). Terminal transverse defi-
ciency has been observed in homozygous alpha-thalassemia.23 
Other causes to consider include teratogens, most notably 
misoprostol.24 Prenatal exposures to alcohol and cocaine have 
not been conclusively shown to increase the risk of terminal 
transverse deficiency.24-26 Chorionic villus sampling (CVS) 

A

B

Fig. 2.5.3 Oligodactyly associated with vascular disruption. In the amniotic 
band disruption complex (A), digital shortening and absence occur in 
an asymmetric pattern. Note the constriction ring of the right thumb. 
In the Poland-Moebius syndrome (B), digital absence is associated with 
symbrachydactyly.
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done earlier in pregnancy has been associated with transverse 
deficiencies with or without residual nubbins, Poland anom-
aly, distal digital absence, and findings resembling amniotic 
band sequence.27,28

Many studies of limb reduction defects have examined 
the prevalence of terminal transverse deficiency. Birch-Jensen 
found a birth prevalence in a Danish population of 0.15 per 
10,000 for absent hand, 0.1 per 10,000 for absent phalanges/dig-
its, 0.45 per 10,000 for amputation of the forearm, and 0.03 per 
10,000 for amputation of the upper arm.5,9 In Hungary, Czeizel 
et al. found an overall birth prevalence of 1.4 per 10,000 for ter-
minal transverse deficiency.1 Froster-Iskenius and Baird found 
an incidence of 1.8/10,000 among over 1 million livebirths in 
British Columbia from 1952–1984 and classified defects as 
transverse only if they involved the entire width of the limb.29 
McGuirk et al. found a prevalence of 2.0 per 10,000 for limb 
defects attributed to vascular disruption.30 Gold et al. found a 
prevalence of 1.9 per 10,000 for terminal transverse deficien-
cies and 2.2 per 10,000 for presumed vascular limb disruptions 
among over 200,000 pregnancies.2 In Finland, among over 400 
cases of upper limb deficiency that occurred in approximately 
750,000 births from 1993–2005, terminal transverse deficien-
cies had an incidence of 0.8 per 10,000 livebirths.3 Cases of 
“constriction band syndrome with amputation of part of the 
upper extremity” were counted separately and had an inci-
dence of 0.6 per 10,000 livebirths.3 A similar population study 
of lower limb reduction defects in the Finnish population from 
1993–2008 identified terminal transverse deficiencies in 1.2 
per 10,000 births.4

Treatment: Treatment of terminal transverse deficiencies 
depends on their location and severity. Children with unilateral 
upper limb deficiencies involving the fingers or the entire hand 
usually adapt well without a need for intervention, although 
microsurgical toe to hand transfer provides a good option for 
improving hand function.31 Similarly, mild deficiencies of the 
feet and toes may not significantly affect ambulation. In more 
severe cases, prostheses are needed to achieve ambulation and/
or improved use of a deficient upper limb.

Prognosis: In the absence of other nonlimb malformations, 
the prognosis of terminal transverse deficiency depends on the 
functional and cosmetic sequelae. As many cases are isolated 
and unilateral, the outcome is often very favorable, and, in the 
absence of other significant physical findings or a positive fam-
ily history, the parents of an affected child can often be coun-
seled that the chance of recurrence is low (although not zero) 
and that the prognosis for growth, development, and health is 
excellent.
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2.6 sPLIt-Hand/FOOt MaLFORMatIOn

(Central Ray Deficiency, Central Longitudinal Deficiency, Cleft Hand, Cleft Foot, Ectrodactyly)

Definition: Deficiency of the central digital rays, often with syndactyly of the remaining digits and median clefts of the hands 
and/or feet.

ICD9/ICD10: 755.58, 755.38, 755.39/Q71.60-Q71.63, 
Q72.70-Q72.73

Syndrome Associations (Appendix)
Acro-cardio-facial
Acro-dermato-ungual-lacrimal-tooth (TP63)
CHARGE (CHD7)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
HDAC8, RAD21)
Distal limb deficiencies-micrognathia 
(microduplications involving the SHFM3 locus 
at 10q24)
Ectrodactyly-ectodermal dysplasia-cleft lip/
palate (TP63)
Ectrodactyly-ectodermal dysplasia-macular 
dystrophy (CDH3)
Focal dermal hypoplasia/Goltz (PORCN)
Gollop-Wolfgang complex (17p13.3 duplications/
triplications involving BHLHA9)
Karsch-Neugebauer
Limb-mammary (TP63)
Patterson-Stevenson-Fontaine
Split-hand/foot malformation with long bone deficiency 
(17p13.3 duplications/triplications involving BHLHA9)
Split-hand/foot malformation with sensorineural 
hearing loss (chromosome rearrangements or 
microdeletions involving the SHFM1 locus at 7q21-q22)
Trisomy 18
Wolf-Hirschhorn (del 4p)

Birth prevalence: 1/10,000–1/20,000

Associated anomalies: syndactyly, brachydactyly, 
camptodactyly, polydactyly, triphalangeal thumb, nail 
abnormalities, ectodermal dysplasia, mammary gland/
nipple hypoplasia, cleft lip/palate, other craniofacial 
anomalies, inner ear malformation/hearing loss, 
dysmorphic features, eye abnormalities, cardiac 
anomalies, urinary tract anomalies, brain malformations, 
developmental disabilities

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal (balanced or unbalanced 
rearrangements, visible or submicroscopic deletions and 
duplications), Mendelian

Split-hand/foot malformation (SHFM) is characterized by 
underdevelopment or absence of the central digital rays (i.e., 
rays 2, 3, and/or 4)  in the hands and/or feet. In classic cases 
there is complete digital absence with underdeveloped or 
absent metacarpal/metatarsal bones resulting in median clefts 
of the hands and/or feet, and variable syndactyly of the remain-
ing digits is often present (Figs. 2.6.1 and 2.6.2).1,2 The unusual 
appearance of the hand or foot has been called a “lobster claw 
deformity” or “ostrich foot deformity,” but these terms should 
be avoided due to their pejorative nature and mechanistic inac-
curacy. More commonly, SHFM is called ectrodactyly, and the 
two terms are often used interchangeably; however, by strict 
definition the latter term refers to digital absence in any pat-
tern, and thus its use as a synonym for SHFM is discouraged. 
Nonetheless, incorporation of this term into the names of sev-
eral syndromes in which SHFM is a primary manifestation 
makes it difficult to avoid its use altogether. SHFM technically 
falls within the general category of “central ray” or “central 
longitudinal” deficiencies, which were defined by Gold et  al. 

as involving digits II, III, or IV only, or digits II–III, III–IV, 
or II–IV.3 For practical purposes, however, it is reasonable to 
assume that any such deficiency could represent SHFM until 
proven otherwise.3

The clinical findings in SHFM are highly variable, ranging 
from underdevelopment of a single phalanx at the milder end of 
the spectrum to the presence of a single digital ray (monodac-
tyly) at the most severe end (Fig. 2.6.2).1,2 Terminal transverse 
deficiency can occasionally occur as part of this spectrum.4 
SHFM can be symmetric or asymmetric and may affect one 
or both hands, one or both feet, or the hands and feet together. 
The variability of SHFM is striking and unpredictable within a 
given family and even among the limbs of the same individual 
(Fig. 2.6.2). Simple shortening of a finger or toe (e.g., brachy-
dactyly) or soft tissue syndactyly can be the only manifesta-
tions of SHFM, and preaxial polydactyly, triphalangeal thumb, 
camptodactyly, and nail abnormalities are associated findings 
in some cases. In the author’s personal experience, an unusual 
“double-layered” fingernail or an abnormally growing toenail 
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can be rare manifestations. The significant clinical variability 
of SHFM mandates a careful family history and, if possible, an 
examination of the hands and feet of an affected individual’s 
parents. Radiographs demonstrate varying degrees of digital, 
metacarpal, and metatarsal underdevelopment and are con-
sidered critical in the diagnosis of mild cases (Fig. 2.6.1).4 The 
carpal or tarsal bones may also be abnormal. In some cases, all 
components of one or more rays are absent. In other cases, dig-
its are completely or partially absent with normal or partially 
developed proximal bony elements. Radiographs can also 
show unusual articulations between the remaining phalanges, 
metacarpals, and metatarsals.

SHFM has been divided into typical and atypical forms.1,2,4,5 
Typical SHFM has a classic appearance, often involves multiple 

limbs, and has a clear or suspected genetic basis. Atypical 
SHFM is unilateral, isolated, and sporadic. The latter form 
almost always involves the hands and is accompanied by hypo-
plasia of the marginal digital rays with or without soft tissue 
rudimentary digits within the cleft (Fig. 2.6.3). However, the 
clinical variability of SHFM can make it difficult to distin-
guish between the typical and atypical forms in some spo-
radic cases. SHFM is also classified based on its occurrence 
as an isolated skeletal malformation (nonsyndromal SHFM) 
or in association with findings beyond the limbs (syndromal 
SHFM). Nonsyndromal SHFM is further divided into two 

Fig. 2.6.1 Typical split-hand/foot malformation with absence of central digital 
rays, median clefts of the hands and feet, and syndactyly of the remaining 
digits in two different individuals.

Fig. 2.6.2 Clinical variability of split-hand/foot malformation. The severity of 
the malformation ranges from the classic appearance (top) to monodactyly 
(middle) to mild hypoplasia of a central digit (bottom). Note the variability of 
the phenotype within the limbs of a given individual (top and middle). The 
foot photograph (bottom) is from the individual whose hands are shown in 
Figure 2.6.1.
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subtypes, depending on whether the malformations are lim-
ited to the hands and feet (type I; “isolated” SHFM) or whether 
other limb abnormalities are present (type II).2,6 The latter 
subtype includes long bone deficiencies involving the tibia, 
fibula, femur, radius, or ulna, with the tibia being most often 
involved.2,6-8 It is not yet entirely clear whether it is appropriate 
to lump all of these conditions under the general category of 
“SHFM with long bone deficiency” (SHFLD), or whether cer-
tain phenotypes, such as SHFM with fibular a/hypoplasia, are 
genetically distinct entities.2

Czeizel et  al. studied the characteristics of SHFM in the 
Hungarian population and found that 54 of 94 total cases 
(58  percent) were isolated.5 One limb was affected in 42 
(78 percent) of the isolated cases, with 40 of these involving 
the upper limbs. The authors observed a 1.67:1 ratio of males 
to females and a 2:1 ratio of right- to left-sided involvement 
among the isolated cases. When the cases were divided into 
typical (39  percent) and atypical (61  percent) forms, there 
was a right-sided excess only in typical cases. Of the typical 
cases, 57 percent involved more than one limb and 85 percent 
were male. Elliott et  al. identified 43 cases of SHFM among 
over 800,000 births in Manitoba from 1957–2003.4 Within 
this group the number of males and females was almost equal, 
and mild limb abnormalities, such as syndactyly and campto-
dactyly, were frequently observed in the limbs that lacked an 
obvious central ray deficiency. When such mild findings were 

excluded, four patients had involvement of all four limbs, the 
upper limbs were more frequently affected, five patients had 
long bone involvement, and four patients had polydactyly.4 
Twenty-nine cases were considered typical, three were atypi-
cal, and 11 were difficult to classify.4 Among 41 cases of central 
ray deficiency that were identified in a population-based study 
of upper limb reduction defects in Finland, 44  percent were 
bilateral, the majority of the unilateral cases were left-sided, 
and 66 percent of all cases were isolated.9 Among 12 cases of 
split-foot malformation that were identified in a similar study 
in Finland, seven cases were isolated.10

SHFM in its typical form is considered to be genetic in 
origin, while the atypical form and other cases of central defi-
ciency may be due to disruptive mechanisms such as early cho-
rionic villus sampling or amniotic band sequence.11,12 SHFM 
appears to result from a failure to maintain the central por-
tion of the apical ectodermal ridge (AER) within the devel-
oping limb bud.13 Many cases of isolated SHFM, SHFLD, and 
syndromal SHFM are transmitted in an autosomal dominant 
fashion with incomplete penetrance and variable expression, 
although autosomal recessive and X-linked inheritance also 
occur.1,2,6 Segregation distortion, in which there is increased 
transmission of SHFM from affected males to their sons, has 
been described in some families, and germline mosaicism 
can make it difficult to distinguish dominant from recessive 
inheritance.2,14 SHFM arises from multiple genetic mecha-
nisms including single gene mutations, microscopically vis-
ible balanced or unbalanced chromosome rearrangements, 
and microdeletions or microduplications.2 Balanced rear-
rangements can disrupt enhancer-gene interactions, deletions 
and duplications may alter the dosage of genes or enhancers 
mediating limb development, and interactions between mul-
tiple genes may affect the penetrance and clinical variability 
of SHFM.2

SHFM occurs with a variety of associated malformations 
and in a large number of syndromes. Ectodermal dysplasia 
(including dry skin, abnormal teeth, thin hair, dystrophic 
nails, and lacrimal duct anomalies), mammary gland and 
nipple hypoplasia, and cleft lip/palate or other craniofa-
cial anomalies are commonly associated with syndromal 
SHFM and occur in a variety of overlapping and genetically 
related conditions, including the ectrodactyly-ectodermal 
dysplasia-cleft lip/palate (EEC), limb-mammary, and 
acro-dermato-ungual-lacrimal-tooth (ADULT) syndromes.15 
Abnormalities of these areas and other major organ systems, 
including the eye, inner ear, urinary tract, heart, and brain, as 
well as dysmorphic features and developmental disabilities are 
variably associated with other forms of SHFM, in some cases 
because of mutations in single genes with pleiotropic effects 
and in other cases because of chromosome deletions, duplica-
tions, or other rearrangements that affect contiguous genes or 
gene-enhancer interactions. In the latter scenarios, the asso-
ciated anomalies are highly dependent on the location and 
extent of the chromosome rearrangement.2 Examples of other 
well-recognized disorders featuring SHFM include SHFM 
with sensorineural hearing loss, ectrodactyly-ectodermal 
dysplasia-macular dystrophy (EEM) syndrome, 
Karsch-Neugebauer syndrome (SHFM with nystagmus), 

Fig. 2.6.3 Atypical split-hand malformation. Note unilateral occurrence, lack of 
classic appearance, and underdevelopment of marginal digits.
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Patterson-Stevenson-Fontaine syndrome (SHFM with man-
dibulofacial dysostosis), distal limb deficiencies-micrognathia 
syndrome (DLDMS), acro-cardio-facial syndrome, and focal 
dermal hypoplasia (Goltz syndrome).2,13 SHFM can also 
occur in CHARGE syndrome, Cornelia de Lange syndrome, 
Wolf-Hirschhorn syndrome, and Trisomy 18.

An understanding of the molecular basis of SHFM 
requires an appreciation of its marked clinical and genetic 
heterogeneity. Thus far, nonsyndromal SHFM has been 
associated with 6 different loci, including SHFM1 at chro-
mosome 7q21, SHFM2 (Xq26), SHFM3 (10q24), SHFM4 
(3q27), SHFM5 (2q31), and SHFM6 (12q31), but there 
is considerable genetic overlap with syndromal forms. 
Similarly, SHFLD has been associated with 3 loci, includ-
ing SHFLD1 (1q42-q43), SHFLD2 (6q14), and SHFLD3 
(17p13.3). General correlations exist between individual 
loci, their associated phenotypes, and certain limb manifes-
tations, such as more frequent preaxial involvement with the 
SHFM3 and SHFM5 loci.2,4,16 The SHFM1 locus primarily 
causes isolated and syndromal SHFM, including the form 
associated with sensorineural hearing loss via visible or sub-
microscopic deletions of the DLX5 and DLX6 genes, which 
are involved in limb, craniofacial, and inner ear develop-
ment.2 It has been known for some time that balanced chro-
mosome rearrangements at this locus, such as translocations 
and inversions, can also cause similar phenotypes, and recent 
discoveries have shown that these rearrangements disrupt 
the interaction between these genes and their centromeric 
long-distance enhancers.2,17 The complexity of this region is 
further highlighted by the fact that mutations in DLX5 and 
deletions of the enhancers themselves have also been iden-
tified.18,19 Recurrent microduplications at the SHFM3 locus 
cause both isolated SHFM and DLDMS, while mutations in 
TP63 at the SHFM4 locus cause the EEC, limb-mammary, 
and ADULT syndromes along with approximately 10  per-
cent of isolated SHFM cases.15,20,21 While the SHFM1, 
SHFM3, and SHFM4 loci are associated with autosomal 
dominant inheritance, mutations in WNT10B at the SHFM6 
locus cause an isolated autosomal recessive form of SHFM, 
and mutations in CDH3 cause the EEM syndrome, which 
is also transmitted as a recessive trait.22,23 Recently, 17p13.3 
microduplications involving BHLHA9 at the SHFLD3 locus 
have been discovered as a major cause of SHFLD (primar-
ily with tibial deficiency) but can also cause isolated SHFM 
in some cases.24,25 The duplications are incompletely pen-
etrant and appear to act in a sex-dependent fashion, with 
more frequent and/or severe manifestations in males.25 
The Gollop-Wolfgang complex—in which SHFM and tib-
ial hypoplasia are accompanied by distal bifurcation of the 
femur—and a number of other cases of SHFM and SLFHD 
were also recently attributed to duplications or triplications 
involving BHLHA9.26 Undoubtedly, future molecular discov-
eries will shed additional light on the factors mediating the 
incomplete penetrance and clinical variability of SHFM.

Birch-Jensen found an incidence of approximately 0.1 
per 10,000 (1 in 90,000) for typical split-hand and 0.07 per 
10,000 (1 in 150,000) for atypical split-hand.27 Czeizel et al. 
identified 94 cases of SHFM among over 1.5  million births 

in Hungary, giving a birth prevalence of 0.6 per 10,000.5 
Froster-Iskenius and Baird found an incidence of 0.9 per 
10,000 for central ray defects among over 1.2  million con-
secutive livebirths in British Columbia.28 In the study of 
Elliott et  al. from Manitoba, the overall birth prevalence of 
SHFM was 0.5/10,000.4 Among over 400 cases of upper limb 
deficiency that occurred in approximately 750,000 births in 
Finland from 1993–2005, the incidence of central ray defi-
ciency was 0.5/10,000 livebirths.9 A similar population study 
of lower limb reduction defects in the Finnish population 
from 1993–2008 identified a birth prevalence of 0.13 per 
10,000 for split-foot malformation.10

Treatment: Treatment of SHFM depends on the severity of 
hand and/or foot involvement and the presence of long bone 
deficiency or other limb malformations. With mild hand 
involvement or more severe foot involvement, surgery may 
not be required for a good functional outcome. Syndactyly 
release is often indicated, particularly in the hands. 
Individuals who have absent central fingers and median clefts 
can still achieve good grasping function, but the degree to 
which the first webspace is affected often dictates the need for 
reconstructive surgery in this region of the hand.29 Closure 
of clefts and removal of abnormally oriented phalanges or 
metacarpals is also performed in some cases. Special adap-
tive devices can improve hand use in some patients. When 
severe tibial deficiency is present, early amputation with the 
use of prostheses or a wheelchair may provide the best func-
tional outcome.

Prognosis: In the absence of other nonlimb malformations, 
the prognosis of SHFM depends on the consequences for hand 
function, ambulation, and physical appearance. As many cases 
are nonsyndromal, the outcome is often very favorable with 
respect to growth, health, and development. However, the 
manifestations beyond the limbs can be quite significant in 
the syndromal forms and may impact prognosis to a greater 
degree than the SHFM itself. Patients with SHFM require 
a detailed family history and physical exam with particular 
attention to the presence of ectodermal abnormalities, cleft lip/
palate, hearing, vision, potential internal anomalies, and devel-
opment. High resolution chromosome analysis, microarray 
analysis, TP63 sequencing, and testing of other specific genes 
can help establish a molecular diagnosis and better define the 
long-term prognosis, especially when SHFM is discovered in 
the prenatal or neonatal period.
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2.7 MaCROdaCtYLY

Caleb Bupp 

(Megalodactyly, Partial Acromegaly, Dactylomegaly, Macrodystrophia Lipomatosa, Limited/Digital Gigantism)

Definition: Disproportionate enlargement of one or more digits of the hands and feet.

ICD9/ICD10: 755.57, 755.65/Q74.0, Q74.2 Syndrome Associations (Appendix)
Bannayan-Riley-Ruvalcaba (PTEN)
CLOVES/PIK3CA-related overgrowth spectrum 
(PIK3CA)
Klippel-Trenaunay-Weber
Maffuci
Milroy disease
Neurofibromatosis type 1 (NF1)
Ollier disease
Proteus (AKT1)

Birth prevalence: rare: <1/100,000

Associated anomalies: syndactyly

Laboratory studies: radiographs, gene sequencing in 
affected tissue

Prenatal diagnosis: ultrasonography in some cases

Cause: sporadic, Mendelian, somatic mutation

Macrodactyly typically involves overgrowth of all components 
of a digit including the phalanges, tendons, nerves, vessels, sub-
cutaneous fat, fingernails, and skin (Fig. 2.7.1).1-4 Involvement 
of the metacarpals and metatarsals is not commonly present.5

The affected digit shows thicker, glossy skin and joint stiff-
ness.6 Signs of nerve compression rarely occur.7 Serial mea-
surements of the affected digit can be used in comparison to 
unaffected digits to determine whether macrodactyly is static 
or progressive, and this can aid in the planning of therapeutic 
interventions. Growth can be expected to stop at puberty with 

the cessation of all other skeletal growth.8 Other congenital 
anomalies are not associated with macrodactyly at higher than 
baseline rates.9

There are a few rare cases of both hand and foot involve-
ment. Barsky’s seminal review of this condition noted a pre-
dominance of upper limb involvement, but later studies 
encompassing larger study populations have suggested that 
the hands and feet are affected equally.4 The most commonly 
affected digit in both hands and feet is the second, followed 
by the third.1 There are slightly more males with isolated 
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macrodactyly of the hands and feet, and the left side is more 
commonly affected.3,4 Metatarsal enlargement occurs more 
often than metacarpal enlargement, though neither is com-
mon.1,10 The many differences seen between macrodactyly of 
the hands and feet suggest they may be etiologically distinct.1

Helpful investigations in cases of isolated macrodactyly 
include radiographs and computed tomography to assess the 
extent of bone involvement. Magnetic resonance imaging can 
be used to further clarify this imaging and examine the types 
and involvement of soft tissues. Advanced bone development, 
fatty tissue overgrowth, and enlarged digital arteries can been 
seen on these imaging studies.6 Angiography or lymphangi-
ography can identify vascular or lymphatic changes if these 
types of conditions are in the differential diagnosis.3 Cases 
of macrodactyly visualized on prenatal ultrasound have been 
reported; however, coming to a specific diagnosis prenatally 
can be difficult.11

Macrodactyly can be isolated, acquired due to other dis-
ease processes, caused by errors in development, or associated 
with several syndromes (Table 2.7.1). Isolated macrodactyly 
can be classified as static or progressive. In static macrodac-
tyly, the digit is disproportionately large at birth and remains 
larger than other digits over time while growing at the same 
rate as the other digits. In progressive macrodactyly, the digit 
most often is larger at birth and grows faster than other digits 
over time, becoming more disproportionate. Progressive mac-
rodactyly makes up 90  percent of cases of isolated congeni-
tal macrodactyly.2,5 It is not possible to determine the type of 
growth pattern at birth, but the accelerated growth rate seen 
in progressive macrodactyly can be detected within several 
months of life with definitive classification typically made by 
six months of age.2 Static enlargement typically causes digits to 
be approximately 1.5 times larger than normal, while progres-
sive enlargement can cause digits to become many times larger 
than normal.12 Progressive enlargement occurs more com-
monly in toe macrodactyly, but is seen in equal proportion to 
the static pattern in the hands.4,10 In many cases overgrowth 

of adjacent digits can be seen.1,9 Syndactyly is associated with 
macrodactyly in approximately 10 percent of cases, especially 
in those with affected adjacent digits.3 Macrodactyly is unilat-
eral in 90–95 percent of cases.12

The pathologic findings associated with macrodactyly 
include hypertrophy of bone with fatty marrow and over-
growth of lipomatous and fibrous tissues.3 Some recent cases 
have been reported with unaffected tendons and veins.5 
This fibrofatty tissue appears similar to adult subcutane-
ous fat. The lobules are large and difficult to separate from 
other tissues.1 Enlargement and fatty infiltration of digital 
nerves is a very common finding in macrodactyly involv-
ing the hands, while nerves often appear normal in the feet 
with no hypertrophy or tortuosity.10,13 Fatty tissue typically 
enlarges the lateral and plantar aspects of digits, causing a 
hyperextended appearance to the hands and dorsal curling 
of the toes.14 If two consecutive digits are affected, they will 
often diverge.

There have been no familial cases reported.1,9 With lipo-
matous overgrowth seen histopathologically, a localized over-
activity or inhibition of growth factors could be causative.13 
The resultant overgrowth may disturb circulation and devel-
opment.3 In the upper limbs, based on the finding of nerve 
overgrowth, there may be an alteration in neurotrophic mecha-
nisms.1 Overexpression of certain cytokines has been reported 
in macrodactyly tissue samples.15 There has also been the sug-
gestion of environmental or teratogenic causes.2,9 Others have 
suggested that macrodactyly is caused by a somatic mutation 
appearing in digital embryonic cells at the digit-bud stage.2 
Next-generation sequencing in cases of isolated macrodactyly 
has begun to suggest connections to overgrowth cell-signaling 
pathways like PIK3CA/AKT that have been associated 
with overgrowth syndromes such as Proteus syndrome and 
CLOVES syndrome.16-18

Treatment: Treatment of isolated macrodactyly is best deter-
mined on an individualized basis. Important factors include 
the patient’s age, degree of overgrowth, extent of digital 
involvement, and desired functional outcome. The malalign-
ment caused by overgrowth makes achieving an aesthetically 
and functionally pleasing surgical outcome more difficult.1 
Surgical correction is more difficult in adults with advanced 

Fig. 2.7.1 Isolated macrodactyly in three patients involving right fingers II 
and III (left), right fingers III to V (center), and right toe 2 (right). (Courtesy of 
Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)

TABLE 2.7.1  differential diagnosis of Macrodactyly

Isolated Macrodactyly Static
Progressive

Acquired disease processes Infectious dactylitis
Trauma
Infarction
Osteochondroma
Osteoid osteoma

Tissue Malformation Hemangiomatosis
Arteriovenous malformation
Congenital lymphedema
Enchondroma
Tumor
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macrodactyly due to excessive overgrowth and has generally 
poorer results.19 However, treatment at too early a stage in chil-
dren puts the patient at risk for recurrence of overgrowth. This 
is especially pertinent in cases involving the feet, as they are 
more likely to be progressive. In cases where there is metatar-
sal or metacarpal involvement, surgical removal of the entire 
ray may be necessary to achieve the best results. The goals of 
surgical treatment differ for the hands and feet. The outcome 
of most importance in the feet is often functionality. This 
includes minimal impingement on the ability to walk, an abil-
ity to accommodate regular footwear, and prevention of recur-
rence. Surgical correction may be pursued earlier in children 
with macrodactyly involving the feet to allow for proper motor 
development and coordination. While functionality is impor-
tant for correction of affected hands, such as improving angu-
lation of the affected finger, cosmetic appearance also plays a 
major role.19

REFERENCES

 1. Kalen V, Burwell DS, Omer GE:  Macrodactyly of the hands and feet. 
J Pediatr Orthop 8:311, 1988.

 2. Pearn J, Bloch CE, Nelson MM: Macrodactyly simplex congenita. A case 
series and considerations of differential diagnosis and aetiology. S Afr Med 
J 70:755, 1986.

 3. Khan F, Shah SA, Khan NU, et al.: Our experience with macrodactyly: a 
rare congenital anomaly. Pak J Surg 26:242, 2010.

 4. Krengel S, Fustes-Morales A, Carrasco D, et al.: Macrodactyly: report of 
eight cases and review of the literature. Pediatr Dermatol 17:270, 2000.

 5. Bulut M, Karakurt L, Belhan O, et al.: Ray amputation for the treatment 
of macrodactyly in the foot: report of three cases. Acta Orthop Traumatol 
Turc 45:458, 2011.

 6. Lagoutaris ED, Didomenico LA, Haber LL: Early surgical repair of macro-
dactyly. J Am Podiatr Med Assoc 94:499, 2004.

 7. Tuli SM, Khanna NN, Sinha GP: Congenital macrodactyly. Br J Plast Surg 
22:237, 1969.

 8. Rechnagel K:  Megalodactylism. Report of 7 cases. Acta Orthop Scand 
38:57, 1967.

 9. Barsky AJ: Macrodactyly. J Bone Joint Surg Am 49:1255, 1967.
 10. Ahn JH, Choy WS, Kim HY, et al.: Treatment of macrodactyly in the adult 

foot: a case report. Foot Ankle Int 29:1253, 2008.
 11. Yüksel A, Yagmur H, Kural BS: Prenatal diagnosis of isolated macrodac-

tyly. Ultrasound Obstet Gynecol 33:360, 2009.
 12. Weinstein SL, Flynn JM, eds.:  Lovell & Winter’s Pediatric Orthopaedics,  

ed 7. Lippincott Williams & Wilkins, Philadelphia, 2013.
 13. Syed A, Sherwani R, Azam Q, et al.: Congenital macrodactyly: a clinical 

study. Acta Orthop Belg 71:399, 2005.
 14. Natividad E, Patel K: A literature review of pedal macrodactyly. Foot Ankle 

Online J 3:2, 2010.
 15. Lau FH, Xia F, Kaplan A, et al.: Expression analysis of macrodactyly iden-

tifies pleiotrophin upregulation. PLoS One 7:e40423, 2012.
 16. Rios JJ, Paria N, Burns DK, et al.: Somatic gain-of-function mutations in 

PIK3CA in patients with macrodactyly. Hum Mol Genet 22:444, 2013.
 17. Biesecker LG, Spinner NB: A genomic view of mosaicism and human dis-

ease. Nat Rev Genet 14:307, 2013.
 18. Keppler-Noreuil KM, Sapp JC, Lindhurst MJ, et al.: Clinical delineation 

and natural history of the PIK3CA-related overgrowth spectrum. Am J 
Med Genet A 164A:1713, 2014.

 19. Akinci M, Ay S, Erçetin O: Surgical treatment of macrodactyly in older 
children and adults. J Hand Surg Am 29:1010, 2004.

2.8 CaMPtOdaCtYLY

(Streblodactyly, Flexion Contracture of a Finger/Toe, Trigger Finger, Hammer Toe)

Definition: Abnormal curvature of one or more digits in a flexed position.

ICD9/ICD10: 755.8, 718.44, 727.03, 755.66, 718.47/
Q74.8, M24.549, M65.30, Q66.89, M24.576

Syndrome Associations (Appendix)
Camptodactyly-arthropathy-coxa vara-pericarditis (PRG4)
Camptodactyly-tall stature-hearing loss [CATSHL] (FGFR3)
Congenital contractural arachnodactyly/Beals/Distal 
arthrogryposis type 9 (FBN2)
Distal arthrogryposis type 1 (TPM2, MYBPC1)
Distal arthrogryposis [other types]
Freeman-Sheldon/Distal arthrogryposis type 2A (MYH3)
Gordon/Distal arthrogryposis type 3 (PIEZO2)
Marfan (FBN1)
Mucopolysaccharidosis and mucolipidosis [multiple types]
Myotonic dystrophy type 1 (DMPK)
Sheldon-Hall/Distal arthrogryposis type 1B (TPM2, TNNI2, 
TNNT3, MYH3)
Shprintzen-Goldberg (SKI)
Trismus-pseudocamptodactyly/Distal arthrogryposis type 
7 (MYH8)
Trisomy 8 mosaicism
Trisomy 18

Birth prevalence: not well established but considered 
relatively common

Associated anomalies: absent digital flexion creases, 
volar “contracture bands”, dorsal “knuckle pads”, 
clinodactyly, symphalangism, long digits, other digit 
malformations, other joint contractures, Dupuytren 
contracture

Laboratory studies: radiographs, chromosome analysis 
including mosaicism study, genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian (AD)
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The term camptodactyly is used to describe a digit that is persis-
tently held in a flexed position, resulting in curvature toward the 
palm or sole. Alternatively, an expert working group on dysmor-
phology terminology has defined camptodactyly as being present 
when “the distal interphalangeal and/or proximal interphalan-
geal joints of the fingers cannot be extended to 180 degrees by 
either active or passive extension” and distinguishes this from a 
clenched hand, in which “all digits [are] held completely flexed at 
the metacarpophalangeal and interphalangeal joints”.1

The abnormality affects one or more proximal interpha-
langeal (PIP) or distal interphalangeal (DIP) joints and most 
often involves the PIP joints of the fingers but may also involve 
the toes (Fig. 2.8.1). The affected IP joints can be fixed, result-
ing in complete flexion contractures, or they may have some 
degree of mobility with flexion, but neither the patient nor 
the examiner is able to fully extend them and thus straighten 
the digit. The degree of involvement can range from mild to 
severe, and minor camptodactyly of the fingers in an infant 
or young child is often missed unless the parent or examiner 
notices an abnormality in finger position, finger mobility, or 
hand use. Thus, the best means of detecting camptodactyly 
on physical examination is to carefully manipulate each finger 
in both flexion and extension. The digital flexion creases may 
also be faint or absent as a result of reduced in utero move-
ment. Due to the relatively smaller sizes of the toe phalanges 
as compared to the finger phalanges, camptodactyly of the 
toes is often difficult to detect in an infant, a child, or even an 
adult unless it is severe. Radiographs are not usually required 
to make the diagnosis but may be indicated to rule out the 
presence of bony fusion, as with proximal or distal symphal-
angism. In contrast to camptodactyly, the term “pseudocamp-
todactyly” refers to fingers that have short flexor tendons and 
are not persistently flexed but assume a flexed position with 
hyperextension of the wrist.

Temtamy and McKusick described the typical findings 
in isolated camptodactyly, noting that the fifth fingers are 
virtually always affected, fingers II–IV are less frequently 
involved, the thumbs are rarely affected, and the findings 
are often bilateral.2 They noted that flexion at the PIP joints 
is usually associated with hyperextension at the metacarpo-
phalangeal (MCP) joints and sometimes at the DIP joints.2 
They also noted that the affected fingers are often slender 
with tight/thin skin and absent flexion creases, and that 
there may be palpable “contracture bands” on the volar 
surfaces of the affected joints, which represent bands of 
fascia adherent to the skin.2 Thickened subcutaneous tis-
sue (“knuckle pads”) can occur on the dorsal aspects of the 
involved PIP joints in the fingers, and camptodactyly can 
also affect the toes, most often the second toes.3,4

When camptodactyly presents as an isolated malforma-
tion as described above, it occurs sporadically or is inherited 
as an autosomal dominant trait with incomplete penetrance 
and variable expression, often going unrecognized in mildly 
affected persons.2,3 In 1978, Temtamy and McKusick noted that 
this malformation was either more common in girls or equally 

common among the sexes.2 More recently, Malik et al. noted 
that males are more mildly affected than females and studied 
a four-generation family with autosomal dominant isolated 
bilateral camptodactyly of the fifth fingers with knuckle pads 
overlying the PIP joints of the fifth fingers with or without 
similar pads on the second, third, and occasionally the fourth 

Fig. 2.8.1 Camptodactyly of fingers and toes in a 13-year-old boy with mosaic 
trisomy 8.
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fingers.3 The camptodactyly was more pronounced in females 
and manifested with slow progression in childhood but sta-
bility into adulthood. Through genome-wide linkage analysis, 
they mapped a locus for this malformation to chromosome 3q, 
but thus far a causative gene has not been identified. Of note, 
knuckle pads also occur with epidermolytic palmoplantar ker-
atoderma, and camptodactyly was reported in one form of this 
disorder due to a mutation in the KRT9 gene.5 Camptodactyly 
and knuckle pads also occur in Dupuytren contracture, which 
is an autosomal dominant fibroproliferative disorder of the 
palmar (and occasionally plantar) fascia that manifests in 
adulthood.2,3 Other forms of camptodactyly with or without 
associated digit anomalies have also been described, including 
a sporadic case of progressive camptodactyly involving multi-
ple fingers and toes, and an autosomal dominant phenotype of 
fifth finger camptodactyly/clinodactyly, ulnar clinodactyly of 
the third fingers, and camptodacytly of toes II–IV, with severe 
syndactyly/synpolydactyly in a few individuals.6,7

It is important to note that camptodactyly can occur as 
a congenital malformation, a congenital deformation, or an 
acquired deformation, depending on whether it results from a 
primary developmental anomaly or a secondary process affect-
ing the phalanges, interphalangeal joints, muscles, or tendons. 
When camptodactyly is present at birth, it can be difficult to 
determine whether it represents a malformation or a deforma-
tion. A primary developmental abnormality may be suspected 
in the presence of other physical findings that suggest an under-
lying chromosome abnormality or multiple malformation syn-
drome or in the context of a family history of camptodactyly 
or other joint contractures that suggests distal arthrogryposis 
or another heritable disorder affecting the joints. In contrast, 
a history of reduced fetal movement or the presence of hypo-
tonia, muscle weakness, other neurologic findings, or other 
joint contractures may suggest a deformational mechanism. In 
the latter situation it is important to remember that campto-
dactyly can be the secondary result of an underlying genetic 
condition, such as congenital myotonic dystrophy or another 
neuromuscular disorder. Congenital or acquired camptodac-
tyly is an important but potentially subtle manifestation of 
certain lysosomal storage disorders, such as the mucopoly-
saccharidoses and mucolipidoses, due to deposition of stor-
age material in the digital soft tissues and joints. Acquired 
hammer toe deformities, often in association with pes cavus, 
should prompt consideration of Charcot-Marie-Tooth dis-
ease or another form of neuropathy. Camptodactyly occurs in 
over 150 syndromes.7 The most notable examples are the vari-
ous types of distal arthrogryposis, such as Freeman-Sheldon 
syndrome, Sheldon-Hall syndrome, Gordon syndrome, and 
congenital contractural arachnodactyly (Beals syndrome). 
Camptodactyly with overlapping fingers occurs in Trisomy 
18, and finger and toe contractures are a typical but variable 

finding in mosaic Trisomy 8 (Fig. 2.8.1). Trauma and other 
nongenetic causes are important considerations in patients 
with acquired camptodactyly.

The prevalence of isolated camptodactyly is not well 
established, but the isolated form as reviewed by Temtamy 
and McKusick is considered to be relatively common.2,3 Based 
on earlier data cited by the latter authors, the prevalence 
may be approximately 0.3–0.8  percent among school-aged 
children.2

Treatment: The goal of treatment for camptodactyly of 
the hand is to improve finger mobility and overall func-
tion. Some cases may be mild and require no treatment.8 
When treatment is needed, a conservative (nonsurgical) 
approach is initially indicated, as the outcome of surgery is 
often unpredictable and associated with complications such 
as scarring and loss of flexion.8,9 Nonsurgical approaches 
include splinting and serial casting, and passive finger 
stretching without a need for splinting or casting was also 
shown to be an effective method in children under the age of 
three who have simple camptodactyly.8,9 When contractures 
are moderate to severe (60–90 degrees) or unresponsive to 
conservative treatment, surgical approaches such as soft tis-
sue release and tendon transfer may be indicated but should 
be done with extreme caution.8,9 Occupational therapy is an 
important therapeutic consideration when camptodactyly 
affects hand use or activities of daily living.

Prognosis: The prognosis of camptodactyly is often good but 
depends on the degree to which hand function is ultimately 
affected, and on the presence of other physical or developmen-
tal abnormalities.
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2.9 CLUBFOOt

(Talipes Equinovarus)

Definition: A congenital contracture of the foot and ankle characterized by plantar flexion at the ankle, inward rotation of the 
sole of the foot, and medial deviation of the forefoot and midfoot.

ICD9/ICD10: 754.51/Q66.0 Syndrome Associations (Appendix)
Amniotic band sequence
Amyoplasia
Diastrophic dysplasia (DTDST)
Distal arthrogryposis (multiple types and genes)
Ehlers-Danlos (multiple types and genes)
Larsen (FLNB)
Loeys-Dietz (TGFBR1, TGFBR2, TGFB2, SMAD3)
Myotonic dystrophy type 1 (DMPK)
Shprintzen-Goldberg (SKI)
TARP (RBM10)
Sex chromosome aneuploidies (47,XXY; 47,XYY; 47,XXX)
Trisomy 18
Velocardiofacial/DiGeorge (del 22q11.2)

Birth prevalence: ~1/700–1/1,000, but highly dependent 
on the population studied

Associated anomalies: tibial deficiency, other lower limb 
malformations, neural tube defects

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable

Cause: sporadic, chromosomal, Mendelian, multifactorial, 
deformational

The term clubfoot refers to a foot that is usually fixed in a 
markedly abnormal position.1-5 The typical position is talipes 
equinovarus, with the ankle in plantar flexion (equinus), the 
sole of the foot rotated inward (hindfoot varus), and the fore-
foot and midfoot deviated medially (adductus) (Fig. 2.9.1).4,5 
Other forms of clubfoot, including talipes equinovalgus and 
metatarsus varus, can also occur.6 Clubfoot is often accom-
panied by underdevelopment of the calf muscles in the 
affected limb.4,5 Fifty percent of cases are bilateral, and the 
right foot is more commonly affected when the condition 
is unilateral.2,4,5 The diagnosis is made clinically, and radio-
graphs demonstrate abnormal bony alignment in the foot 
and ankle.

In approximately 80  percent of cases, clubfoot is an 
isolated and idiopathic finding, and males are consistently 

affected twice as often as females in studies among different 
ethnic groups.1-4 The underlying cause of clubfoot has long 
been the subject of speculation, with multiple etiologies hav-
ing been proposed including abnormalities of the muscles, 
bones, or connective tissues, abnormal neurologic function, 
vascular factors, and in utero pressure.5,6 Undoubtedly, club-
foot is a heterogeneous phenotype. In some cases it appears 
to be a malformation resulting from a primary abnormal-
ity of musculoskeletal development, as when it occurs in the 
context of an underlying skeletal dysplasia, complex lower 
limb malformation (i.e., tibial deficiency), connective tissue 
disorder, chromosome abnormality, multiple malformation 
syndrome, or genetically determined form of arthrogrypo-
sis (i.e., the distal arthrogryposes). In other cases it is con-
sidered a deformation resulting from reduced movement 
attributable to either an intrinsic cause (i.e., a neural tube 
defect, a neuromuscular disorder, or amyoplasia) or an 
extrinsic factor (i.e., oligohydramnios or other forms of in 
utero constraint).

In isolated clubfoot cases of unclear etiology, multifactorial 
inheritance is thought to be the primary causative mechanism, 
and several lines of evidence strongly suggest that genetic fac-
tors are important, including a family history of clubfoot in 
approximately 25 percent of cases, higher concordance between 
monozygotic (33  percent) versus dizygotic twins (3  percent), 
and differences in prevalence across populations.1-5 In some 
cases, the action of a single gene via either an autosomal domi-
nant or recessive mechanism with reduced penetrance appears 
to be at work.7 Studies have examined possible associations with 
maternal and pregnancy-related factors,8 and one of the stron-
gest associations appears to be with maternal smoking during 
pregnancy.5 A variety of genetic factors with small to moderate Fig. 2.9.1 Clubfoot. Varus clubfoot in otherwise normal infant.
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effects may contribute to isolated clubfoot in different popula-
tions.4 Pinpointing these factors has been the subject of inten-
sive research, and recent progress has begun to shed some light 
on the genetic and molecular basis of this condition. Various 
genetic associations have been observed, and a potential associ-
ation with variants in genes involved in muscle contractile func-
tion, including some of those mutated in some forms of distal 
arthrogryposis, has been the subject of recent investigation.3-5

Notably, abnormalities of two specific genes, PITX1 and 
TBX4, have been identified in rare cases of idiopathic club-
foot. In a family with autosomal dominant clubfoot, Gurnett 
et  al. mapped the responsible locus and identified a mis-
sense mutation in PITX1 in all affected individuals and in 
five nonpenetrant female carriers.2 There were a variety of 
other limb manifestations in affected individuals, includ-
ing right tibial absence with preaxial polydactyly of the right 
foot in the proband (who had bilateral clubfoot), bilateral 
oblique talus with pes planus in two individuals, and bilateral 
patellar hypoplasia in three cases. The mutation affected the 
DNA-binding domain of PITX1, causing a reduced ability to 
induce transcriptional activity via a dominant-negative mech-
anism. PITX1 is predominantly expressed in the hindlimb, 
and the fact that tibial hemimelia and clubfoot are more often 
right-sided suggested that altered PITX1 function may help to 
explain this preferential right-sided involvement. Subsequent 
studies have identified deletions involving PITX1 in rare cases 
of either dominantly inherited clubfoot or more complex limb 
malformations, including tibial hemimelia and mirror-image 
polydactyly.9

Among 66 probands with isolated idiopathic clubfoot and 
at least one affected first-degree relative, Alvarado et al. identi-
fied an almost identical 2.2 megabase 17q23.1q23.2 microdu-
plication encompassing TBX2 and TBX4 in three families and 
a reciprocal deletion in an affected sibling pair.1 The duplica-
tions segregated with clubfoot but were only 70 percent pen-
etrant, all affected individuals were male, and all but one case 
of clubfoot were bilateral. One female who was nonpenetrant 
for the clubfoot phenotype had hip dysplasia, and a variety 
of other subtle skeletal anomalies from the pelvis to the hal-
lux were also observed. The fact that TBX4 is suspected to be 
a transcriptional target of PITX1 made TBX4 and TBX2 the 
most likely candidate genes for clubfoot in this chromosome 
region, and the authors concluded that copy number vari-
ants (CNVs) in this region of chromosome 17q were the most 
common cause of isolated clubfoot identified to date.1 A sub-
sequent study identified a small duplication encompassing 
TBX4 in a large multigenerational family with a variable auto-
somal dominant phenotype consisting of clubfoot or short/
wide feet.10 However, the fact that only one of approximately 
600 probands with isolated clubfoot had this duplication sug-
gested that variations involving this gene do not appear to be 
major contributors to isolated clubfoot. A  subsequent study 
of over 400 probands with isolated clubfoot identified poten-
tially important recurrent CNVs or aneuploidy (most notably 
47,XXY) in 2 percent of the cohort.3 Although the overall fre-
quency of CNVs was not higher in this group as compared to 
controls, 12 rare variants were found to segregate with club-
foot in individual families, including variants encompassing 

PITX1, TBX4, HOXC13, and several other genes involved in 
the regulation of transcription.

Alberman noted that associated anomalies are present in 
approximately 11–13 percent of clubfoot cases and mentioned 
cleft palate, toe syndactyly, and sacral agenesis as examples.6 
Overall, approximately 20 percent of clubfoot cases are due to 
underlying conditions, including the various forms of distal 
arthrogryposis, congenital myotonic dystrophy, neural tube 
defects, and amniotic band sequence.1,5 Skeletal dysplasias 
such as diastrophic dysplasia, and connective tissue disorders 
including Larsen syndrome, Loeys-Dietz syndrome, and some 
forms of Ehlers-Danlos syndrome, are also important diag-
nostic considerations. Clubfoot has been seen with a number 
of chromosome abnormalities, but the risk of aneuploidy in 
isolated cases of clubfoot that are diagnosed prenatally is low 
(1.7–3.6 percent), with approximately half of these represent-
ing sex chromosome aneuploidies.11

The prevalence of clubfoot largely depends on the popu-
lation under study. As recently summarized by Bacino and 
Hecht, the overall prevalence is approximately 1 per 700–1000 
livebirths, with the highest rate in persons of Polynesian back-
ground (6.8 per 1000) and the lowest rate in Chinese individuals 
(0.4 per 1000).5 In the United States from 2001–2005, the birth 
prevalence was 1.29 per 1000, and studies have shown that the 
prevalence is lower in African Americans than in Caucasians.

Treatment: The goals of clubfoot treatment are to normalize 
the alignment and mobility of the foot as much as possible 
and to minimize the likelihood of a recurrent deformity. As 
recently reviewed by Gray et al., many different conservative 
treatment approaches are favored, including stretching, cast-
ing, bracing, minor surgery that does not involve the ankle 
or foot joints, and botulinum toxin.12 The initial approach 
most often consists of serial casting using the Ponseti method, 
which involves weekly ankle manipulation and application of 
plaster casts for six to eight weeks, followed by an Achilles 
tenotomy in most cases and use of a “boots and bar” brace on 
a continual basis for three months and then during sleep until 
four years of age. Although this technique has been associated 
with excellent long-term outcomes, relapses occur in almost 
40 percent of children by age two years and in almost 50 per-
cent by age four years.12 While major surgery has traditionally 
been used for relapses, newer trends suggest that conservative 
methods are also preferred in this circumstance.12 Based on 
an evaluation of multiple treatment trials, additional studies 
are needed to optimize short-term and long-term treatment 
of clubfoot.12

Prognosis: The prognosis of clubfoot is often good but 
depends on the degree to which foot alignment and gait are 
ultimately affected by a residual deformity. In more complex 
cases, the prognosis also depends on the presence of associated 
physical or developmental abnormalities.
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3 | PECTORAL AND PELVIC GIRDLES

LOUANNE HUDGINS AND NEDA ZADEH

introdUction

The pectoral girdle comprises the scapulae, clavicles, and humeri 
plus the intervening glenohumeral, acromioclavicular, and ster-
noclavicular joints, which provide stability and movement of the 
shoulder. The glenohumeral joint between the head of the humerus 
and the glenoid cavity of the scapula allows adduction, abduction, 
and medial and lateral rotation, as well as flexion and extension of 
the upper arm. The acromioclavicular joint—between the acro-
mion process of the scapula and lateral clavicle and the sternocla-
vicular joint connecting the manubrium of the sternum, the first 
costal cartilage, and the medial end of the clavicle—frames and 
stabilizes the pectoral girdle around the upper thorax. All joints in 
the pectoral girdle move harmoniously, therefore a defect in any 
part of the girdle may cause instability and impaired movement of 
the upper limb and thorax.

The pelvic girdle consists of the bilateral hip bones (ilia, 
ischia, and pubis), sacrum, and coccyx. This series of bones 
and fused joints articulates with the spine at the fifth lumbar 
vertebra and with the femurs at the acetabulum within the 
sacrum (sacroiliac joint). The hip bones also connect in the 
midline at the symphysis pubis. The pelvic girdle functions to 
support the weight of the body through the vertebral column 
and absorbs forces of ambulation. Deformation or dysplasia 
of the bones or joints of the pelvic girdle can cause pain, limit 
flexibility, and hinder mobility.

A N AT O M I C A L  E M B RY O L O G Y

The pectoral and pelvic girdles are derived from the fore-
limb and hindlimb buds. Most of these bones are formed by 

establishing hyaline cartilage models followed by ossification 
(endochondral bone formation). However, the clavicle forms 
in part directly from mesoderm cells by the process of intra-
membranous ossification. Thus, medial and lateral primary 
ossification centers appear in the sixth week and rapidly grow 
together, while at either end, chondrogenesis occurs followed 
by ossification.

The sternum is not derived from limb bud mesenchyme. 
Instead, it arises independently as two sternal bands of car-
tilage in the parietal layer of lateral plate mesoderm. These 
bands begin to fuse in the seventh week, differentiating into 
the manubrium, sternal body, and xiphoid process by the 
ninth week. Clefting and perforations of the xiphoid process 
occur when fusion is incomplete in this region. Perforations 
due to fusion abnormalities occur less frequently in other 
regions.

M O L E C U L A R  E M B RY O L O G Y

Formation of the shoulder and pelvic girdles is dependent 
upon the same molecular factors that regulate proximo-distal 
outgrowth of the limb bud, including FGFs and TBXs. 
Chondrogenesis is mediated by multiple growth factors (e.g., 
FGFs, BMPs), morphogens such as Indian hedgehog (IHH), 
and members of the Sox and Runx transcription factor 
families.1
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3.1 clavicUlar HYPoPlasia or aPlasia

Definition: Poorly formed or absent clavicles.

ICD9/ICD10: 755.5/Q68.8 Syndrome Associations (Appendix)
Aase
Achondrogenesis I and II (TRIP11, COL2A1)
CDAGS
CHILD (NSDHL)
Cleidocranial dysplasia (RUNX2)
Crane-Heise
Focal dermal hypoplasia (PORCN)
Hypophosphatasia (TNSALL)
Lenz microphthalmia
Mandibuloacral dysplasia (LMNA, ZMPSTE24)
Marden-Walker
Melnick-Needles (FLNA)
Pycnodysostosis (CTSK)
Ulnar-Mammary (TBX3)
Yunis-Varon (FIG4)

Birth prevalence: very rare, 1/300,000

Associated anomalies: variable short stature, large 
anterior fontanel, dental anomalies, short middle 
phalanx of the fifth fingers, vertebral anomalies

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography, CVS, or 
amniocentesis with targeted mutation testing if familial 
disease-causing variant is known

Cause: chromosomal, Mendelian (AD, AR, XL), 
microduplications

Absence or incomplete development of the clavicle is often 
manifested by the appearance of narrow and/or sloping shoul-
ders with elongation of the neck. The affected individual may 
be able to painlessly approximate the shoulders in the midline 
over the anterior chest.1,2 Palpation reveals either absence of 
the clavicle or deficiency, especially toward the acromial end. 
Radiographs confirm the diagnosis.

Congenital clavicular hypoplasia/aplasia is almost always 
bilateral and affects both males and females. Its presence 
should prompt the search for other abnormalities that will 
allow recognition of a specific syndrome or skeletal dysplasia. 
The most frequent of these syndromes is cleidocranial dyspla-
sia, in which other manifestations include a large, late-closing 
anterior fontanel and variable short stature (Fig. 3.1.1).1

Heterozygous mutations in RUNX2 (also known as 
CBFA1) cause cleidocranial dysplasia, and molecular testing is 
clinically available via sequencing analysis followed by dele-
tion/duplication analysis. The RUNX2 gene regulates the dif-
ferentiation of precursor cells into osteoblasts and plays a role 
in membranous and endochondral bone formation. Because 
clavicular hypoplasia may be present in a variety of other skel-
etal dysplasias, a full skeletal survey is indicated in most indi-
viduals.2-6 If developmental delay and abnormalities involving 
other systems are present, chromosome analysis and/or micro-
array analysis is indicated, as this finding has been reported in 
a variety of chromosome abnormalities. Furthermore, micro-
array detects microdeletions or microduplications involving 
RUNX2 and other key genes. Crane-Heise syndrome is char-
acterized by poorly mineralized calvaria, intrauterine growth 
restriction dysmorphic features, vertebral abnormalities and 
absent clavicles. The gene for this condition is not known, but 

Fig. 3.1.1 Top: Aplasia of the clavicle in a 3½-year-old girl with cleidocranial 
dysplasia. Bottom: Hypoplasia of the clavicles in an infant with cleidocranial 
dysplasia.
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it appears to be transmitted autosomal recessively and is typi-
cally a neonatal lethal condition. Other conditions with cla-
vicular aplasia are listed in Syndrome Associations.

Treatment: In general, clavicular hypoplasia/aplasia does not 
cause significant functional impairment. However, pain and 
impaired function and movement of the shoulder, in addition 
to cosmetic deformity, have been described. Treatment of the 
clavicular abnormality is concerned principally with preven-
tion of injury to the neurovascular and musculoskeletal struc-
tures of the shoulder girdle by limitation of physical activities 
and sports. Lengthening of the clavicle with distraction osteo-
genesis has been used in symptomatic patients to improve 
shoulder comfort, function, and appearance.7

Prognosis: Prognosis depends on the specific diagnosis.
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3.2 clavicUlar PseUdoartHrosis

Definition: Absence of a middle segment of the clavicle.

ICD9/ICD10: 755.5/Q74.0 Syndrome Associations (Appendix)
Craniofrontonasal dysplasia (EFNB1)
Floating-Harbor (SRCAP)
del 1q21.1
del 10p11.2

Birth prevalence: unknown, but rarely reported

Associated anomalies: short stature, irregular upper 
dentition

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian (AD, XL), microdeletions

This congenital malformation presents as a swelling just lat-
eral to the middle of the clavicle during the newborn period. 
Classically it is painless. Swelling and excessive mobility are 
progressive with age. It is primarily of cosmetic concern, 
although infrequently complaints of mild pain and shoulder 
discomfort are noted, especially on palpation and manipula-
tion.1-3 The shoulder on the affected side is held slightly for-
ward, lower, and closer to the midline. The portions of the 
clavicle adjacent to the pseudoarthrosis tend to be expanded, 
and fibrous tissue often extends between the two. The sternal 
segment always overlies and is above the acromial segment. 
The diagnosis is easily confirmed by radiography. There is no 
callus or reactive bone.

The prevalence of clavicular pseudoarthrosis is unknown, 
but it is probably more frequent than suggested in the literature. 
The majority are right-sided, with only 10 percent reported as 
bilateral.1 When left-sided, dextrocardia and situs inversus 
may be present.2 Cervical ribs are not infrequent. This con-
dition is not associated with trauma, neurofibromatosis type 
1, or fibrous dysplasia. Autosomal dominant inheritance has 
been reported, and it has been noted in craniofrontonasal dys-
plasia, an X-linked condition, and in the Floating-Harbor syn-
drome, an autosomal dominant condition. A few chromosome 

microdeletions have been observed in association with this 
congenital malformation. Pseudarthrosis of the right clavi-
cle along with a beaten copper cranium appearance on skull 
X-ray has been described in a male patient with 10p11.21p12.1 
microdeletion.3 Patients with chromosome deletions involving 
both the TAR locus, as well as more distal regions on 1q21.1 
(classified as class II deletions), have been observed with cla-
vicular pseudoarthrosis and anomalous origin of the coronary 
artery.4

The etiology is unclear, and most cases are sporadic. 
Various theories have been advanced. One hypothesis is that 
there is failure of coalescence of a double ossification center. 
Others believe that this abnormality is due to chronic pres-
sure by a high subclavian artery with or without associated 
cervical ribs.

Treatment: About one-half of the cases are asymptomatic, 
and no treatment is indicated when functional capacity is 
satisfactory. These cases either remain symptom free or heal 
spontaneously. Surgical treatment by excision of the fibrous 
interposing soft tissues, bone grafting, and, at times, inter-
nal fixation generally provide excellent cosmesis and relief of 
symptoms.1
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Prognosis: Results after surgery in symptomatic patients 
appears satisfactory.
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3.3 altered sHaPe and otHer aBnormalities of tHe clavicle

Definition: Thickening, broadening, thinning, or alterations in the typical f-shaped configuration of the clavicle.

ICD9/ICD10: 755.5/Q68.8 Syndrome Associations (Appendix)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 

RAD21, HDAC8)
Mucolipidoses (GNPTAB, GNPTG)
Mucopolysaccharidoses I/V (IDUA), II (IDS), IIIA (SGSH), 

IIIB (NAGLU), IIIC (HGSNAT), IIID (GNS), IVA 
(GALNS), IVB (GLB1), VI (ASRB), VII (GUSB)

Osteogenesis imperfecta (COL1A1, COL1A2, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)

Osteoscleroses (SOST)
Turner (45,X)
Trisomy 18
Mosaic trisomy 8

Birth prevalence: unknown

Associated anomalies: other skeletal abnormalities

Laboratory studies: radiographs

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

Altered or dysplastic shape of the clavicle is usually a secondary 
abnormality, found incidentally on X-ray. The clavicle is a long 
bone gently curved like the italic letter f, presenting a double 
curvature, the convexity directed forward at the sternal end and 
the concavity at the scapular end. Its lateral third has a rounded 
or prismatic form. Malformation of the clavicle can result in 
pain and impaired function with restricted shoulder movement. 
The functional disability or impairment depends on the severity 
of the malformation as well as the underlying condition.

Morphological alterations of the clavicle changes can be 
found in many syndromes; they are not specific, and their 
etiologies are varied (Fig. 3.3.1). Thickening can be a feature 
of the mucopolysaccharidoses, mucolipidoses, and osteoscle-
roses. Slender and gracile clavicles are noted in chromosomal 
abnormalities such as Trisomy 18 and Turner syndrome. 
A  hook-like configuration of the lateral clavicle is found in 
Osteogenesis imperfecta, Cornelia de Lange syndrome, and 
mosaic Trisomy 8.  A  unilateral supernumerary clavicle has 
been described.1

Treatment: The majority of morphologic changes to the clav-
icle cause little or no functional limitation or cosmetic impact 
and do not require specific attention. Recently, clavicle length-
ening by distraction osteogenesis for clavicular hypoplasia has 
been described that enables gradual correction with minimal 
risk to the brachial plexus.2

Prognosis: The altered clavicular morphology causes little or 
no symptoms, but the skeletal and other manifestations in the 
associated syndromes may produce lifelong disability.
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3.4 sPrenGel anomalY

(Congenital High Scapula, Undescended Scapula, Elevated Scapula)

Definition: Congenital upward displacement of the scapula.

ICD9/ICD10: 755.56/Q74.0 Syndrome Associations (Appendix)
Hydrocephalus-costovertebral dysplasia-Sprengel anomaly
Klippel-Feil
Kosenow
MURCS

Birth prevalence: unknown

Associated anomalies: rib anomalies, vertebral 
anomalies, clavicular abnormalities, scoliosis, cervical 
segmentation defects, neck and shoulder muscle 
hypoplasia, diastematomyelia, renal anomalies

Laboratory studies: radiographs, CT

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian (AD)

Sprengel anomaly is the most frequently encountered malfor-
mation of the scapula. As viewed from behind, the shoulder 
and scapula are higher and displaced forward on the affected 
side (Figs. 3.4.1, 3.4.2). If bilateral, the neck appears short and 
broad due to elevation of both scapulae. The left side is more 
often affected. The superior angle of the scapula may be at the 
level of the fourth cervical vertebrae and the inferior angle 

at the second thoracic vertebrae. Upward angulation of the 
clavicle is often noted, and approximately 25–50  percent of 
patients have a rhomboid or trapezoid-shaped omovertebral 
bone.1,2 Occasionally it can be palpated. This bone attaches 
to the scapula from its superior median angle or upper 
third of the median border to the spinous process lamina or 
transverse process of one of the cervical vertebrae (fourth to 

Fig. 3.3.1 A. Undermineralized horizontal clavicles in infant with Osteogenesis imperfecta and multiple ribs and long bone fractures. B. Thin clavicles in 23 week 
female fetus with Osteogenesis imperfecta with long bone fractures. C. Gracile clavicles in a female infant with Trisomy 18. D. Thick clavicles in 6-year-old boy with 
Mucopolysaccharidosis II.



186 |  H U m a n  m a l f o r m at i o n s  a n d  r e l at e d  a n o m a l i e s

seventh). Abnormalities of the shoulder girdle muscles are 
frequent, especially involving absence or fibrosis of the trape-
zius. Weakness and fibrosis can affect the rhomboids, levator 
scapulae, pectoral, latissimus, serratus anticus, and the sterno-
cleidomastoid muscles. Despite these abnormalities, range of 
shoulder motion may be unexpectedly full. Cervicothoracic 
scoliosis and torticollis are common.

Four degrees of severity based on the clinical appear-
ance have been described by Cavendish.3 Level shoulders and 
absence of visible anomaly in the dressed patient is Grade 1. In 
Grade 2 the shoulders are almost level, but a lump is vis-
ible in the web of the neck. In Grade 3 the shoulder on the 
affected side is elevated 2–5  cm, and the elevated scapula is 
easily noted. In the most severe form, Grade 4, the shoulder 
is elevated and the superior angle of the scapula lies near the 
occiput. Plain radiographs will show the relation of the scapu-
las to one another and to the vertebral column, the presence 
of scoliosis, segmentation anomalies of the vertebrae, and the 
presence of the omovertebral bone.

Over 70 percent of patients with Sprengel anomaly have 
other anomalies, including Klippel-Feil anomaly, MURCS 

association, scoliosis, hemivertebrae or other segmentation 
anomalies of the vertebrae, rib anomalies, clavicular anoma-
lies, renal abnormalities, hypoplasia of the muscles of the 
neck and shoulder, and tethered cord.4,5 Cervical spina bifida 
has also been described in rare cases. Scapuloiliac dysosto-
sis (Kosenow syndrome) is a rare skeletal dysplasia associ-
ated with marked hypoplasia of the scapulae, clavicles, and 
pelvis, as well as eye, rib, and vertebral anomalies.2 A  rare 
syndrome, thus far described in only eight female patients, is 
associated with hydrocephalus, costoverterbal dysplasia and 
Sprengel anomaly, and has been described along with fea-
tures of cognitive impairment, psychosis, and brachydactyly. 
The mode of transmission has not been completely estab-
lished but is suspected to be either autosomal or X-linked 
dominant.6

The scapula appears in the fifth week and migrates cau-
dally to its final position at the level of the second to seventh or 
eighth thoracic vertebra.7 What causes the failure of descent is 
not known. Males and females are equally affected. Incidence 
is not known. The majority of cases are sporadic, although 
autosomal dominant inheritance has been reported.1

Treatment: In general, the main surgical goal is to improve 
shoulder function and cosmetic appearance. In mild cases, 
generally Grades 1 and 2, surgical treatment is not neces-
sary. In more severe cases the medial border of the scapula 

Fig. 3.4.2 Top: Preoperative radiographic appearance of a Sprengel anomaly 
of the right scapulae in an 11-year-old girl. Bottom: Postoperative appearance; 
the right scapula lies below the level of the clavicle.

Fig. 3.4.1 Elevated right scapula (Sprengel anomaly) in a 12-year-old girl with 
Klippel-Feil anomaly.
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may make contact with the spinous process of adjacent ver-
tebrae. The superior portion of the scapula may also curve 
forward over the apex of the thorax, resulting in deformity of 
the clavicle.7 It is not known if this altered anatomy leads to 
early degenerative changes in the shoulder. If the functional 
handicap and cosmetic appearance are severe, surgical treat-
ment can be offered. This is usually performed between three 
and eight years of age. Surgical repair after age eight may not 
provide substantial improvement due to loss of biological 
plasticity of soft tissues and fibrosis, resulting in loss of func-
tion. Numerous surgical procedures have been developed, 
and there is considerable controversy as how extensive treat-
ment should be and which techniques offer the best results.7-9 
The Woodward procedure (first decribed in 1961)  is scapula 
repositioning that involves detachment of the insertions of the 
shoulder girdle musculature on the scapula and removal of 
fibrous bands between the scapula and thorax. The scapula is 
then relocated by rotating or placing it more caudal on the tho-
rax, with reattachment of the musculature at caudal vertebral 
spinous processes. Complications include possible brachial 
plexus injuries as well as postoperative limitation of abduction 
of the shoulder. Modifications and newer surgical techniques 
have been proposed since the time of the Woodward proce-
dure to allow better function.8

Prognosis: The degree of functional impairment is related to 
the degree of scapula deformity and associated anomalies. Life 
span and cognitive function are normal.
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3.5 Glenoid HYPoPlasia

Definition: Small, hypoplastic or absent glenoid cavity of the scapula.

ICD9/ICD10: 755.55/Q68.8 Syndrome Associations (Appendix)
Kosenow
Meier-Gorlin
Mesomelic dysplasia, Savarirayan type
Mucolipidoses (GNPTAB, GNPTG)
Mucopolysaccharidoses I/V (IDUA), II (IDS), IIIA (SGSH), 

IIIB (NAGLU), IIIC (HGSNAT), IIID (GNS), IVA 
(GALNS), IVB (GLB1), VI (ASRB), VII (GUSB)

Birth prevalence: unknown

Associated anomalies: other skeletal

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

Glenoid hypoplasia is essentially a developmental anomaly 
of the scapula due to incomplete ossification of the inferior 
two-thirds of the glenoid and scapular neck. 1-3 Associated find-
ings can include humeral head dysplasia, glenoid neck hook-
ing of the lateral clavicle, irregular or notched glenoid surface, 
widening of the glenohumeral space due to thickened articular 
cartilage, glenoid retroversion, enlargement of the acromion, 
deficiency of the posterioinferior glenoid, and labral changes.4

Approximately 21 percent of patients with glenoid hypo-
plasia experience pain and shoulder instability.2,5 Many diag-
noses of glenoid hypoplasia are made as an incidental finding 
on a chest X-ray or by shoulder X-rays taken for shoulder 
pain.1,2 Less frequently, there may be some restriction of 
shoulder mobility, shoulder instability, or, rarely, dislocation. 
Radiographs demonstrate dysplastic, irregular, or underde-
veloped bony glenoid and neck of the scapula, occasionally 

accompanied by malformation of the acromion process or of 
the head and neck of the humerus.6 Computed tomography or 
magnetic resonance imaging is required for further delinea-
tion of the condition, with MRI typically the mainstay for eval-
uation.2,6,7 Often on this form of imaging there is an observed 
association with glenoid dysplasia (most commonly due to 
deficiency of interoposterior glenoid rim) and posterior labral 
tears. Tears of the posterior labrum are usually found in more 
symptomatic cases.5

The cause of this anomaly and incidence in the general 
population are unknown, primarily due to lack of recognition 
and infrequent symptoms in affected individuals. Acquired 
glenoid hypoplasia may also occur as a result of abnormali-
ties in the innervation to the shoulder, as in Erb’s palsy, or as 
a result of underlying neuromuscular conditions, including 
muscular dystrophy.
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Most cases of glenoid hypoplasia are bilateral and symmet-
ric, and usually are sporadic. However, autosomal dominant 
transmission has been described in several families.8 Glenoid 
abnormalities have been described in the mucopolysacchari-
doses, specifically Hurler (MPS I), Morquio (MPS IV), and 
Maroteaux-Lamy (MPS VI) syndromes; the mucolipidoses, such 
as I-cell disease (ML II) and pseudo-Hurler polydystrophy (ML 
II/III α/β); and other lysosomal conditions such as mannosidosis 
and fucosidosis. Glenoid hypoplasia is also associated with sev-
eral multiple malformation syndromes and skeletal dysplasias.9

In prenatal development of the scapula, the endochondral 
ossification process expands from the center of the bone toward 
the glenoid to produce a slightly convex subchondral plate. The 
glenoid cartilage is concave and congruent with the convex 
humeral head. During postnatal development, the bony sub-
chondral plate becomes flattened, gradually becoming concave 
at around age 10 years. The glenoid cavity has two primary ossi-
fication centers, one superior and one inferior, which appear at 
age 8–10 years and are present until ossification of the skeleton is 
complete.2 Ossification of the inferior center occurs at puberty. 
Failure in the second ossification center results in glenoid hypo-
plasia.9 Arrest of development may occur at any time during 
development, leading to abnormalities in the glenoid capsule.

Treatment: The conservative approach to treatment involves 
physical therapy to strengthen the shoulder and scapular 
muscles and the rotator cuff. Surgical correction involves 
reconstruction of the glenoid capsule through soft tissue aug-
mentation, scapular osteotomy and bone grafting.2,8

Prognosis: Isolated glenoid hypoplasia is associated 
with few complications; however, long-term outcomes are 
unknown. Hyperplasia of the labrum may develop as a 
compensatory mechanism to maintain shoulder function.9 
Premature osteoarthritis has been described; however, most 
symptoms are limited to shoulder stiffness, limited range of 
motion, and vague shoulder pain. Sports requiring exten-
sive movement and activities that strain the shoulder should 
be avoided. When associated with multiple malformation 
syndromes, the prognosis varies depending on associated 
abnormalities.
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3.6 anomalies of tHe Pelvic Bones

Definition: Variants of shape and size of the iliac, ischial and pubic bones.

ICD9/ICD10: 756.6/Q74.2 Syndrome Associations (Appendix)
Campomelic dysplasia (SOX9)
Oto-palato-digital type II (FLNA)

Birth prevalence: 1/5,000

Associated anomalies: other skeletal

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography

Cause: Mendelian

Anomalies of the pelvic bones include small iliac wings, 
iliac horns, ischial hypoplasia, and small sciatic notch. 
These are often identified on skeletal survey for a skeletal 
dysplasia, as they are unlikely to be symptomatic (Fig. 
3.6.1). Nonossifiction of the pelvic bones can also occur. 
Anomalies of the pelvic bones are rarely seen in isolation. 
They are almost always associated with an underlying skel-
etal dysplasia.1,2

Treatment and prognosis are related to the underlying 
skeletal dysplasia. Genetic counseling is indicated when a spe-
cific genetic diagnosis is made.
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Fig. 3.6.1 A. Thanatophoric dysplasia. Short ilia with small sacrosciatic notch and broad ischiae in neonate. Note flat vertebral bodies and curved femurs. 
B. Achondrogenesis. Small and rounded ilia with central spike and undermineralized pubis and ischiae in neonate. Note deficient ossification of vertebrae.  
C. Iliac horns (arrows) in adult.

3.7 develoPmental dYsPlasia of tHe HiP

(Acetabular Dysplasia)

Definition: Anomalous function of the acetabulum.

ICD9/ICD10: 754.3/Q65 Syndrome Associations (Appendix)
ArthrogryposisBirth prevalence: 1/1,000

Associated anomalies: avascular necrosis of the femoral 
head

Laboratory studies: ultrasound, radiographs, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

Diagnosis of hip dislocation or subluxation is often made in 
the newborn period during the routine newborn physical 
exam. Early and frequent evaluation of the hips in infants is 
recommended by the American Academy of Pediatrics and is 
the cornerstone of early identification.1 Hip dislocation mani-
fests as restricted hip abduction, asymmetric thigh folds, and 

leg length discrepancy with shortened femur on the affected 
side, known as the Galeazzi sign.2,3 The diagnosis of dysplasia 
requires confirmation by imaging studies. There may be a posi-
tive family history for hip dysplasia. In some cases, this dyspla-
sia may be suspected when a parent reports asymmetry of leg 
position during a diaper change, or a difference in leg lengths. 
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The stability of the hip is tested by the Ortolani and Barlow 
maneuvers, as well as observation of leg length and creases 
and the degree of abduction. In the older child, the dislocation 
becomes more fixed. In the ambulatory child, a slight limp may 
be noted, occasionally with one-sided toe walking, short leg, 
and hyperlordosis.

Developmental dysplasia of the hip (Fig. 3.7.1) may be 
congenital or develop postnatally. A  hip may be dislocated 
at rest, dislocatable (but in a normal position at rest), sub-
luxed (incomplete contact between the femoral head and 
acetabulum), subluxable (incomplete contact induced with 
provocative maneuvers), or appear normal on exam but with 
an abnormal acetabulum or femoral head on radiographs.2 
Dislocation results in the incomplete loss of femoral head con-
tact with the acetabulum and leads to progressive deforma-
tion of the proximal femur, the acetabulum, and the capsule. 
Subluxation refers to abnormal movement of the femoral head 

with joint manipulation. Hip dislocation may occur in an oth-
erwise normal child or as a result of other musculoskeletal and 
neurologic disorders.3-5

Although traditional X-rays remain important, sono-
graphic analysis allows visualization of the femoral head ossifi-
cation centers and the percentage of acetabular coverage of the 
femoral head. Magnetic resonance imaging and arthrographs 
may be used in certain cases.

Hip instability is noted in approximately 1–2 per 100 live-
born infants; however, true dysplasia occurs in only 1 per 1,000 
infants. There are differences in the frequency of hip dysplasias 
in different geographic areas and ethnic groups. Caucasians are 
more frequently affected than blacks and Chinese. Intrauterine 
position is important; breech presentation and being a 
first child are associated with an increase in hip dysplasia. 
Intrauterine position also accounts for the fact that the left hip 
is more frequently affected. Hip dysplasia occurs six to eight 
times more frequently in females, perhaps due to an increase 
in laxity produced by the stimulated fetal ovaries.5 Although 
hip dysplasia is multifactorial, there is a higher concordance in 
monozygotic twins than in dyzgotic twins and an increase in 
incidence if a first-degree relative is affected. However, 60 per-
cent of infants have no recognizable risk factors.

Treatment: The earlier the diagnosis, the less complicated 
the treatment. Infants are braced with a Pavlick harness or 
other brace until the hip is stable and developing normally. 
Surgical reorientation of the acetabulum, coupled in some 
cases with osteostomy of the femoral neck, may be necessary.6 
Children with hip dysplasia require regular follow-up until 
skeletal maturity.

Prognosis: Lasting residual dysplasia of the acetabulum is 
common, even following early and aggressive treatment, and 
may progress to degenerative arthritis. Avascular necrosis of 
the femoral head may present a significant problem if reduc-
tions are attempted in older children.
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Fig. 3.7.1 Top: Bilateral congenital dislocation of the hips in a 2½-year-old 
toddler. Bottom: Congenital dislocation of the right hip with associated 
acetabular dysplasia.
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3.8 coXa vara

Definition: A reduction in the typical 120°–140° angle formed by the neck and shaft of the femur.

ICD9/ICD10: 755.66/Q65.82 Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Cleidocranial dysplasia (CBFA1)
Cutis laxa (ATP7A)
Diastrophic dysplasia (SLC26A2)
Dyggve-Melchior-Clausen (FLJ90130)
Exostosis, type I (EXT1)
Exostosis, type II (EXT2)
Gaucher
Hurler
Hyperparathyroidism
Hypoparathyroidism
Kniest dysplasia (COL2A1)
Majewski osteodysplastic primordial dwarfism II (PCNT)
Metaphyseal chondrodysplasia, Schmid type (COL10A1)
Metatropic dysplasia
Microcephalic osteodysplastic dwarfism, type II
Osteogenesis imperfecta (CRTAP)
Osteopetrosis (TCIRG1, CLCN1)
Rhizomelic dysplasia (Patterson-Lowrey type)
Rickets
Schwachman (SBDS)
Schwartz-Jampel, type 1 (HSPG2)
Spondyloepiphyseal dysplasia congenita (COL2A1)
Spondyloepiphyseal dysplasia –hypotrichosis
Spondyloepiphyseal dysplasia tarda
Spondyloepiphyseal dysplasia, corner fracture type
Spondylometaphyseal dysplasia, Kozlowski type
Sponyloepimetaphyseal dysplasia (Strudwick) (COL2A1)

Birth prevalence: 1/13,000

Associated anomalies: short stature, other skeletal 
anomalies

Laboratory studies: radiographs

Prenatal diagnosis: NA

Cause: sporadic, Mendelian

The congenital form of coxa vara frequently goes undiagnosed 
until the child begins to walk. The femoral head is underdevel-
oped, and a fibrous union is present between the femoral head 
and shaft. In ambulatory children the diagnosis is suspected 
clinically by the presence of a gait disturbance, most typically 
a waddling gait or a limp. The diagnosis is confirmed by radio-
graphs of the femoral neck, which displays the displacement of 
the femoral neck in a caudad direction. The greater trochanter 
is displaced in a cephalad direction and may be oriented above 
the roof of the acetabulum. Although coxa vara may occur in 
isolation, it more frequently occurs as part of a multiple mal-
formation syndrome, endocrine disorder, metabolic disorder, 
or skeletal dysplasia (Fig. 3.8.1).1,2 It has also developed follow-
ing infections or trauma.

Isolated cases of coxa vara are quite rare, therefore an 
aggressive search for associated conditions should be under-
taken in patients with coxa vara. Most cases that are isolated are 
sporadic and unilateral, although several familial recurrences 

demonstrating autosomal dominant inheritance have been 
described.3 Mirror-image coxa vara has been described in 
monozygotic twins.4 Coxa vara occurs equally in boys and 
girls and in all ethnic groups. Although the exact incidence is 
unknown, it has been estimated to occur in 1:13,000 children. 
The associated conditions are varied and include idiopathic 
slipped epiphysis, Legg-Perthes disease, and rickets. It has also 
been described in patients with sickle cell disease, those who 
have received radiation, and after steroid treatment. Associated 
genetic conditions include Gaucher disease, Osteogenesis 
imperfecta, Metatrophic dysplasia, and the mucopolysac-
charidoses. It is also seen in association with endocrine dis-
orders such as hypoparathyroidism, hyperparathyroidism, and 
pseudohypoparathyroidism.

Treatment: The diagnosis of coxa vara should prompt a 
search for associated conditions, many of which are treatable. 
Early management is warranted with the goal of preventing 
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degenerative arthritis, limitation of mobility, and pain. The 
epiphyseal angle predicts progression of the varus deformity, 
with patients who have angles greater than 45° tending to have 
progression of the condition, while those less than 45° angles 
tend to have spontaneous healing. Nonoperative approaches 
(casting, traction) have not proved beneficial. Derotational 
osteotomy has been most successful in restoring the most opti-
mal functional anatomy of the femoral neck.5,6

Prognosis: With early surgical correction, a painless func-
tional hip with minimal leg length discrepancy can be achieved.
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3.9 coXa valGa

Definition: An increase in the typical angle of 120°–140° formed by the femoral neck and shaft.

ICD9/ICD10: 755.66/Q65.81 Syndrome Associations (Appendix)
Cantu (ABCC9)
Carpenter (RAB23)
Duchenne muscular dystrophy (DMD)
Frontometaphyseal dysplasia (FLNA)
GM1-gangliosidosis type II (GLB1)
Hurler (IDUA)
Meier-Gorlin (ORC1)
Melnick-Needles (FLNA)
Odontochondrodysplasia
Hutchinson-Gilford progeria (LMNA)
Spina bifida
Spinocerebellar atrophy

Birth prevalence: unknown

Associated anomalies: other skeletal anomalies, 
neuromuscular abnormalities

Laboratory studies: radiographs, MRI

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

Fig. 3.8.1 Top: Coxa vara in a 3½-year-old child with metaphyseal chondrodysplasia, McKusick type. Bottom: Coxa vara of unknown etiology in a teenage girl.
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Diagnosis is made by radiographs and magnetic resonance 
imaging (Fig. 3.9.1). The cause is heterogeneous. Inheritance 
of isolated coxa valga has not been reported but is a com-
mon finding in multiple syndromes and skeletal dysplasias.1-3 
It is frequently associated with conditions that predispose 
the patient to immobility, such as spina bifida and other 

paralytic disorders, muscular dystrophy, and developmental 
hip dysplasia.4

Treatment: Identification of coxa valga warrants further 
evaluation to identify the underlying condition. Treatment 
is supportive and symptomatic. Surgical intervention may 
be required if the femoral heads become exposed by lateral 
displacement.5

Prognosis: Prognosis depends on the underlying condition.
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Fig. 3.9.1 Coxa valga without epiphyseal abnormalities in a 6-year-old. 
Courtesy of Dr. Jürgen Spranger.
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4 | SPINE AND THORACIC CAGE

LOUANNE HUDGINS AND NEDA ZADEH

inTrodUcTion

Normal development of the spine and thoracic cage requires 
a complex series of synchronized events during embryogen-
esis. If development does not occur harmoniously, malforma-
tions or deformations may be observed that can affect thoracic 
cage size and shape, as well as lung and cardiac development. 
Many anomalies may be present at birth but not observed until 
later childhood or early adolescence. Growth is a succession 
of acceleration and deceleration phases, and abnormalities in 
both prenatal and postnatal growth can have effects on spine 
and thoracic development.1

The thoracic cage shape varies with age. By age five years, 
the trunk has reached about 66 percent of final height; how-
ever, the thoracic volume is only 30  percent of its final size. 
The thoracic spine and thoracic cage growth mostly occurs 
between birth and eight years of age and coincides with lung 
development. Therefore, both growth and lung volume preser-
vation are vital during this critical period.1 Spine deformations 
adversely affect thorax development by altering its shape and 
reducing motility. In general, treatment of various thoracic and 
spine abnormalities should focus on the entire complex as a 
whole.1

A N AT O M I C A L  E M B RY O L O G Y

Vertebrae form from paraxial mesoderm that is organized into 
segments along the spinal cord from the occipital to coccygeal 
regions. Paraxial mesoderm, like all of the mesodermal germ 
layer, is derived from cells that migrate through the primitive 
streak during gastrulation in the third week of gestation. When 
these cells first arrive along each side of the neural tube they 
are unsegmented. Then, in a cranial to caudal sequence, the 
tissue is organized into paired segments by a “segmentation 
clock” regulated by the NOTCH and WNT signaling path-
ways.2,3 Boundaries between segments are specified by retinoic 
acid and other genes. Lengthening of the embryo is dependent 
upon the continued process of mesoderm formation by gastru-
lation and organization of this mesoderm into segments by the 
segmentation clock.

Each paired segment is called a somite and each somite 
differentiates into a dermatomyotome region dorsally and a 
sclerotome region ventrally; it is from these sclerotome cells 
that the vertebrae arise. Thus, sclerotome cells from somites 
on opposing sides of the neural tube migrate to meet in the 

midline to surround the spinal cord. Each vertebra is then 
formed by fusion of sclerotome cells from the posterior half 
of a more cranially located somite and the anterior half of 
a somite located immediately caudally—a process called 
resegmentation. Mesenchyme cells between cranial and cau-
dal halves of each somite differentiate into the fibrous region 
(annulus fibrosis) of each intervertebral disc, while the cen-
tral region (nucleus pulposus) is derived from cells of the 
notochord. In addition to giving rise to all the parts char-
acteristic of each vertebra, sclerotome cells in the thoracic 
region form the bony component of each rib. Cartilaginous 
regions for each rib are derived from sclerotome cells that 
migrate into the lateral plate mesoderm during formation of 
the body wall.

M O L E C U L A R  E M B RY O L O G Y

Somitogenesis requires the coordinated action of at least 300 
genes, many of which are expressed in a cyclic fashion. These 
waves of gene expression, known as the segmentation clock, 
occur with the same periodicity as somite formation.4 Before 
this process begins, however, opposing gradients of FGF and 
WNT signaling molecules and retinoic acid are present in 
the presomitic paraxial mesoderm. These gradients are then 
superimposed with the oscillatory expression of Hes7 and 
members of the FGF, WNT, and NOTCH signaling pathways. 
Anterior-posterior regionalization of the future vertebra is 
determined by nested expression of HOX genes in the somites, 
reflecting their linear arrangement along the chromosome.5 
Furthermore, SHH expression in the floor plate of the neural 
tube (see Chapter 11) is required for induction of the sclero-
tome region of each somite.6

REFERENCES

 1. Dimeglio A, Canavese F: The growing spine: how spinal deformities influ-
ence normal spine and thoracic cage growth. Eur Spine J 21:64, 2012.

 2. Pourquié O: Vertebrate segmentation: from cyclic gene networks to sco-
liosis. Cell 145:650, 2011.

 3. Bénazéraf B, Pourquié O: Formation and segmentation of the vertebrate 
body axis. Annu Rev Cell Dev Biol 29:1, 2013.

 4. Sparrow DB, Chapman G, Dunwoodie SL: The mouse notches up another 
success:  understanding the causes of human vertebral malformation. 
Mamm Genome 22:362, 2011.

 5. Iimura T, Denans N, Pourquié O: Establishment of Hox vertebral identi-
ties in the embryonic spine precursors. Curr Top Dev Biol 88:201, 2009.

 6. Fan CM, Tessier-Lavigne M: Patterning of mammalian somites by surface 
ectoderm and notochord: evidence for sclerotome induction by a hedge-
hog homolog. Cell 79:1175, 1994.



196 |  h U m a n  m a l f o r m aT i o n S  a n d  r e l aT e d  a n o m a l i e S

4.1 occipiTaliZaTion of The aTlaS

(Atlanto-Occipital Fusion, Occipito-atlas Synostosis, Assimilation of the Atlas)

Definition: Bony or fibrous union of all or part of the first cervical vertebra (the atlas) with the base of the skull.

ICD9/ICD10: 756.1/Q76.4 Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Oculo-auriculo-vertebral spectrum
Klippel-Feil

Birth prevalence: <1/100

Associated anomalies: compression of the medulla 
oblongata, spinal cord, vertebral artery and venous plexus

Laboratory studies: CT, 3D CT, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian (AD)

Occipitalization is observed in 0.08–2.76 percent of the popu-
lation, affecting genders equally.1 It is defined as assimilation of 
the atlas vertebra with the occipital bone. This is also known as 
occipito-atlas synostosis. Occipitalization occurs due to defects 
in embryogenesis during somite segmentation or as a failure in 
the resegmentation of the fourth occipital sclerotome and the 
first cervical vertebrae.2 Congenital malformation of the cervi-
cooccipital region can cause a variety of signs and symptoms 
due to its proximity to the spinomedullary region and change 
in dimension of the foramen magnum. Findings associated 
with occipitalization are associated with compression of the 
medulla oblongata, spinal cord, vertebral artery, and venous 
plexus, and include neck pain, headache, paresis, long track 
signs, hyperreflexia, weakness, disturbances of peripheral sen-
sation, and even cerebellar signs related to basilar impression.1

Standard radiographs are diagnostic when taken in flex-
ion and extension on lateral projection. Typically, fusion 
involves the anterior arch of the atlas and the rim of the 
foramen magnum. The arch is usually posteriorly positioned 
and may narrow the spinal canal. Occipitalization can be 
partial or complete, the latter being most common. There 
is no motion between the lateral masses of the atlas and 
the occiput. Computerized tomography and/or magnetic 
resonance imaging may be necessary to delineate further 
the degree and site of impingement of the spinal cord. The 
sagittal diameter of the foramen magnum is a critical mea-
surement in patients with the above symptoms and signs.1 
Changes in craniofacial morphology due to this abnormality 
should not be expected.

The diagnosis may be difficult in the young child, because a 
significant portion of the ring of the atlas is unossified at birth. 
The 5mm–9mm radiolucent gap in the posterior neural arch 
of the newborn generally ossifies by age four years. The ante-
rior arch of the atlas, unossified in 80  percent of newborns, 
begins to ossify between the first and third years, becoming 
fully visible on radiographs between ages seven and 10 years. 
Some 70 percent of patients with occipitalization of the atlas 
also have fusions of the second and third cervical vertebrae.3 
Arnold-Chiari malformation is present in almost 25 percent 

of cases, and syringomyelia or hydromyelia may be present.4 
Anomalies of the size and shape of the odontoid are frequent, 
and in 25 percent of instances the odontoid is displaced behind 
the anterior arch of the atlas more than 3mm.5,6 Dural bands 
may further complicate the situation, causing constriction of 
the medulla or spinal cord posteriorly.

Occipitalization of the atlas can be congenital or acquired 
and may be first detected by chance when radiographs are 
made for other purposes. Acquired cases can be due to infec-
tious etiology, while congenital cases are associated with fac-
tors that can affect the developing fetus during third to fourth 
week of embryogenesis when occipital and cervical sclero-
tomes are developing.1 Occipitalization of the atlas occurs if 
the first cervical sclerotome does not divide into the cranial 
and caudal components.

Occipitalization of the atlas is often found in achondro-
plasia, oculo-auriculo-vertebral spectrum and Klippel-Feil 
syndrome. Radiographs have noted the presence of 
atlanto-occipital anomalies in 3.5 percent of first-degree rela-
tives of probands, suggesting multifactorial inheritance.7

Treatment: Treatment is aimed at decompressing the 
affected structures. It is recommended that special imaging 
(CT scan, three-dimensional CT scan, or MRI) be obtained 
preoperatively. When compression is anterior, transoral resec-
tion of the odontoid and rim of the foramen magnum is per-
formed. For posterior compression, cervical laminectomy 
of the atlas, excision of any dural bands, and suboccipital 
craniectomy are performed. A few patients respond to non-
operative measures:  immobilization in plaster, traction, and 
cervical collars. Surgical intervention represents a serious risk 
of morbidity and mortality. The neurological status remains 
unchanged in many patients following surgery, and death may 
occur during or shortly after surgery. Those who have asymp-
tomatic occipitalization of the atlas should modify and avoid 
activities likely to stress or cause injury to the head and neck.

Prognosis: Direct compression of the cervical spinal cord 
is the major complication of occipitalization or congenital 
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hypoplasia of the arch of the atlas.1 Long-term prognosis is 
dependent on severity of the malformation, size of the fora-
men magnum, and effectiveness of surgical decompression in 
more severe cases.2
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4.2 aplaSia/hYpoplaSia of The odonToid proceSS of The aXiS

Definition: Absence or underdevelopment of the odontoid process.

ICD9/ICD10: 756.14/Q76.49 Syndrome Associations (Appendix)
Mucopolysaccharidoses I/V (IDUA), II (IDS), IIIA 
(SGSH), IIIB (NAGLU), IIIC (HGSNAT), IIID (GNS), 
IVA (GALNS), IVB (GLB1), VI (ASRB), VII (GUSB),
Trisomy 21

Birth prevalence: unknown

Associated anomalies: ossiculum terminale persistens, 
odontoid aplasia, odontoid hypoplasia

Laboratory studies: radiographs of the cervical spine in 
careful voluntary flexion, extension and neutral positions, 
CT, MRI

Prenatal diagnosis: none

Cause: sporadic, chromosome, Mendelian (AR, XLR)

The odontoid process, also known as dens, is a bony projec-
tion from the axis (C2) upward into the ring of the atlas (C1). 
Partial or complete absence of the odontoid process varies 
from a short, stubby, nipple-like projection to one of nearly 
normal size (Fig. 4.2.1). Os odontoideum is characterized by 
a radiolucent, oval, or round ossicle of variable size with a 
smooth, dense border of bone, separate from the axis and usu-
ally located in the position of the normal odontoid tip. It may 

at times be near the basal occiput in the area of the foramen 
magnum, where it can fuse with the clivus. Odontoid aplasia 
or hypoplasia is primarily a radiologic distinction and has little 
or no significance as both may result in atlanto-axial instability 
with potential neurologic sequelae. Another related develop-
mental anomaly is the presence of a separate ossification center 
at the tip of the V-shaped odontoid process, the ossiculum ter-
minale. It appears at about age three years, fuses with the dens 

Fig. 4.2.1 Odontoid aplasia and hypoplasia. A. Normal interlocking of odontoid of C2 with C1. B. Absence of odontoid. C. Hypoplasia of odontoid with absence 
of ossified segment connecting to body of C2.
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by age 12  years, and is considered a normal variant. Should 
fusion fail to occur, this ossification center is referred to as the 
ossiculum terminale persistens, another normal variation in 
development.

Congenital anomalies of the odontoid can be revealed by 
incidental observations on X-rays obtained for other purposes 
or following trauma that may initiate atlanto-axial instability 
and/or provoke symptoms in a previously asymptomatic indi-
vidual. Symptoms may be localized to the neck, such as pain 
and stiffness, or there can be transient bouts of paresis. More 
serious symptoms include compressive cord myelopathy and 
ischemia of the brain stem by impingement of the vertebral 
artery leading to syncope, vertigo, seizures, and visual distur-
bances. Weakness, decreased motor endurance, and upper 
motor neuron signs are common. These patients have variable 
spasticity and hyperreflexia or have loss of proprioception and 
sphincter disturbance.

The diagnosis can be made at birth or in childhood with 
standard X-rays (Fig. 4.2.2). When there is uncertainty, lat-
eral views of the cervical spine in careful voluntary flexion, 
extension, and neutral projection are indicated. Computerized 
tomography is often necessary to confirm the condition. When 
neurologic symptoms are a prominent clinical feature, mag-
netic resonance imaging is necessary to delineate the con-
dition, augmented by somatic evoked responses as well as a 
careful neurologic examination.

The body of the odontoid, phylogenetically derived from 
the centrum of the first cervical vertebra, separates from the 
atlas during development and fuses with the superior portion 
of the axis.1 A wide cartilaginous band is present by birth at 
the site of this fusion (neurocentral synchondrosis). The tip 

of the odontoid is not ossified at birth and has a V-shaped 
configuration. Delayed ossification of the dens may give the 
impression of hypoplasia or aplasia. Underdevelopment or 
failure of fusion can result in congenital anomalies of the 
odontoid.

The frequency of odontoid anomalies is unknown. 
Complete aplasia is extremely rare; most instances involve 
variable degrees of hypoplasia. It may be found in patients with 
Down syndrome and is extremely frequent in the mucopoly-
saccharidoses, especially Morquio syndrome.2 Odontoid apla-
sia/hypoplasia is found in a number of disorders, particularly 
the skeletal dysplasias. This anomaly is not generally known to 
be familial, although one family has been reported with four 
affected individuals suggesting autosomal dominant inheri-
tance.3 As an isolated abnormality, the majority of occurrences 
are discovered following head and neck trauma.

Treatment: Nonoperative therapy by cervical traction 
or plaster casting may be sufficient with a relatively stable 
atlanto-axial joint. However, those with an atlas dens space 
of more than 5mm demonstrated on flexion-extension lat-
eral X-ray require stabilization by posterior cervical spine 
fusion, commonly preceded by halo-skull traction. Skull 
traction provides a means of C1-C2 reduction, which can 
indirectly decompress the cord and may simplify the sur-
gical procedure.4 Asymptomatic patients with odontoid 
hypoplasia must be carefully monitored because they are at 
significant risk for sudden neurologic injury involving daily 
living activities. There is no consensus as to prophylactic 
spine fusion for these patients. Certainly, modification of 
physical activities and lessened participation in sports must 
be considered.

Prognosis: The prognosis is excellent when the clinical 
symptoms are limited to local neck pain and stiffness without 
neurologic findings.5 When there are neurologic signs and 
symptoms, the prognosis is guarded and depends on chronic-
ity of the underlying disorder as well as treatment.
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Fig. 4.2.2 Partial odontoid hypoplasia in a 4-year-old girl with an unclassified 
skeletal dysplasia.
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4.3 Klippel-feil anomalY

(Klippel-Feil Syndrome, Klippel-Feil Sequence)

Definition: Short broad neck, low posterior hairline, and reduced neck mobility resulting from vertebral fusion or other seg-
mentation abnormalities of the cervical vertebrae.

ICD9/ICD10: 756.11/Q76.1 Syndrome Associations (Appendix)
Muenke (FGFR3)
Multiple pterygia, Escobar variant (CHRNG)
Multiple synostoses (NOG)
MURCS
Spondylocostal dysostosis (DLL3, MESP2, LFNG, HES7)
Wildervanck

Birth prevalence: 1/40,000

Associated anomalies: other vertebral fusions or 
segmentation defects, rib anomalies, Sprengel anomaly, 
Poland anomaly, omovertebral bone, hypoplastic thumb, 
cleft lip/palate, hearing loss, colobomas, cardiac, renal, 
genital, neurological

Laboratory studies: radiographs, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography variable, no 
biochemical markers

Cause: sporadic, chromosomal, Mendelian (AD, AR), 
possible vascular disruption

Clinically, most individuals present with limitation of neck 
motion.1-3 Flexion-extension of the neck is less limited than 
lateral rotation. Shortening of the neck may be unapparent or 
marked such that the head appears to rest on the shoulders. 
Pterygium colli may be apparent in severe cases, manifested by 
webs of soft tissue and skin tented between the mastoid process 
of the skull and the acromion of the shoulder. Children with 
congenital fusion of the cervical spine do not commonly have 
neurologic complaints or signs of cervical instability, although 
flexion-extension lateral radiographs are indicated prior to 
general anesthesia. Neurologic symptoms typically develop 
between the second and third decades as a consequence of 
occipitocervical anomalies, cervical instability, or degenerative 
disc/joint disease. Spinal stenosis may be seen when the lower 
spine is involved.

Three variations of Klippel-Feil anomaly (KFA) include 
Type I, which involves massive fusion of multiple cervical ver-
tebrae; Type II, with fusion involving only one or two cervical 
vertebrae; and Type III, in which vertebral fusion involves both 
the cervical and thoracic or lumbar spine. KFA is often accom-
panied by a Sprengel anomaly, in which there is abnormal 
scapular elevation. Fusion of the scapula to the cervical spine 
via an omovertebral bone can also occur. Reduced range of 
neck motion along with radiographs to confirm the presence of 
bony fusion and other cervical vertebral malformations help to 
distinguish KFA from a short/broad neck due to other causes, 
most notably Turner syndrome and Noonan syndrome.

Anteroposterior and lateral radiographs will define the pat-
tern and extent of the vertebral anomalies, although this may 
be difficult in the newborn period and infancy (Fig.  4.3.1). 
These films should include the entire spine and ribs, as other 
skeletal anomalies are frequent. Hearing evaluation and a 

thorough neurological exam are indicated to rule out associ-
ated central nervous system anomalies. Renal and pelvic ultra-
sound should also be performed.

Many other skeletal anomalies can be seen in conjunction 
with KFA.3 Unilateral or bilateral Sprengel anomaly is found 
in 30  percent. Occasionally an omovertebral bone bridges 
between the cervical spine and the scapula. Scoliosis, cervical 
ribs, fused ribs, spina bifida occulta, cleft vertebrae, hemiver-
tebrae, and occipitalization of the atlas occur in a nonrandom 
association.

Anomalies involving other systems are also noted.2,4 
Intelligence, however, is usually normal. Hearing loss (sen-
sorineural, conductive, and mixed), cleft palate, and ocular 
anomalies such as strabismus are seen in about 20 percent 
of cases. Primary or secondary neurologic abnormalities 
may be found and include facial nerve palsies, meningo-
cele, encephalocele, Arnold-Chiari malformation, syringo-
myelia and hydrocephalus. Renal malformations are noted 
in 50  percent of patients, most frequently unilateral renal 
agenesis. Genital anomalies are not uncommon and include 
hypospadias and cryptorchidism in males and absent 
vagina, uterus, or Fallopian tubes in females. Congenital 
heart defects occur in less than 10 percent. There are rela-
tively few well-delineated conditions with KFA, the most 
notable being MURCS association, (MUllerian, Renal, and 
Cervicothoracic Spine anomalies), and Wildervanck syn-
drome, in which KFA is accompanied by the Duane anomaly 
and hearing loss. Co-occurrence of KFA and Poland anom-
aly and Moebius syndrome has been described, suggesting a 
possible vascular disruptive mechanism.5

KFA is usually a sporadic anomaly, suggesting a multifac-
torial origin, and, in most cases, the genetic cause is unknown. 
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However, autosomal dominant and recessive inheritance pat-
terns have been described.6-10 Rare mutations in GDF3 and 
GDF6 are associated with autosomal dominant KFA, and 
mutations in MEOX1 cause an autosomal recessive form 
of KFA.6,8-10

The true incidence of KFA is difficult to determine, since 
lesser fusions may not be detected. Most surveys suggest that a 
preponderance of cases occur in females.

Treatment: The goal of treatment is to maximize neck 
mobility and normalize the appearance of the neck. Lesser 
degrees of cervical spine fusion may be amenable to surgery. 
Fusion within the cervical spine can predispose to neck and 
spinal cord injury, and avoidance of contact sports is often 
advised.

Prognosis: The prognosis of KFA usually depends on the 
degree of neck mobility, other associated spine anomalies, 
neurologic symptoms, and other associated nonskeletal find-
ings such as hearing loss and orofacial clefting.
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Fig. 4.3.1 Klippel-Feil anomaly. Left: Short wide neck with asymmetry of scapulae in 3 1/2-year-old girl. Right: Segmentation and fusion of cervical vertebrae in 
7-month-old boy with Klippel-Feil anomaly.
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4.4 SegmenTaTion defecTS of The VerTeBrae

Definition: Failure in conversion of presomitic mesoderm into the correct number and structure of vertebrae.

ICD9/ICD10: 756.1/Q76.49 Syndrome Associations (Appendix)
Acrofacial dysostosis (SF3B4)
Aicardi
Alagille (JAGGED1)
Apert (FGFR2)
Atelosteogenesis III (FLNB)
Campomelic dysplasia (SOX9)
Caudal regression
CHARGE (CDH7)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Gorlin (PTCH1, PTCH2, SUFU)
Jarcho-Levin (MESP2)
Kabuki (MLL2, KDM6A)
MURCS
Oculo-auriculo-vertebral spectrum
Peters-Plus
Simpson-Golabi-Behmel (GPC3)
VACTERL

Birth prevalence: 1/200-7,000 livebirths

Associated anomalies: scoliosis, pulmonary compromise

Laboratory studies: AP and lateral radiographs, CT, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian (AR, AD, XL)

The clinical presentation of segmentation anomalies of the spine 
varies depending on the type of anomaly and the location along 
the body axis.1,2 Chest wall anomalies, broadened or deviated 
carriage of the neck, spine curvature, and midline abnormalities 
over the spine (tufts of hair, cutis aplasia, hemangiomas, nevi, and 
dimples above the gluteal fold) should prompt suspicion. Altered 
tone of the buttocks and anus, limb atrophy or asymmetry, 
abnormal tone and reflexes of the limbs, and foot deformation 
may be found on neurologic examination. With time, progres-
sion in spinal curvature, cosmetic disfigurement, neck and back 
pain, and pulmonary compromise may become evident.2

The presence of spine abnormalities is confirmed 
by anterior-posterior and lateral X-rays. Computerized 

tomography may be necessary to delineate details of the 
bony abnormalities, while magnetic resonance imaging is 
necessary to identify associated spinal cord abnormalities. 
Many individuals with anomalies involving the vertebral 
bodies and/or posterior elements have few, if any, clinical 
signs or symptoms. These abnormalities are often detected 
incidentally when radiographs are obtained for unrelated 
reasons.

Congenital anomalies of the vertebral body and/or pos-
terior elements may be unilateral or bilateral and can affect 
the vertebral column at any level from the atlas to the coccyx 
(Figs. 4.4.1, 4.4.2). Block vertebrae occur when there is lack of 
partition between adjacent vertebral bodies. A hemivertebra 

Fig. 4.4.1 Schematic of Vertebral Segmentation Defects. A: Hemivertebra. B: Block vertebrae with fusion of adjacent vertebral bodies. C: Butterfly vertebra with compensatory 
shape alteration of adjacent vertebral bodies D: Multiple ovoid vertebral bodies. Note that rib segmentation is generally normal in A and B and abnormal in C and D.
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(also known as a wedge vertebra) results when one of the 
two chondrification centers of the developing vertebral body 
fails to appear, resulting in failure to form one half of the 
vertebra. The corresponding rib is often absent. Failure of 
midline fusion of the halves of a vertebra results in a sag-
ittal cleft. Severe forms of this condition affecting multiple 
vertebrae and associated with spinal cord anomalies are 
described under spina bifida (Chapter  11). Clefting of one 
or two vertebrae without abnormalities of the spinal cord is 
termed spina bifida occulta and is a relatively common find-
ing in the cervical, lumbar, and sacral regions. Spina bifida 
occulta is not associated with neurological complications 
and is usually found on radiographs for other reasons, for 
example back pain.

The NOTCH, fibroblast growth factor, and WNT/β-
catenin signaling pathways are the principal players in the 
craniocaudal elongation of the body axis and coordinate the 
wave of gene expression that partitions presomitic meso-
derm into the correct number and shape of the vertebrae.3,4 
Failure of this “segmentation clock” results in wedge verte-
brae, hemivertebrae, and synostosis, and in abnormal num-
bers of vertebrae.5,6

The incidence of segmentation defects is reported to be 
between 0.13 per 1000 and 6 per 1000,2,7 but may actually 
be higher because of underreporting. Minor anomalies of 
the lumbosacral spine are so common as to be considered a 
variation of normal. Reliable data are not available to docu-
ment the exact incidence of associated anomalies, although 
it is estimated that anomalies occur at sites other than the 
spine in 30–60  percent of children with congenital spinal 
anomalies.8

Defects in the embryologic development of the spinal ver-
tebrae often result in congenital scoliosis. Nearly one-third 
of patients with congenital scoliosis have associated congeni-
tal anomalies,9 including a wide variety of findings:  cardiac 
malformations, TE fistula, imperforate anus, genitourinary 
abnormalities, limb anomalies, and mandibular and ocu-
lar abnormalities. Therefore, a thorough evaluation for other 
anomalies is indicated in all individuals with segmentation/
formation defects of the vertebrae.

Maternal pregnancy exposure history may provide further 
insight, as poor maternal serum glycemic control, valproate 
exposure, maternal fever, and other potential epigenetic and 
environmental influences may play a role.2

Treatment: Management is characterized by close and careful 
observation. When there is congenital scoliosis it is important 
to realize that the severity of the curve and rate of progression 
are not necessarily related. The more unbalanced the anoma-
lies, the more likely the scoliosis will progress. Curves in the 
thoracic region are more progressive than those in the cervico-
thoracic and lumbar regions. Orthotic treatment is often used. 
A wide variety of operative procedures has been developed to 
halt progression of the scoliosis surgically. Genetic counseling 
is indicated when the vertebral anomalies are part of a single 
gene mutation or chromosomal aberration.

Prognosis: Asymmetric or unbalanced segmentation defects 
generally are progressive and deforming, leading to severe sco-
liosis. If the defects are balanced and symmetric, then the risk 
for scoliosis is less, and spinal curvature, if present, is not as 
likely to be severe. Kyphosis or lordosis may occur if the fusion 
between vertebral bodies is located anteriorly or posteriorly, 
respectively.
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Fig. 4.4.2 Multiple segmentation abnormalities of the upper thoracic spine in a 
1-year-old child with diastrophic dysplasia.
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4.5 alTered VerTeBral BodY conToUr

Definition: Flattening, beaking, notching, scalloping, and other variations in the contour of a vertebral body.

ICD9/ICD10: 756.1/Q76 Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Acromesomelic dysplasia, Maroteaux type
Connective tissue disorders

Marfan (FBN1)
Ehlers-Danlos (COL3A1, COL1A2)
Osteogenesis imperfecta (COL1A1,
COL1A2, FKBP10, CRTAP, LEPRE1, CYPB,
SP, SERPINH1, IFTM5)

Homocystinuria (CBS)
Lowe (OCRL1)
Mucopolysaccharidoses I/V (IDUA), II (IDS), IIIA 
(SGSH), IIIB (NAGLU), IIIC (HGSNAT), IIID (GNS), 
IVA (GALNS), IVB (GLB1), VI (ASRB), VII (GUSB)
Neurofibromatosis type 1 (NF1)

Birth prevalence: unknown, but common

Associated anomalies: beaked, notched or hooked 
vertebrae, scalloping of vertebrae, fish vertebrae, cupid’s 
bow vertebrae, platyspondyly, kyphosis, dural ectasia, 
hydrocephalus, intraspinal neoplasms

Laboratory studies: AP and lateral radiographs of the 
spine, CT, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian (AD, AR, XL)

Detection of variations in the contour of one or more vertebral 
bodies depends on radiographic projection and may be normal 
variants or associated with a disease state. Beaked or notched 
vertebrae have a hooked or step-like appearance on lateral 
view and are frequently associated with a localized kyphosis 
(Fig. 4.5.1). Scalloped vertebrae are manifested by exaggera-
tion of the normal slight concavity of the dorsal surface of the 
vertebral body (Fig. 4.5.2). Mild or physiologic scalloping of 
vertebrae can be seen in over one-half of adult spines, is always 
confined to the lumbar region, and is not associated with a 
widened interpedicular distance. Increased biconcavity of the 
superior and inferior surfaces of the vertebral body results in 
a “codfish” vertebra on lateral projection (Fig. 4.5.2). The term 
cupid’s bow vertebrae has been given to the anteroposterior 
appearance of the lumbar vertebrae produced by symmetric 
parasagittal concavities in the inferior endplate. Platyspondyly 
is an abnormal flattening of the vertical diameter of the verte-
bral bodies. It is present in many skeletal dysplasias with spine 
involvement, particularly the spondyloepiphyseal dysplasias 
(Fig. 4.5.3).

Beaked, notched, or hooked vertebrae, most frequently 
found in the thoracolumbar spine, are usually associated 
with kyphosis (Fig. 4.5.4).1 They are occasionally found in 
infants with no underlying disorder but are commonly seen 
in young children with hypotonia, neuromuscular diseases, 
and congenital hypothyroidism. These distinctive vertebrae 
are thought to be due to anterior herniation of the nucleus 
pulposis. They occur primarily in the thoracolumbar 
spine, as this is the area of normal or physiologic kyphosis. 
Maintenance of a “slouched” or “bent” posture coupled with 
hypotonia will place undue stress on the intervertebral disc 
and promote nucleus pulposis herniation. Frequently these 
abnormalities of contour are noticed in storage disorders, 
such as the mucopolysaccharidoses and mucolipidoses, and 

chromosome abnormalities, particularly those associated 
with hypotonia. They are also found in a variety of single 
gene disorders.

Pathologically scalloped vertebrae (Fig. 4.5.2) are occa-
sionally a manifestation of a bone disorder (achondroplasia, 
mucopolysaccharidoses), but more often they are secondary 
to a connective tissue disorder in which dural ectasia occurs 

Fig. 4.5.1 Anterior wedging of the first lumbar vertebra.



       

Fig. 4.5.2 Left: Posterior scalloping of the vertebral bodies in the lumbar spine of a patient with achondroplasia. Right: “Fish-mouth” vertebra resulting from 
exaggerated biconcavity of the vertebral bodies in a 16-year-old boy with osteogenesis imperfecta.

Fig. 4.5.3 Left: AP X-ray showing platyspondyly and osteopenia in a 16-year-old boy with osteogenesis imperfecta. Right: Lateral X-ray showing marked 
platyspondyly in a 6-year-old girl with spondylometaphyseal dysplasia.
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(Marfan syndrome, neurofibromatosis type I, Ehlers-Danlos 
syndromes).2 These vertebral changes may also be associated 
with disorders in which there is increased intraspinal pressure 
such as intradural neoplasms, intraspinal cysts, syringomyelia, 
and hydromyelia. Borderline or uncontrolled communicat-
ing hydrocephalus may produce pathologic scalloping of the 
vertebrae.

“Codfish” vertebrae, especially common in the lower 
thoracic and upper lumbar spine, are characteristic of condi-
tions in which bone is weakened by osteoporosis, osteopenia, 
or osteomalacia (Fig. 4.5.2). Examples include osteogenesis 
imperfecta, homocystinuria, Lowe syndrome, various stor-
age disorders, and rickets. Fish vertebrae are nonspecific 
radiographic findings that may occur in a spectrum of single 
gene disorders, in many chromosome abnormalities, and in 
syndromes or disorders of unknown genesis.

Cupid’s bow vertebrae are common in the general pop-
ulation, more frequent in males and in blacks, and, when 

present, tend to be more subtle than prominent.3 L4 is the 
most commonly affected vertebra, followed in frequency by 
L5 and then L3. These contour changes have no pathologic 
significance.

Treatment: Treatment is based on a specific diagnosis. 
Genetic counseling is indicated when a single gene disorder or 
chromosome abnormality is identified.

Prognosis: The prognosis of these altered vertebral body 
contours depends on any underlying pathologic disorder.
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Fig. 4.5.4 A: 18-month-old female infant with mucopolysaccharidosis I and lower thoracic gibbus deformation. B: Lumbar vertebrae with deficiency of anterior 
superior portion of L2 and L3.



206 |  h U m a n  m a l f o r m aT i o n S  a n d  r e l aT e d  a n o m a l i e S

4.6 SagiTTal clefTS of The VerTeBrae

(Butterfly Vertebra)

Definition: Failure of the lateral halves of the vertebral body to fuse in the midline.1

ICD9/ICD10: 756.1/Q76 Syndrome Associations (Appendix)
Alagille (JAG1)
Kabuki (MLL2, KDM6A)
Spondylocostal/thoracic dysplasias (DLL3, MESP2, 
TBX6)

Birth prevalence: unknown

Associated anomalies: malformations of the ribs, 
scoliosis, kyphosis.

Laboratory studies: AP and lateral radiographs  
of the spine

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian (AD)

The patient with one or more sagittal cleft vertebrae may be 
asymptomatic, have back pain, or present because of scoliosis 
or shortened height of the vertebral column. Anteroposterior 
radiographs of the spine demonstrate the butterfly-like appear-
ance of the two halves of the vertebral body (Fig. 4.6.1). These 
may occur at any level of the spine but are mostly found in the 
midthoracic to lumbar region. The two portions are usually of 
equal size, and a bony bridge may partially unite the two sides. 
Narrowing of the associated intervertebral disc spaces is also 
typical. Other malformations of the vertebrae and ribs may 
occur, and scoliosis or kyphosis may be present.

The etiology and incidence are unknown. Sagittal cleft 
vertebrae may occasionally be noted as an isolated anomaly 
when radiographic studies are performed for other purposes. 
They are one of the diagnostic features of the multiple malfor-
mation Kabuki syndrome and can also been seen in Alagille 
syndrome.2 Sagittal cleft vertebrae are also frequently found 
in the spondylocostal/spondylothoracic dysplasias, a hetero-
geneous group of segmentation disorders of the vertebral col-
umn with both autosomal dominant and autosomal recessive 
forms.3

Treatment: For the asymptomatic patient with no other asso-
ciated abnormalities, treatment is not necessary. Modification 
of daily activities and physical therapy can offer relief from 
pain. When there is spinal column malalignment, such as in 
scoliosis and/or kyphosis, spinal fusion may be recommended 
depending on the extent of involvement and severity. There 
have been a few reports of sagittal vertebral clefts leading to 
disc herniation or chronic back pain due to alteration in spi-
nal biomechanics.4 Genetic counseling is indicated if a specific 
syndrome diagnosis is established.

Prognosis: As there have not been a large number of case 
reports of butterfly vertebrae in association with symptomatic 
disc herniation, long-term prognosis in most cases is expected 
to be related to the severity of the malformation and whether 
there is an underlying genetic diagnosis.5 Fig. 4.6.1 Multiple vertebrae with sagittal clefts in a 6-month-old infant.
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4.7 coronal clefTS of The VerTeBrae

Definition: Coronal cleft of the vertebrae occurs when there is failure of fusion of an uncommon posterior accessory vertebral 
body ossification nucleus with the normally present solitary central vertebral body ossification center at about 16–18 weeks ges-
tation, resulting in a split or cleft appearance of the vertebrae.1

ICD9/ICD10: 756.1/Q76 Syndrome Associations (Appendix)
Atelosteogenesis (FLNB)
Chondrodysplasia punctata (EBP)
Dyssegmental dysplasia (HSGP2)
Kniest dysplasia (COL2A1)
Larsen (FLNB)
Short rib-polydactyly (DYNC2H1, NEK1, WDR34, 
IFT140, IFT172, IFT80, WDR60)
Trisomies 13, 21
Turner (45,X)

Birth prevalence: incidence is not accurately known 
(male predominance)

Associated anomalies: posterior hemivertebrae, kyphosis

Laboratory studies: AP and lateral radiographs of the 
spine, CT, MRI

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian (AD, AR)

Coronal cleft vertebrae are recognized in lateral radiographic 
projection of the spine in the fetus and newborn (Fig. 4.7.1). 
The cleft appears as a radiolucent band separating the anterior 
and posterior ossified portions of the vertebral body, and its 
borders are quite variable in contour. In the cervical and upper 
thoracic areas, and to a lesser extent in the lower lumbar area, 
the dorsal portion is slightly smaller.2 Although cleft vertebrae 
may be found at all levels, they are more obvious in the lumbar 
spine.6 Ordinarily these distinctive vertebrae disappear during 
the first few months of life.

Coronal clefting of vertebrae, a radiologic phenome-
non, is not associated with external physical stigmata. They 
are found incidentally on radiographs obtained for other 
purposes.

The etiology of coronal clefts is unknown. Typically there is 
a solitary vertebral body ossification center, but a paired center 
may occur and is considered unusual. Histologically, coronal 
clefts show a missing central ossification of the vertebral body.6 
On radiographs, it appears as a radiolucent band separating 
the two portions. Persistence of the notochord has been pro-
posed as causal, although, histologically, notochordal cells 
have not been demonstrated.3 It consists of hyaline cartilage. 
Anomalous vascular development with subsequently altered 
ossification seems plausible.

The incidence is not accurately known, but coronal cleft ver-
tebrae have been found in about one-third of fetuses less than 23 
weeks gestation. Males are reportedly more commonly affected 
(10:1).4 Coronal cleft vertebrae are frequently present in a num-
ber of skeletal disorders and chromosomal abnormalities such 
as trisomy 13, trisomy 21, and monosomy X.5–8 One study found 

Fig. 4.7.1 Multiple coronal clefts of vertebrae in an infant with the rhizomelic 
type of chondrodysplasia punctata.



208 |  h U m a n  m a l f o r m aT i o n S  a n d  r e l aT e d  a n o m a l i e S

that clefts were most frequently observed in the following disor-
ders: atelosteogenesis (88 percent), chondrodysplasia punctata 
(79 percent), dyssegmental dysplasia (73 percent), Kniest dys-
plasia (63 percent), and short rib polydactyly (53 percent).5

Treatment: As coronal clefts are generally never complete 
and do not usually lead to any disturbance of vertebral devel-
opment, further intervention is not generally required.

Prognosis: As this condition is considered a benign normal 
variant, the prognosis is excellent. However, if coronal clefting 
occurs in association with sagittal clefting of the same verte-
brae, or there are other ossification defects, there may be seri-
ous consequences such as posterior hemivertebrae and clinical 
kyphosis. Genetic counseling is indicated for those individuals 
with specific syndrome diagnoses.
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4.8 SpondYlolYSiS and SpondYloliSTheSiS

Definition: Spondylolysis is a defect in the pars interarticularis of the vertical arch and occurs most often in the fifth lumbar 
vertebra, occasionally in the fourth, and even more rarely in others. Spondylolisthesis is the forward (ventral) slipping of a ver-
tebral body on the one next distal.

ICD9/ICD10: 756.13/Q76.2 Syndrome Associations (Appendix)
Marfan (FBN1)

Birth prevalence: about 1/25

Associated anomalies: pain, scoliosis, gait disturbances

Laboratory studies: supine and standing radiographs in 
both lateral and oblique projection; CT, bone scan

Prenatal diagnosis: none

Cause: sporadic, Mendelian (AD)

Spondylolysis occurs most often in children between ages 
six and 10 years and usually is asymptomatic, being detected 
on incidental X-ray evaluation (Fig. 4.8.1). The greatest risk 
of progression to vertebral slippage, or spondylolisthesis, is 
between ages 10 and 15 years (Fig. 4.8.2). When symptomatic, 
the presenting complaint is usually low back pain accentuated 
by physical activity. Postural changes and gait disturbances are 
also common symptoms and may occur in the absence of pain, 
and may be the only suggestive sign if slippage has occurred. 
A waddling gait can be observed and is the result of reduced 
hip flexion and subsequent tight hamstring muscles. Other 
findings have included local tenderness, limited spine mobil-
ity, and tight hamstrings. Neurologic findings related to her-
niated disc and nerve root impingement (numbness, tingling, 
weakness) are infrequent in children, being more common in 
adults with spondylolisthesis. Occasionally scoliosis is associ-
ated. The severity of symptoms and physical findings often cor-
relate with the degree of spondylolisthesis.

The diagnosis is made radiographically, with films taken in 
supine and standing positions in both lateral and oblique pro-
jection. Computed tomography is used to evaluate the anatomy 

of the pars interarticularis. Bone scanning may also be a useful 
diagnostic technique. The degree of slip can be expressed as a 
percentage of the anteroposterior diameter of the top of the 
first sacral vertebra.1

The incidence of spondylolysis is 4–8 percent in the gen-
eral population of individuals over age six years. In Alaskan 
Eskimos, 5 percent show the abnormality by six years of age 
and 20 percent by 35 years, findings attributed to the mechani-
cal stress and fatigue fractures of the pars.1 Other studies have 
shown a racial and sex difference: 1.1 percent in black females, 
2.3 percent in white females, 6.4 percent in white males, and 
2.8 percent in black males.2

Spondylolisthesis is classified into five major types: (1) dys-
plastic, congenital deficiency of the superior sacral or inferior 
fifth lumbar facets or both; (2)  isthmic (spondylolytic), due 
to (a) a separation, dissolution, or fibrous deformation of the 
pars interarticularis or (b) elongation of the pars without sepa-
ration; (3) degenerative; (4)  traumatic; (5) pathologic due to 
a local or generalized bone disease.3 The two main forms of 
spondylolisthesis are isthmic and dysplastic, with the former 
being most common. Isthmic spondylolisthesis is primarily 
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due to fibrous defect (usually bilateral) in the pars interarticu-
laris that will allow forward slippage of the vertebra over time. 
Dysplastic spondylolisthesis is caused by a defect in the facet 
of the vertebra that allows it to slip forward. This form usu-
ally does not cause symptoms until adolescence. The dysplastic 
form tends to be congenital whereas the isthmic form can be 
caused by repetitive trauma. Spina bifida occulta is found in 
11–18 percent of those with the dysplastic type.4

The upright habitus of the human is considered a prereq-
uisite for stress and repetitive microtrauma to the low back, 
which produces pars interarticularis defects—a condition 
that does not occur in other mammals.5 Both spondylolysis 
and spondylolisthesis have an increased incidence in per-
sons participating in heavy-labor occupations and in certain 
sports such as diving, weightlifting, wrestling, high jumping, 

rowing, and American football. Female gymnasts are also at 
high risk.

It is postulated that a lumbosacral midline lesion or other 
segmental defect at this level is more commonly observed in 
individuals found to have both spondylosis and spondylolis-
thesis.2 Spondylolisthesis may occur as a result of a congenital 
malformation involving the upper sacrum or arch of L5, or L5 
spina bifida occulta, which could allow forward slipping of L5 
to occur. Therefore, spondylolisthesis would not be classified 
as a congenital malformation but rather a resulting effect of a 
congenital vertebral malformation.

There could be an underlying genetic etiology or predis-
position to both anomalies, as there is a high rate of occur-
rence of these defects among family members. One study 
reported an incidence of 27 percent in first-degree relatives 
as compared with the expected 4–8  percent in the general 
population.2 Patients with each type of spondylolisthesis, 
isthmic and dysplastic, had relatives with the opposite type. 
Those with the dysplastic form had more affected relatives 
(33 percent) than those with the isthmic type (15 percent). 
Autosomal dominant transmission of this trait has been 
reported, with a penetrance of 75  percent.4 It also occurs 
occasionally in patients with Marfan syndrome and basal cell 
carcinoma syndrome.

Treatment: Considerable controversy exists over the best 
treatment of these disorders. Treatment for children is very 
different than that for adults. No treatment is necessary for 
the patient with asymptomatic spondylolysis and no slippage. 
They should be cautioned against certain sporting activities 
and heavy labor. If pain alone is present, bracing is indicated. 
When orthotic management is unsuccessful, surgical fusion is 
necessary. Genetic counseling is indicated if there is a positive 
family history.

Prognosis: Long-term prognosis of spondylolisthesis is 
related to the degree of vertebral slippage and whether nerve 
or nerve root entrapment has occurred.5 Surgical intervention 
in cases such as this are required in order to provide decom-
pression of the nerve and to prevent further injury.

Fig. 4.8.1 Spondylolysis. Unilateral defect in the pars interarticularis of the vertebral arch of a lumbar vertebra.

Fig. 4.8.2 Spondylolisthesis. The fifth lumbar vertebra has slipped forward on 
the L5–S1 interarticular cartilage (arrow).
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4.9 Sacral ageneSiS

(Caudal Regression, Caudal Dysplasia, Caudal Deficiency)

Definition: Absence or deficiency of coccygeal and sacral vertebrae with or without deficiency of lumbar vertebrae.

ICD9/ICD10: 756.17/Q76.49 Syndrome Associations (Appendix)
Currarino (HLXB9)
Maternal diabetes

Birth prevalence: 1/2,000–1/100,000

Associated anomalies: hydrocephalus, cleft lip +/- palate, 
congenital heart disease, meningomyelocele, renal 
malformations, cryptorchidism

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography, MRI

Cause: sporadic, Mendelian (AD), environmental

Absence of the lower coccygeal segments is usually recog-
nized incidentally when radiographic studies are performed 
for other purposes. Absence of the entire lumbosacral spine 
is quite rare. Most cases are intermediate between the two 
extremes, and four types can be distinguished.1 Type I can 
be total or partial and is characterized by unilateral sacral 
agenesis. Type II has partial agenesis of the sacrum, a nor-
mal or hypoplastic first sacral vertebra, and a stable sacro-
iliac joint. This is the most frequent type. Type III has total 
sacral agenesis and variable lumbar agenesis, and the ilia 
articulate with the lowest vertebra present (Fig. 4.9.1). Type 
IV has total sacral agenesis and variable lumbar agenesis, 
and the caudal endplate of the lowest vertebra rests above 
either the fused iliac wings or there is an iliac amphiar-
throsis. The patient’s clinical appearance depends on the 

extent of spinal involvement and the degree of neurologic 
impairment.

Congenital absence of the sacrum and lumbar vertebra 
(caudal dysplasia or caudal regression syndrome) is a rare con-
dition with reported incidence varying between 0.01 and 0.5 
per 1,000 live births.2 Prenatal detection is possible by ultraso-
nography. Fetal MRI may be helpful in identifying spinal cord 
involvement.

Animal experiments have shown that many defects in 
the developing spine result from a failure of inductive inter-
action between the neural ectoderm and the presumptive 
notochord. Another hypothesis suggests that there is failure 
of formation of the caudal notochord sheath and the ventral 
spinal cord.

A B C

Fig. 4.9.1 Varying Degrees of Absence of Lower Vertebral Column. A: Sacral agenesis in 23-week male fetus of mother with uncontrolled diabetes. Fetus also 
had holoprosencephaly and right tibial aplasia. B: Sacral and lower lumbar agenesis in 21-week male fetus of mother taking dilantin and using cocaine. C: Sacral, 
lumbar, and lower thoracic agenesis with rib anomalies in 24-week male fetus of mother with uncontrolled diabetes.



S p i n e  a n d  T h o r a c i c   c a g e  |  211

An assortment of associated congenital anomalies have 
been reported, including renal malformations, cryptorchi-
dism, hydrocephalus, cleft lip and palate, congenital heart 
disease, and meningomyelocele, all with low frequency. The 
association between diabetes in pregnancy and sacral agenesis 
is well described. It is estimated that 16 percent of human cases 
of sacral agenesis are associated with maternal diabetes mel-
litus.3 Many other agents have been used to induce this malfor-
mation experimentally in laboratory animals: lithium, vitamin 
A  deficiency, radiation, maternal hyperthermia, fat solvents 
and 6-aminonicotinamide.

The etiology of congenital absence of the sacrum appears 
to be heterogeneous. In the past, sirenomelia has been 
included in the spectrum of caudal dysgenesis. However, it is 
now considered by some to be an etiologically distinct mal-
formation related to vascular steal. The majority of instances 
of sacral agenesis are sporadic; however, there are several 
reports of familial cases consistent with autosomal dominant 
inheritance.

Another classification has been suggested based on the 
types of skeletal defects, associated anomalies, and pattern of 
inheritance:  (1)  caudal dysgenesis with complete absence of 
the sacrum and lower vertebrae, multiple congenital anoma-
lies, and association with maternal diabetes; (2)  agenesis of 
the distal sacral or coccygeal segments; (3)  hemisacral dys-
genesis with presacral teratoma; and (4) hemisacral dysgen-
esis with anterior meningocele. An autosomal dominant 
inheritance pattern has been suggested for all except type 1, 
which is rarely familial.4 Types 2, 3 and 4 may simply rep-
resent variations of the Currarino triad now also known as 
Currarino syndrome: partial sacral agenesis with intact first 
sacral vertebra (sickle-shaped sacrum), a presacral mass, 
and anorectal malformation. Some cases of Currarino syn-
drome are associated with heterozygous mutations in the 
homeobox-containing gene HLXB9.5-8 One study of families 
with Currarino syndrome and HLXB9 mutations found sig-
nificant clinical variability, with some affected individuals 
showing coccygeal hypoplasia only.6 Reduced penetrance has 

been reported, with approximately 4  percent of cases being 
nonpenetrant. Autosomal dominant inheritance of this con-
dition has been reported.

Treatment: Because the small sensory-type nerves are pre-
served, pressure sores are not a problem. As proprioception is 
intact, the patients are aware of their lower limbs, thus warrant-
ing salvage of the legs to permit a satisfactory functional sta-
tus.2 Spinal-pelvic fusion is controversial but may be necessary 
to stabilize the patient, aid in correcting flexion contractures of 
the lower limbs, improve sitting balance, and minimize com-
pression of abdominal viscera. When hip motion is restricted, 
surgical reduction of the femora will allow a sitting posture but 
results in nonambulation.

Genetic counseling is indicated if diabetic embryopathy, 
Currarino syndrome, or a positive family history for similar 
findings is present.

Prognosis: Prognosis is dependent not only on the orthope-
dic issues but also on any associated abnormalities.

REFERENCES

 1. Renshaw T: Sacral agenesis. A classification and review of twenty-three 
cases. J Bone Joint Surg Am 60A:373, 1978.

 2. Andrish J, Kalamchi A, MacEwen GD: Sacral agenesis: a clinical evalua-
tion of its management, heredity and associated anomalies. Clin Orthop 
139:52, 1979.

 3. Passarge E, Lenz W: Syndrome of caudal regression in infants of diabetic 
mothers: observations of further cases. Pediatrics 37:672, 1965.

 4. Welch JP, Aterman K: The syndrome of caudal dysplasia: A review, includ-
ing etiologic considerations and evidence of heterogeneity. Pediatr Pathol 
2:313, 1984.

 5. Ross AJ, Ruiz-Perez V, Wang Y, et al.: A homeobox gene, HLXB9, is the major 
locus for dominantly inherited sacral agenesis. Nat Genet 20:358, 1998.

 6. Kochling J, Karbasiyan M, Reis A:  Spectrum of mutations and 
genotype-phenotype analysis in Currarino syndrome. Eur J Hum Genet 
9:599, 2001.

 7. Belloni E, Martucciello G, Verderio D, et  al.:  Involvement of the 
HLXB9 homeobox gene in Currarino syndrome. Am J Hum Genet 
66:312, 2000.

 8. Cretolle C, Sarnacki S, Amiel J, et  al.:  Currarino syndrome shown by 
prenatal onset ventriculomegaly and spinal dysaphism. Am J Med Genet 
143A:871, 2007.

4.10 anomalieS of The riBS

Definition: Variations in the usual number, thickness, length, continuity, or attachments of the ribs.

ICD9/ICD10: 756.3/Q76.6 Syndrome Associations (Appendix)
Cerebro-costo-mandibular
Lysosomal storage disorders
Melnick-Needles (FLNA)
Menkes (ATP7A)
Multiple pterygia (CHRNG)
Osteogenesis imperfecta (COL1A1, COL1A2, CRTAP, 
LEPRF1, CYPB, SP, SERPINH1, IFTM5)
Short rib-polydactyly (DYNC2H1, NEK1, WDR34, 
IFT140, IFT172, IFT80, WDR60)

Birth Prevalence: 1/10–1/700

Associated anomalies: vertebral anomalies, deformation 
of the chest wall

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian
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Ribs can have any of the localized lesions that occur in the 
tubular bones of the appendicular skeleton. Some variations in 
rib morphology (long ribs, short ribs, thin ribs, expanded ante-
rior metaphyses) may be suspected because of deformation of 
the chest wall. Combinations of rib and sternum changes may 
result in a small thoracic cage or chest walls that are long and 
narrow, bell shaped, or barrel shaped. Abnormal appearance 
of the chest wall alone may prompt radiographic evaluation, 
which will document the extent of the bony changes. Standard 
radiography can be supplemented by other imaging modalities 
such as computerized tomography. In other cases, anomalies 
of the ribs may be suspected because of other findings associ-
ated with specific syndromes or dysplasias.1 Variations in rib 
morphology and variations in rib number may be found inci-
dentally on radiographs.

The ribs consist of 12 pairs of elastic arches of ribbon-like 
bone that form a large part of the thoracic wall. The first seven 
pairs (true or vertebrosternal ribs) are connected posteriorly 
with the thoracic vertebral column and anteriorly with the 
sternum via the costal cartilages. The lower five pairs, false 
ribs, have no direct attachment to the sternum. Ribs 8–10 
attach anteriorly to the rib above (vertebrochondral ribs). 
Floating or vertebral ribs are represented by the lower two rib 
pairs, which are free at their anterior extremities, terminating 
in the abdominal wall. Ribs increase in length from the first to 
the seventh, below which their length decreases.

The incidence of rib anomalies varies greatly, from 
0.15  percent to 3.4  percent in a population of whites and 
blacks.2 Samoans have a 10.4 percent incidence, with the pre-
dominant anomalies consisting of bifid ribs (Fig. 4.10.1), rib 
spurs, and wide or enlarged ribs, mostly involving the third 
and fourth ribs. In this population males are affected twice as 
often as females. In one North American study, fusion was the 
most common pattern of rib anomaly (72 percent), followed 
by bifid (28 percent), and hypoplastic (26 percent).1

Variations in rib number:  Extra ribs are one of the most 
common abnormalities; cervical ribs account for 32  percent 
and lumbar ribs for 29.3 percent of all congenital costal anom-
alies.1 They are usually bilateral but often are asymmetric and 
occur more frequently in females. The extra ribs may occur as 
an isolated finding or as part of a syndrome. Similarly, aplasia 

or other rib anomalies may occur as isolated findings or as part 
of a syndrome.

Thin or hypoplastic ribs:  Slender ribs can be observed in 
conditions associated with bone gracility (Fig. 4.10.1). In gen-
eral, if there has been a prior history of decreased physiological 
stimuli to the thoracic cage due to underdeveloped or paralyzed 
intercostal muscles, this can greatly interfere with the normal 
development of the rib, causing a slim or thin appearance.

Thick ribs: Wide or thickened ribs can be observed in condi-
tions associated with broad tubular bones (Fig. 4.10.1). Specific 
types of rib widening are seen in specific skeletal dysplasias, thal-
assemia, or storage disorders. Rib expansion due to bone replace-
ment by lipogranulomatous tissue has also been described.3

Short ribs: The appearance of the thorax is often dependent 
on the number and location of the dysmorphic shortened rib. 
Generalized rib shortening results in a narrow thorax (Fig. 4.10.1). 
Shortening confined to single or to a few ribs may manifest as a 
focal lesion that does not affect the appearance of the thorax.3

Rib gaps:  This finding can be a congenital abnormality 
or acquired (observed after surgical procedures, fractures, or 
infections). Rib gaps occurring congenitally tend to involve 
ribs 4–10 and are due to incomplete ossification of the poste-
rior portions of the ribs that articulate normally with the verte-
brae. In more severe cases the posterior portion of the rib may 
be ossified with the remainder cartilaginous.3

Bifurcation of ribs: Segmentation defects of the ribs include 
bifurcation, fusion, and briding of the ribs (Fig. 4.10.1). 
Bifurcation consists of duplication of the anterior portion of the 
rib and is most commonly observed involving the fourth rib.3

Fusion of ribs:  this can be complete (involving the entire 
arch), or partial (involving the anterior, posterior or middle 
portions). Fusion of the ribs can occur congenitally or second-
ary to trauma.3

Prominence of sternocostal junctions:  The first seven rib 
pairs form sternocostal junctions with the sternum. Rib pairs 
derived from the eighth to the 12th thoracic vertebrae repre-
sent “false ribs,” as they do not connect to the sternum. The 
vertebrae, ribs, and sternum arise from different embryologic 
origins; therefore, the development of each is independent 
of one another. Infection or inflammation of the rib, such 
as costochondritis, can cause asymmetry of the sternocostal 

Fig. 4.10.1 A: Thick ribs in newborn female with mucopolysaccharidosis VII. B: Gracile ribs in newborn female with trisomy 18. C: Short ribs in newborn male with 
short rib polydactyly. D: Duplication of left eighth rib in a 20-week-old male fetus with lumbar spina bifida.
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junction, as does subluxation. Pectus carinatum may fall into 
this category due to growth disturbance of both the sternum 
and costal cartilages with premature sternal fusion.4

Treatment: In most cases, no treatment is necessary for vari-
ations in rib number or morphology.

Prognosis: Prognosis in rib anomalies is dependent on the 
underlying diagnosis.
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4.11 cerVical riB

Definition: Supernumerary rib arising from the transverse process of the seventh cervical vertebra that ends freely in the cervi-
cal soft tissue or articulates with the first rib posterior to the scalene tubercle. (Less commonly, the cervical rib may arise from 
the sixth cervical vertebra.)

ICD9/ICD10: 756.20/Q76.5 Syndrome Associations (Appendix)
Simpson-Golabi-Behmel (GPC3)
Cleidocranial dysplasia (RUNX2)
Opitz KBG (ANKRD11)

Birth prevalence: 1/30–1/200

Associated anomalies: thoracic outlet compression

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian (AD)

The majority of cervical ribs are asymptomatic and are 
identified on radiographs obtained for unrelated rea-
sons (Fig.  4.11.1). At least half are bilateral although often 
asymmetrical. About 10 percent of cases develop signs and 
symptoms of compression of the subclavian artery, somatic 
branches of the brachial plexus, and/or sympathetic nerves 
(cervical rib-scalene muscle syndrome and/or neurogenic 
thoracic outlet compression syndrome).1-3 Symptoms of 

cervical rib tend to include noninflammatory neck mass 
and pain and occasionally subtle upper limb paresthesia and 
absent radial pulse.4

The complete cervical rib articulates with the seventh 
cervical vertebra and may fuse with the first (thoracic) rib or 
connect with it by a fibrous cord. Plain neck radiograph or 
computed tomography is typically used to diagnose or confirm 
the presence of cervical rib.

Fig. 4.11.1 Cervical Rib. Left: Unilateral right cervical rib (arrow). Note segmentation abnormalities in cervical rib and thoracic vertebrae. Right: Bilateral cervical ribs 
(arrows). Note segmentation abnormalities of thoracic vertebrae.
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The prevalence varies in different populations.4,5 Most 
cases are sporadic, and there are three times as many cases 
in females as in males. Fetuses have shown a 10-fold higher 
prevalence than liveborn infants.6,7 Autosomal dominant 
transmission has been reported, documenting variable expres-
sion.8,9 Cervical ribs have been reported in several hereditary 
syndromes and chromosome aneuploidies.

An elongated transverse process of the seventh cervical ver-
tebra may be considered an incomplete cervical rib. Unlike the 
complete cervical rib, it fuses with the seventh cervical vertebra. 
There is no osseous connection with the first rib, although a 
fibrous cord may extend between them. An elongated trans-
verse process of C7 occurs three times as frequently as cervical 
ribs, occurs more commonly in females, and may be associated 
with neurovascular compression at the thoracic outlet.

Treatment: No treatment is necessary for the majority of 
cases; up to 90 percent are asymptomatic. Those that become 
symptomatic do so in adult life, with neck pain or pain and 
paresthesias along the part of the brachial plexus involved 
and evidence of vascular occlusion in the upper limb. Often 
this follows neck injury or other stresses on the neck. Physical 
therapy and bracing are often helpful. Surgical release is indi-
cated for neurovascular compression symptoms and may 
involve resection of both cervical and first ribs.2,3,10,11

Prognosis: Prognosis is generally excellent. If cervical rib is a 
component of a syndrome, other associated findings may com-
promise the prognosis.
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4.12 pecTUS eXcaVaTUm

(Funnel Chest, Hollow-Chest, Cobbler’s Chest)

Definition: Abnormality of the anterior chest wall characterized by an inward depression of the sternum and costosternal ribs.

ICD9/ICD10: 756.3/Q76.8 Syndrome Associations (Appendix)
Cardiofaciocutaneous (BRAF, MAP2K2, KRAS)
Coffin-Lowry (RPS6KA3)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Ehlers-Danlos (COL3A1, COL1A2)
Freeman-Sheldon (MYH3)
Marfan (FBN1)
Noonan (PTPN11, SOS1, RAP1, KRAS, SHOC2, BRAF, 
MAP2K1)
Shprintzen-Goldberg (SK1)

Birth prevalence: 1/100–1/200

Associated anomalies: scoliosis, mitral valve prolapse

Laboratory studies: chest CT or MRI as well as 
pulmonary function testing and echocardiogram if 
clinically indicated

Prenatal diagnosis: none

Cause: Mendelian

The diagnosis of pectus excavatum is made clinically 
(Fig. 4.12.1). The moderate and severe cases may compress the 
heart, lung and esophagus, and the heart may be displaced to 
the left. Compression atelectasis may also occur. Pectus exca-
vatum may be present at birth, although it is often overlooked 
and may worsen during phases of rapid vertical growth and 
puberty.1-4 The deformity becomes more noticeable with age, 
and the medical evaluation is prompted by cosmetic concerns. 
Most younger children are asymptomatic; however, with age 
there may be associated symptoms such as dyspnea, chest 

discomfort, palpitations, or exercise intolerance. Body image 
is often affected as well.

Pectus excavatum is the most common thoracic abnor-
mality, with an incidence of 6–8 per 1,000 children. Boys 
are more affected, with a M:F ratio of 5:1, and approximately 
95  percent of cases occur in Caucasian patients.1,2 Although 
most cases of pectus deformities are isolated, they are seen in 
association with scoliosis and mitral valve prolapse, as well as 
multiple malformation syndromes, particularly Marfan syn-
drome. The deformity is typically described as symmetric or 
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asymmetric, with asymmetry being associated with sternal 
rotation. The deformity may be localized (cup-shaped), dif-
fuse (saucer-shaped), or long and unilateral (canyon-type).4 In 
familial cases, it is inherited in an autosomal dominant fash-
ion.3 A causal mechanism of this congenital deformity has not 
been established; however, one proposed cause is due to a rela-
tive weakening of the costal cartilages possibly due to histo-
pathological and mineral eccentricities resulting in posterior 
migration of the sternum.4

Treatment: Surgical intervention is typically recommended 
between the ages of 10 and 14 years, as the thoracic rib cage is 
more malleable, allowing for faster recovery, better results, and 
a lower recurrence rate, although excellent results have also 
been reported in adults.

Indications for surgery include evidence of cardiac and/or 
pulmonic compression, restrictive lung disease on pulmonary 
function testing, cardiac compression, mitral valve prolapse 
or cardiac conduction abnormalities, exercise intolerance, or 
recurrence.4-6

For cases where surgery is considered, a noncontrast com-
puted tomography will allow three-dimensional delineation of 
the deformity and allow the calculation of a pectus index score, 
which can guide selection of repair technique.4 The pectus 

index measures the chest transverse diameter divided by the 
sternum-to-vertebral distance at the maximal sternal depres-
sion. A pectus index greater than 3.25 would support surgical 
intervention.

The Ravitch procedure was described in 1949 and involves 
bilateral parasternal and subperichondrial resection of the 
deformed costal cartilages with detachment of the xiphoid 
process. Then a transverse wedge osteotomy is performed at 
the upper edge of the sternal depression, bending the sternum 
anteriorly to straighten its course. Then the corrected position 
of the sternum is secured.5 The minimally invasive technique 
for repair of pectus excavatum (MIRPE) procedure was intro-
duced in 1998 by Donald Nuss, in which a curved stainless 
steel bar is inserted behind the sternum while avoiding car-
tilage resection. This procedure is associated with minimal 
scarring, decreased operative time, and decreased blood loss.5 
Surgical success is determined by the flexibility of the thorax 
as well as patient-specific anatomy, as complications of inter-
nal organ injury, bar rotation/displacement, and pneumotho-
rax have been reported. This often prompts the use of metallic 
stabilizers in association with this procedure. MIRPE does 
not yield superior results in adults with more rigid thoracic 
cages or in pediatric patients with asymmetric deformations. 
Postoperatively, incentive spirometry is recommended with 
continuation of deep-breathing exercises.

Prognosis: Most infants and children with pectus excavatum 
are asymptomatic. Alternatively, the deformity may impair 
cardiopulmonary function by restricting pulmonary move-
ment, causing a shifting of the heart and leading to a decrease 
in pulmonary volume. Others may have progression of the 
anomaly and present with noisy respirations or other related 
respiratory abnormalities. Inspiratory stridor in a neonate or 
young child may cause paradoxical sternal movement that 
improves with resolution of the stridor; however, most pec-
tus anomalies are progressive and do not improve with skeletal 
maturity. Older children may develop poor exercise tolerance, 
easy fatigability, and dyspnea. The physical signs combined 
with the cosmetic concerns frequently result in surgical inter-
vention in this condition. Surgical correction of moderate to 
severe pectus excavatum deformities has been demonstrated 
to improve cardiopulmonary exercise function by the normal-
ization of thoracic geometry.
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Fig. 4.12.1 Pectus excavatum in a 16-year-old male.
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4.13 pecTUS carinaTUm

(Pigeon Breast, Chicken Breast, Pyramidal Chest)

Definition: Abnormality of the anterior chest wall characterized by protrusion of the sternum and costosternal rib junction, 
resulting in a bowed-out appearance of the chest.

ICD9/ICD10: 754.82/Q67.7 Syndrome Associations (Appendix)
Loeys-Dietz (TGFBR1, TGFBR2)
Marfan (FBN1)
Noonan (PTPN11, SOS1, RAP1, KRAS, SHOC2, BRAF, 
MAP2K1)

Birth prevalence: 1/150

Associated anomalies: cardiac and pulmonary 
dysfunction is uncommon, intermittent chest pain and 
dyspnea has been reported

Laboratory studies: AP, chest X-rays

Prenatal diagnosis: unlikely

Cause: Mendelian

The diagnosis of pectus carinatum is made clinically and 
may not be noted until late childhood or early adolescence. 
Pectus carinatum is the second most common congenital chest 
wall deformity (Fig. 4.13.1). Often the deformity may become 
more evident during puberty, and medical evaluation is often 
prompted by cosmetic concerns.1-3 This congenital deformity 
is more common in males than females, with a ratio of 4:1, and 
also is observed more commonly in South America compared 
to North America.1

While etiology is not well understood, as an isolated anom-
aly approximately 26 percent of patients have a family history 
of chest wall deformities, indicating a genetic predisposition. 
This deformity can also be observed as a reactive iatrogenic 
complication from surgical pectus excavatum repair. Pectus 
carinatum can be associated with intermittent chest wall pain 

that is exacerbated by sudden movements. Suboptimal pulmo-
nary function has also been reported.2

Treatment: Most patients will not have symptoms; however, 
tenderness when lying prone can be observed. Negative body 
image and psychosocial stressors can be a significant part of 
this finding. Orthotic bracing with an external prosthesis is 
the first intervention typically recommended in patients under 
the age of 18 years. The bracing is designed to apply continu-
ous external pressure to the anterior chest wall with the intent 
of remolding the sternum and thoracic ribs.2,3 Typically, the 
brace is worn a minimum of eight to 12 hours per day with 
observation and follow-up over a 12-month period. If success-
ful, the bracing is worn as a retainer for an additional three to 
19 months. Success of this is dependent on patient compliance 

      

Fig. 4.13.1 Frontal and lateral views of pectus carinatum in a 15-year-old male. Radiograph of 4-year-old boy with pectus carinatum. Note fusion of central 
sternebrae (arrow).
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and the malleability of the chest wall. Surgical management 
can be considered in patients with stiffer chest walls, severe 
chest asymmetry, or lesser improvement with bracing.3-5 The 
Abramson repair utilizes an implanted metal bar to apply ante-
rior sternal compression. For more severe cases, a traditional 
open repair with sternal osteotomy and costal cartilage resec-
tion is performed.4 Surgical intervention has a high success 
rate with minimal complications and is consistently evolving 
with newer techniques that are less invasive.1

Prognosis: With bracing that reveals improvement, or surgi-
cal repair, most patients report a subjective improvement in 

prior chest discomfort as well as improvement in stamina and 
self-esteem.1
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4.14 anomalieS of The STernUm

(Cleft Sternum, Asternia, Sternum Segmentation Abnormalities, Premature Sternal Synostosis)

Definition: Absence, abnormal segmentation, premature synostosis, or distal bifurcation of the sternum.

ICD9/ICD10: 756.3/Q76.7 Syndrome Associations (Appendix)
Branchial cleft anomalies
Pentalogy of Cantrell
Trisomies 18, 21

Birth prevalence: unknown

Associated anomalies: shortened, malformed or absent 
sternum, congenital cardiac defect(s), cleft lip +/- palate, 
omphalocele

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: isolated, chromosomal, Mendelian (AD)

The sternum forms the midline portion of the anterior chest 
wall and consists of three parts, the manubrium, the meso-
sternum, and the xiphoid process. Defects in the sternum may 
occur in isolation or as part of a multiple malformation syn-
drome. Diagnosis is based on the physical exam and/or radio-
graphs. The sternum is visualized on oblique and lateral views. 
Cleft and notched sternums are not visualized using conven-
tional radiography but are inferred from the displacement of 
the medial ends of the clavicles.1

Sternal development begins in the sixth week postcon-
ception as bands of condensed cells that form from body 
wall mesoderm. These bands fuse, beginning at the cranial 
end, and join with the midline ends of the first seven ribs. 
By nine weeks postconception, the sternum is cartilaginous. 
Six ossification centers develop from superior to inferior and 
fuse in reverse order of appearance from caudad to cephalad, 
beginning in the early childhood and continuing into the 
third decade. The xiphoid process may remain cartilaginous 
throughout life, with the manubrosternal center remaining 
open in up to 90 percent of adults. It is hypothesized that the 
pattern of strain exerted by the ribs on the sternum is respon-
sible for sternal segmentation.

Arrested or altered development at any stage in sternum 
formation can result in anomalies which may be isolated 
or part of a multiple malformation syndrome. Premature 

synostosis may result in a short or deformed sternum as is seen 
in many chromosomal aberrations. This defect has been seen 
in association with micrognathia and congenital cardiac defect 
and as an autosomal dominant trait.

Complete congenital nonsegmentation of the sternum is 
extremely rare. Multiple ossification centers of the manubrium 
are occasionally seen and can produce asymmetry of the ster-
noclavicular joints. Separate inferior and superior manubrial 
centers are common in infants with Down syndrome.

Premature synostosis may result in a shortened or mal-
formed sternum and is seen in association with chromosomal 
anomalies such as trisomy 18, trisomy 21, Turner syndrome 
(45,X), and Wolf-Hirschhorn syndrome (4p-). Isolated aster-
nia has been reported.2

Cleft or bifid sternum is common, most often occurring 
in the mesosternum. The xyphoid process may be forked. The 
sternal cleft may be partial or complete and may be seen in 
association with vascular dysplasia or cardiac lesions, such 
as ectopia cordis with a supraumbilical raphe, or in associa-
tion with other midline defects such as cleft lip and palate and 
omphalocele, known as pentalogy of Cantrell. An association of 
these findings along with craniofacial hemangiomas have been 
previously proposed as a new autosomal dominant syndrome.3 
The most severe clefts are associated with ectopia cortis. The 
pathogenesis of these disorders is unknown; however, early 
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disruption of midline mesodermal structures would lead to 
incomplete fusion of the sternal bands and overlying soft tis-
sues. Children with diastrophic dysplasia occasionally have a 
double layered manubrium, which may represent a persistence 
of the midline embryonic cartilaginous structure.4

Treatment: A cleft sternum may be asymptomatic and not 
require intervention. Alternatively, the defect may cause symp-
toms including respiratory distress, dyspnea, frequent infections, 
or paradoxical movement of the chest wall. Severe defects and 
associated anomalies may require surgical intervention.5 The 
repair ideally should be performed in the neonatal period when 
the chest wall is compliant. A midline incision is made with ster-
nal edges dissected free. In incomplete cleft, a wedge of cartilage is 
resected to make the sternum complete. In older patients a more 
complex repair may be required that utilizes a form of grafting.6

Prognosis: The prognosis is variable, depending upon the 
defect and whether an underlying genetic or chromosomal 
anomaly exists.
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5 | SKULL

JOHN M. GRAHAM, JR. AND PEDRO A. SANCHEZ-LARA

INTRODuCTION

The skull is affected in many different disorders, which include 
all four categories of abnormal morphogenesis:  malforma-
tions, deformations, disruptions, and dysplasias. Alterations 
in different parts of the skull can offer useful clues regarding 
the presence of underlying patterns of altered morphogenesis, 
and this chapter contains entries that cover each of the com-
mon skull alterations with a list of the most common underly-
ing disorders that should be considered when this finding is 
encountered in a patient.

There are two types of bones in the skull:  endochondral 
bones, which are formed through the ossification of cartilagi-
nous precursors, and membranous bones, which form through 
ossification of mesenchyme. Thus the bones in the head can 
be divided into the neurocranium, which surrounds and pro-
tects the brain within the membranous bones of the skull vault 
and endochondral bones along the skull base and within the 
middle ear and nose, and the viscerocranium, which includes 
the bones of the face and anterior neck. Neurocranial bones 
arise through inductive influences from epithelial structures 
on the neighboring mesenchyme, which are mediated by 
growth factors and extracellular matrix. Type II collagen and 
cartilage-specific proteoglycans are involved in the formation 
of the chondrocranial bones of the cranial base. Thus, unlike 
the appendicular skeleton, which is controlled by mesoderm 
underlying the ectoderm of the limb, it is the epithelium in 
the head that induces the facial skeleton and controls its 
morphogenesis.

Cranial neural crest cells in the head region differenti-
ate into mesenchymal cells that form the bones of the face, 
while the cranial base and other portions of the cranium are 
formed by the mesodermally derived occipital somites and 
somitomeres. The chondrocranium develops by fusion of a 
number of cartilaginous structures, which ossify to form the 
base of the skull. Posteriorly, the base of the occipital bone is 
formed from parachordal cartilage and three occipital sclero-
tomes. The hypophyseal cartilages fuse to form the sphenoid 
bone, while the prechordal cartilage forms the ethmoid bone, 
which along with the nasal and turbinate bones, encapsulates 
the nasal cavity. Primitive otic capsule ossification centers fuse 
with the parachordal cartilages to form the periotic or petro-
mastoid bone. On either side of the medial plate, the ala orbi-
cularis and ala temporalis form the greater and lesser wings of 
sphenoid bones around the eye, and the periotic capsule forms 

the temporal bones within the middle ear. The membranous 
neurocranium ossifies to form the cranial vault through bony 
spicules, which progressively radiate from primary ossification 
centers near the center of each bony plate toward the periph-
ery, where the sutures develop.

The membranous cranial bones are separated by connec-
tive tissue seams, which are termed sutures, and most of the 
growth of the skull occurs at these seams. Membranous bones 
enlarge during fetal and postnatal life by the apposition of new 
layers to the outer surface of the skull (ectocranial bone depo-
sition), while endocranial osteoclastic bone resorption occurs 
on the inner surface. Growth of cranial bones is directly related 
to brain growth, and fusion of cranial sutures is related to the 
cessation of brain growth. There are six fibrous areas where two 
or more cranial bones meet to form the sutures and fontanels. 
The five major sutures are the metopic, sagittal, coronal, squa-
mosal, and lambdoid sutures; the six fontanels are the anterior 
(1), sphenoidal (2), posterolateral (2), and posterior (1) (Fig. 
5.I.1). The sutures and fontanels allow the bones of the skull to 
overlap each other (termed molding) during the birth process 
and provide growth centers of expansion of the skull as the 
brain increases in size. During normal development, different 
sutures and fontanels close at different times depending on the 
interplay between different molecules.

Bone morphogenetic protein (BMP) is one of the most 
important members of the transforming growth factor beta 
superfamily. It is ubiquitously expressed throughout the 
embryonic cranium, where it stimulates widespread bone for-
mation. The BMP-antagonist, noggin, is expressed in all the 
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Fig. 5.I.1 Location of cranial sutures and fontanels.
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embryonic sutures. Locally expressed fibroblast growth factor 
2 (FGF2) downregulates noggin in sutures that fuse, facilitat-
ing BMP-mediated bone formation within the closing sutures. 
Absence of FGF2 allows noggin to repress BMP in sutures 
that remain open, and there is some evidence that mechani-
cal growth stretch within the underlying dura plays a role in 
maintaining sutural patency.

At birth, the cranium is disproportionately large compared 
with the facial skeleton, and it continues to grow rapidly until 
the fifth to seventh years (Fig. 5.I.2). As mentioned above, 
different sutures become ossified at different times, with the 
metopic suture being the first to ossify at four to seven months, 
while the remaining sutures do not become completely ossified 
until adulthood. Fibroblast growth factors (FGFs) are secreted 
into the extracellular milieu and are involved in tyrosine kinase 
signaling, and mutations in their receptors (FGFRs) can affect 
skeletal morphogenesis.

Craniosynostosis syndromes involve mutations in three 
FGFR genes (FGFR1, FGFR2, and FGFR3), two transcription 
factor genes (TWIST and MSX2), and two ligand genes (EFNB1 
and EFNA4). FGFR1 and FGFR2 are expressed in the precar-
tilaginous craniofacial structures, while FGFR3 is expressed in 
the growth plates of long bones. In general, FGFR1 promotes 
osteogenic differentiation, FGFR2 increases proliferation, and 
FGFR3 increases long bone growth, with increased expression 
also noted in the occipital region. TWIST is a DNA-binding 
protein gene that regulates cell proliferation, and MSX2 and 

ALX4 regulate parietal cell growth. Mutations in these genes 
can affect the skull.

The ephrins (EPH) comprise a large subfamily of recep-
tor protein-tyrosine kinases that are not secreted into the 
extracellular milieu but instead are bound to the cell surface 
that produces them; thus bidirectional signaling occurs only 
between immediately adjacent cells. In mice, the Efnb1 gene 
is expressed in the frontonasal neural crest and demarcates 
the position of the future coronal suture. Although EFNB1 is 
X-inactivated, there is no skewing of X inactivation in females 
with Craniofrontonasal syndrome, and, paradoxically, males 
with EFNB1 mutations are less severely affected than females 
with the same mutation, suggesting that other EPH genes 
can replace the function of EFNB1 in males who have no 
functional gene. In heterozygous females, patchwork loss of 
ephrin-B1 disturbs tissue boundary formation at the develop-
ing coronal suture, resulting in craniosynostosis. Mutations in 
EFNA4 have also been found in some patients with coronal 
craniosynostosis.
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Fig. 5.I.2 A series of skulls from a newborn (left), 7-year-old child (center), and adult (right) showing the frontal and lateral proportional relationships displayed in 
the bottom frames. (Courtesy of Dr. Bernard Sarnat, Cedars-Sinai Medical Center, Los Angeles, CA.)
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5.1 CRANIOsYNOsTOsIs

(Craniostenosis, Cranial Suture Synostosis, Premature Sutural Fusion)

Definition: Premature fusion of one or more cranial sutures. The term craniostenosis literally means “cranial narrowing” and 
describes the abnormal head shape that results from craniosynostosis. The two terms are sometimes used interchangeably.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
Metopic
Trigonocephaly (FGFR1)
Metopic craniosynostosis (FREM1)
Opitz C trigonocephaly (CD96)
Sagittal
Berant
Cranioectodermal dysplasia (ITF43, WDR35, WDR19, 
IFT122)
Loeys-Dietz (TGFB2, TGFBR1, TGFBR2, SMAD3)
Sensenbrenner (IFT122)
Shprintzen-Goldberg (SKI)
Coronal
Apert (FGFR2)
Coronal craniosynostosis (TCF12)
Cranio-fronto-nasal dysplasia (EFNB1)
Crouzon (FGFR2, FGFR3)
Muenke (FGFR3)
Non-syndromal coronal craniosynostosis 
(FGFR3, EFN4)
Pfeiffer (FGFR1, FGFR2)
Multiple
3MC (COLEC11, MASP1)
Antley-Bixler (POR)
Baller-Gerold (RECQL4)
Beare-Stevenson cutis gyrata (FGFR2)
Boston type (MSX2)
Carpenter (RAB23, MEGF8)
Craniosynostosis and dental anomalies (IL11RA)
Craniosynostosis Type 4 (ERF)
Craniosynostosis Type 5 (ALX4)
Thanatophoric dysplasia (FGFR3)

Birth prevalence: 1/2,000 to 1/2,500

Associated anomalies: proptosis, downslanting palpebral 
fissures, hypertelorism, low nasal bridge, high-arched 
palate, abnormal rotation of ears, helical abnormalities, 
midface hypoplasia, facial asymmetry, microcephaly, 
hydrocephalus, brain malformations, lückenschädel, 
convolutional markings, plagiocephaly, brachycephaly, 
turricephaly, acrocephaly, scaphocephaly, trigonocephaly, 
syndactyly, clinodactyly, polydactyly, radial hypoplasia, 
visceral malformations, dermatologic abnormalities, 
endocrine abnormalities, metabolic abnormalities, 
hematologic abnormalities

Laboratory studies: radiographs, 3D-CT scan, MRI, gene 
sequencing, chromosome microarray

Prenatal diagnosis: 3D ultrasonography reliable, MRI, 
gene sequencing

Cause: sporadic, chromosomal, Mendelian (AD, AR, XL)

Craniosynostosis is a common skull malformation that must 
be distinguished from cranial deformation, which is also very 
frequent. A careful search for associated malformations, par-
ticularly those affecting the digits and ears, should help to 
distinguish syndromal craniosynostosis from isolated cranio-
synostosis. Premature synostosis is usually recognized shortly 
after birth from the shape of the head, early closure of a fon-
tanel, head asymmetry, and/or palpable ridging along a closed 

suture (Figs. 5.1.1). With craniosynostosis, radiographs may 
reveal sclerosis of the suture with no apparent intervening 
sutural lucency, but it can be difficult to distinguish an overlap-
ping suture from synostosis. On cross-sectional images, dense 
ridging over the suture may be evident, particularly with sagit-
tal and metopic synostosis. If there is uncertainty as to whether 
sutures are truly synostotic, 3D-CT can provide a more accu-
rate appraisal (Figs. 5.1.1–5.1.4).1-3
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Craniosynostosis can occur in isolation or be associated 
with other anomalies. Depending on the fused suture(s), the 
cranial configuration may appear brachycephalic, trigonoce-
phalic, scaphocephalic, dolichocephalic, turricephalic, acro-
cephalic, plagiocephalic, or lobated. Secondary distortion of 
skull shape results from the combination of lack of growth per-
pendicular to the synostotic suture and compensatory expan-
sion across the open suture(s), thereby allowing for clinical 
diagnosis of the type of sutural fusion.

It is important to recognize associated genetic syndromes 
because they are more commonly associated with multiple 
suture synostosis and other complications affecting sensory, 
respiratory, and neurological functions.2 Associated findings 
elsewhere can also suggest a syndromal form of craniosynos-
tosis, especially when there are distal limb anomalies (broad 
deviated halluces or thumbs, complete or partial 3–4 syndac-
tyly, and/or clinodactyly). Syndromal craniosynostosis can be 
associated with intellectual disability, hydrocephalus, and/or 
optic atrophy secondary to increased intracranial pressure, so 
it is important to determine whether urgent or elective surgical 
management is indicated. Craniosynostosis has also occurred 
with various chromosomal abnormalities in association with 
visceral malformations and intellectual disability, and it can 

arise secondary to endocrinologic, metabolic, or hematologi-
cal alterations.4 Environmental factors include heavy cigarette 
smoking, prenatal valproic acid exposure, maternal thyroid 
disorders, and fetal head constraint.1-5

This condition is extremely heterogeneous as to its cause, 
presentation, and management, thus it is best managed in a mul-
tispecialty tertiary care center. It is usually an isolated, sporadic 
anomaly in an otherwise normal child, with the sagittal suture 
affected most frequently followed by the coronal, metopic, and 
lambdoid sutures. In a study of 326 children operated on for cra-
niosynostosis at one centralized facility between 1993 and 2002, 
and monitored until the end of 2007, Wilkie et al. established 
a genetic diagnosis in 21  percent of cases (86  percent mono-
genic disorders and 14 percent chromosomal disorders), with 
the most frequently involved genes FGFR2 (32 percent), FGFR3 
(25  percent), TWIST1 (19  percent), and EFNB1 (7  percent).4 
Craniosynostosis also occurs with abnormalities of TGF-Beta 
signaling such as Loeys-Dietz syndrome, Marfan syndrome, 
and Shprintzen-Goldberg syndrome.6,7 Dermatologic abnor-
malities such as acanthosis nigricans, and ectodermal anomalies 
affecting teeth, hair, and nails, should suggest specific syn-
dromes such as Crouzon syndrome with acanthosis nigricans 
or Sensenbrenner syndrome. In recent years, a number of other 

Fig. 5.1.1 Schematic drawing showing sagittal synostosis with dolichocephaly and 3-D CT scan in 6-week-old male showing sagittal synostosis.
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craniosynostosis genes have been discovered (see Associated 
Syndromes). Among 660 mutation-negative nonsyndromal 
craniosynostosis patients, an analysis of family histories by 
Greenwood et al. showed that the incidence rate of craniosyn-
ostosis was highest for first-degree relatives of patients with 

metopic craniosynostosis (6.4 percent) followed by those with 
complex craniosynostosis (4.9 percent), sagittal craniosynosto-
sis (3.8 percent), lambdoid craniosynostosis (3.9 percent), and 
coronal craniosynostosis (0.7 percent). Siblings were more often 
affected (7.5 percent) than parents (2.3 percent).8

A
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Fig. 5.1.2 A: Schematic showing bilateral premature coronal synostosis. B: Front and top views of bilateral coronal synostosis by 3-D CT in a 3-month-old female. 
C: 3-D CT of unilateral nonsyndromal right-sided coronal synostosis in a 3-month old female.
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Fig. 5.1.3 Metopic synostosis. A: Photographs show trigonocephaly in a 1-year-old male secondary to metopic synostosis with associated microcephaly 
(occipitofrontal circumference less than third centile) but normal development. His brother, father, and paternal grandfather were similarly affected. (Reprinted with 
permission from Hennekam RCM and van den Boogaard MJ. Clin Genet 38:374, 1990.) B: Radiographs show trigonocephaly associated with metopic synostosis. 
(Courtesy of Dr. Rodney I. Macpherson, Medical University of South Carolina, Charleston, SC.) C: 3-D CT scans of metopic synostosis in an otherwise normal 
2-month-old male.
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Treatment: Mild degrees of craniosynostosis do not always 
require surgery; however, in moderately severe cases, early sur-
gery is usually warranted. The usual indication for surgery is 
to restore normal craniofacial shape and growth. When both 
the coronal and sagittal sutures are involved and impairing 
brain growth, early surgery is indicated to help prevent neu-
rological and ophthalmological complications associated with 
increased intracranial pressure and inadequate orbital volume. 
A variety of neurosurgical techniques have been developed for 
the treatment of craniosynostosis. Primary techniques include 
is fronto-orbital advancement and/or calvarial vault remod-
eling at six to eight months. Newer endoscopic repair tech-
niques have been developed and are followed by postoperative 
orthotic molding.9,10 Such procedures are most effective if done 
relatively early in infancy in normal infants without a syndro-
mal type of craniosynostosis.

Prognosis: Following early surgery for isolated cranio-
synostosis, about 10–15 percent of patients require a second 
cranial vault operation for residual defects. Perioperative com-
plications are reported to be less than 5 percent, with almost 
90 percent of patients considered to have satisfactory cranio-
facial form. Among isolated craniosynostosis, unilateral coro-
nal synostosis is the most problematic type due to vertical 
orbital dystopia, nasal tip deviation, and altered craniofacial 
growth problems with residual craniofacial asymmetry. Repeat 
operations are more common in syndromal monogenic con-
ditions (58 percent) than in nonsyndromal craniosynostosis. 
Hydrocephalus occurs in 4–10 percent of patients with cranio-
synostosis and is more frequent with syndromal and multiple 
sutural craniosynostosis. When considering neurocognitive 
outcomes in craniosynostosis, it is important to exclude under-
lying chromosomal defects and primary brain malformations.

The average age of patients who undergo open surgery is 
six to seven months compared with three months for those 
who undergo endoscopic repair (with 76.5 percent requiring 

two helmets). Endoscopic repairs are associated with shorter 
hospital stays (mean 1.1 vs. 4.7 days), decreased need for blood 
transfusions (9.5 percent vs. 100 percent), and decreased oper-
ative time (81.1 vs. 165.8 minutes). The overall cost of endo-
scopic repairs, accounting for hospital charges, professional 
and helmet fees, and clinic visits, was also lower than open 
surgery ($37,255.99 versus $56,990.46).9

Following surgical reconstruction, subsequent develop-
ment of postsurgical synostosis of previously patent sutures 
has been described and noted to be most frequently associ-
ated with multisutural synostosis patients with syndromal 
diagnoses. Very rarely, postsurgical new sutural fusion has 
been identified in nonsyndromal patients who initially pres-
ent with isolated single-suture synostosis. Three (2.1 percent) 
of 145 patients undergoing open craniosynostosis surgery 
and 2 (1.7  percent) of 121 patients undergoing endoscopic 
surgery developed delayed fusion of an additional suture dur-
ing follow-up 15–16  months later.10 Thus a small number of 
patients may develop premature closure of a different suture 
necessitating long-term clinical follow-up and imaging when 
clinical suspicion indicates. There is preliminary evidence 
that surgical management with whole-vault cranioplasty per-
formed before six months of age provides the most favorable 
long-term intellectual outcomes in patients with isolated sagit-
tal synostosis.11
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5.2 klEEBlATTsCHÄDEl

(Cloverleaf Skull, Multiple Sutural Synostosis, Pansynostosis, Trilobular Skull with Craniosynostosis)

Definition: Synostosis of multiple sutures with protrusion of each of the cranial bones, broadening of the temporal region and 
face, and furrows along the suture lines, resulting in a trilobar appearance of the skull.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
Antley-Bixler without POR deficiency (FGFR2)
Apert (FGFR2)
Beare-Stevenson (FGFR2)
Boston craniosynostosis (MSX2)
Campomelia: Cumming type
Carpenter (RAB23)
Cohen (COH1)
Craniosynostosis (Boston type) (MSX2)
Crouzon (FGFR2)
Crouzon with acanthosis nigricans (FGFR3)
Micromelic dysplasia with clover leaf
Muenke (FGFR3)
Osteoglophonic dysplasia (FGFR1)
Pfeiffer Type 2 (FGFR2)
Saethre-Chotzen (TWIST1)
Shprintzen-Goldberg (SKI)
Thanatophoric dysplasia type 2 (FGFR3)
Amniotic rupture

Birth prevalence: 1/40,000 to 1/50,000

Associated anomalies: proptosis, down-slanting 
palpebral fissures, hypertelorism, low nasal bridge, 
high-arched palate, thickening of base of the occipital 
bone, downward displacement and anterior rotation 
of ears, midface hypoplasia, occipital encephalocele, 
hydrocephalus

Laboratory studies: radiographs, 3D-CT, MRI, gene 
sequencing, genomic microarray

Prenatal diagnosis: 3D ultrasonography reliable, MRI, 
gene sequencing

Cause: Mendelian (sporadic, AD, AR), rarely 
chromosomal

The craniofacial appearance that accompanies kleeblattschädel 
is unlikely to be confused with other deformations or malfor-
mations. Bulging of the cranial bones is accentuated by fur-
rows along the sutures, producing a lobated appearance to 
the cranium (Fig. 5.2.1). The eyes often protrude, which can 
lead to corneal ulceration, scarring, and subsequent blindness 
if the corneal surface remains unprotected. Hypertelorism, 
downslanting palpebral fissures, and low-set anteriorly rotated 
ears add to the distinctive craniofacial appearance. The pal-
ate is usually highly arched, but clefting is rare.1,2 Occipital 
encephaloceles can occur concurrently, and associated hydro-
cephalus is common.3

Multiple cases of kleeblattschädel have been recognized 
prenatally. Sonographic features include an enlarged trilobed 
skull, hydrocephalus, and polyhydramnios, and this is fre-
quently associated with Thanatophoric dysplasia (Fig. 5.2.2). 

The most common error in diagnosis is misinterpretation of 
this skull anomaly as encephalocele.4

The presence of kleeblattschädel indicates that multiple 
sutural fusions occurred during early prenatal life.5 Multiple 
sutural synostosis is variable in severity, with etiologic het-
erogeneity and different sutures involved in different patients. 
Synostosis usually involves coronal, lambdoid, and metopic 
sutures, with bulging of the cerebrum through the anterior 
fontanel and sagittal and/or squamosal sutures. Radiographs 
confirm the trilobular configuration of the skull with marked 
convolutional markings, thinning of the cranial bones, and a 
thickened, shortened cranial base.6 Increased thickening of the 
base of the occipital bone prevents lengthening of the skull, 
thus contributing to the atypical shape. The posterior cranial 
fossa is small with cerebellar tonsilar displacement, brainstem 
compression, and obstruction of CSF flow through the fourth 
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ventricle. The orbits are hypoplastic and malformed, with dis-
tortion of adjacent structures.

One child has also been described who had a cloverleaf 
skull without craniosynostosis, in which the primary defect 
was thought to be a cranial bone dysplasia that allowed for 
eventration of the brain and a resultant cloverleaf configura-
tion.6 Craniofacial dyssynostosis or bilateral lambdoid and 
sagittal synostosis (BLLS) is a unique autosomal recessive 
multisutural synostosis syndrome of unknown etiology.7 BLLS 
results in a characteristic head shape (frontal bossing, turri-
brachycephaly, biparietal narrowing, occipital concavity, and 
inferior displacement of the ears) that should be distinguished 
from kleeblattschädel.

Multiple sutural synostosis is much more likely to result 
from genetic mutations in fibroblast growth factor receptor 
genes, or rarely MSX2 or RAB23, all of which result in syn-
dromes that can present with cloverleaf skull.8 It is estimated 
that 40  percent of kleeblattschädel cases are associated with 
Thanatophoric dysplasia, and 20 percent are associated with 
Pfeiffer syndrome. Thanatophoric dysplasia type 2 is due to 
a Lys650Glu mutation in FGFR3, and Type 2 Pfeiffer syn-
drome is due to mutations in FGFR2. Crouzon syndrome 
and Apert syndrome, both due to mutations in FGFR2, can 
also result in cloverleaf skull.2 Other syndromes like Muenke 
syndrome, Boston craniosynostosis, and Crouzon syndrome 
with acanthosis nigricans can sometimes manifest cloverleaf 

skull. In Boston craniosynostosis, which results from a specific 
Pro148His mutation, the mutant MSX2 product has enhanced 
affinity for binding to its DNA target sequence, resulting in 
activated osteoblastic activity and aggressive cranial ossifi-
cation. In Crouzon syndrome with acanthosis nigricans, a 
specific FGFR3 mutation (Ala391Glu), leads to early onset 
of acanthosis nigricans during childhood, often with associ-
ated choanal atresia and hydrocephalus. Various genomic 
disturbances have also been reported with cloverleaf skull 
(e.g., 4p dup, 13q dup, 15q dup). In some reported cases, 
the cause of the syndromal multiple synostosis is not known 
(e.g., Say-Poznanski syndrome, Cohen syndrome, Loschge 
syndrome).

Treatment: Timing of surgical correction has been debated. 
Initially, early extensive calvariectomy was done around age 
three weeks with shunting to preserve brain function and 
development as well as to allow reformation of the cranio-
facial skeletal features; this seemed to be associated with an 
increased complication rate and poor neurologic prognosis.2 
More recently, early ventriculoperitoneal shunting has been 
done as a newborn, with frontoorbital advancement at three 
to six months followed by posterior vault advancement at 
12 months.1 Some surgeons have advocated the placement of 
osteogenic distractors for frontoorbital advancement.9 The use 
of postoperative orthotic molding can help to channel early 
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Fig. 5.2.1 A: Radiographic view of kleeblattschädel or cloverleaf skull configuration in a newborn infant. B: Neonate with kleeblattschädel prior to surgery.  
C: This child with cloverleaf skull configuration due to Crouzon syndrome with acanthosis nigricans caused by an Ala391Glu mutation in FGFR3 had associated 
hydrocephalus and choanal atresia and underwent staged craniofacial reconstruction, along with early shunting for hydrocephalus and postoperative orthotic 
therapy. At age five years, his facial features and cognitive skills were relatively normal.
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brain growth into a more normal form, leading to improved 
postoperative results over those obtained via surgery alone. 
When lambdoid synostosis occurs as part of a syndrome 
with multiple suture involvement there is often bilateral 

involvement, and timely staged surgical procedures allevi-
ate some associated increased intracranial pressure and have 
fewer complications, with acceptable neurological outcomes. 
Future midface procedures are usually necessary in patients 
with craniofacial dysostosis. Patients with kleeblattschädel 
need to be evaluated for hydrocephalus. Restricted growth of 
the posterior fossa is particularly common in severe craniofa-
cial dysostosis syndromes. The purpose of surgery should be 
to decompress the brain, expand the bony orbits to accommo-
date the globes, and open airway passages.10

Prognosis: Well over 150 cases have been described, and 
85  percent of children with kleeblattschädel will have other 
anomalies. The pattern of associated anomalies is often con-
sistent with a syndromal diagnosis. The prognosis is usually 
syndrome-dependent and can be poor, with early death due to 
respiratory difficulties in Thanatophoric dysplasia or progres-
sive brain damage from hydrocephalus.3
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Fig. 5.2.2 Infant with kleeblattschädel and thanatophoric dysplasia.
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5.3 WIDE CRANIAl suTuREs

(Sutural Diastasis)

Definition: Sutural width greater than 2 standard deviations (SD) above the mean sutural width for age.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
Cleidocranial dysplasia (RUNX2)
Craniolenticular dysplasia (SEC23A)
Cutis laxa, Autosomal Recessive Type IIB (PYCR1)
Ehlers-Danlos, type VIIC (ADAMTS2)
Fibrochondrogenesis (COL11A1, COL11A2)
Hajdju-Cheney (NOTCH2)
Infantile hypophosphatasia (ALPL)
Mandibuloacral dysplasia (LMNA)
Metaphyseal chondrodysplasia, Jansen type (PTHR1)
Osteogenesis imperfecta (COL1A1, COL1A2, IFITM5, 
LEPRE1, SERPINF1, SERPINH1, CRTAP, PPIB, WINT1, 
BMP1, TMEM38B, FKBP10, SP7)
Oto-palato-digital (FLNA)
Pycnodysostosis (CTSK)
Schinzel-Giedion (SETBP1)
Yunis-Varon (FIG4)
Zellweger (PEX1-6, 12)

Birth prevalence: unknown

Associated anomalies: increased intracranial pressure, 
hydrocephalus, pseudotumor cerebri, craniosynostosis, 
skull fracture

Laboratory studies: radiographs, MRI, 3D-CT, gene 
testing, genomic microarray

Prenatal diagnosis: 3D ultrasonography, MRI, gene 
sequencing

Cause: sporadic, Mendelian (AD, AR, XL), rarely 
chromosomal

Widening of the cranial sutures may be suspected by palpating 
a separation or a soft tissue fullness between the cranial plates 
and may be confirmed by radiographs. Criteria for determin-
ing suture width in infants up to 45 days old have been pub-
lished by Erasmie and Ringertz.1 Sutural separation caused by 
increased intracranial pressure must be distinguished from 
wide sutures due to delayed or defective cranial ossification. 
The skeletal dysplasias with defective cranial ossification can 
usually be suspected clinically or radiographically and con-
firmed with molecular technologies.2-5 Determining the cause 
of increased intracranial pressure generally requires MRI or 
other imaging studies.

Congenital widening of the cranial sutures should be dis-
tinguished from sutural diastasis, which is used to describe 
separation of previously closed sutures, as may be caused by 
hydrocephalus, pseudotumor cerebri, and diastatic fractures. 
Diastatic fractures are usually seen in infants and young children, 
since the sutures are not yet fused. The younger the child, the 
earlier sutural diastasis will appear after acutely increased intra-
cranial pressure. When a diastatic fracture occurs in an adult, it 
usually affects the lambdoid suture, which may not be fully fused.

Treatment: If the wide cranial sutures are due to defective 
or delayed ossification, no treatment is generally indicated as 

the ossification will improve and sutural width will decrease 
with age. In cases due to increased intracranial pressure, the 
cause must be identified and alleviated to avoid damage to 
the brain.

Prognosis: Wide cranial sutures in themselves cause no 
impairment, but the underlying cause may cause significant 
morbidity.
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5.4 ANOMAlIEs OF FONTANEls

Definition: A fontanel whose size is either 2 standard deviations (SD) or more below or 2 SD or more above the mean for age 
is termed small or large, respectively.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Acrocallosal syndrome (KIF7)
Antley-Bixler (POR)
Chondrodysplasia punctata (AGPS, ARSE, CDPX2, EBP, 
GNPAT, PEX7)
Cleidocranial dysostosis (RUNX2)
Coffin-Lowry (RPS6KA3)
Craniometadiaphyseal dysplasia (ANKH)
Cutis laxa, type II, autosomal recessive (ATP6V0A2)
De Barsy (ALDH18A1)
Ehlers Danlos Type VII (ADAMTS2)
Fibrochondrogenesis (COL11A1, COL11A2)
Hypophosphatasia (ALPL)
Kenny-Caffey (TBCE, FAM111A)
Lenz-Majewski (PTDSS1)
Melnick-Needles (FLNA)
Opsismodysplasia (INPPL1)
Osteogenesis imperfecta (COL1A1, COL1A2, IFITM5, 
LEPRE1, SERPINF1, SERPINH1, CRTAP, PPIB, WINT1, 
BMP1, TMEM38B, FKBP10, SP7)
Oto-palato-digital (FLNA)
Parietal foramina (cranium bifidum) (MSX2, ALX4)
Progeria (LMNA)
Pycnodysostosis (CTSK)
Rickets (PHEX, FGF23, VDR)
Robinow (ROR2)
Schinzel-Giedion (SETBP1)
Yunis-Varon (FIG4)
Zellweger (PEX1-6, 12)
Prenatal ACE inhibitor, aminopterin, methotrexate, 
fluconazole, hydantoin, primidone exposures

Birth prevalence: 1/20

Associated anomalies: other skeletal

Laboratory studies: thyroid-stimulating hormone, 
parathyroid hormone, serum calcium/ionized calcium, 
alkaline phosphatase, phosphorus, plain radiographs

Prenatal diagnosis: N/A

Cause: sporadic, hormonal, Mendelian (AD, AR, XL), 
rarely chromosomal

TIME OF ClOsuRE

The fontanel can enlarge in the first few months of life. By 
three months of age, the anterior fontanel is closed in one per-
cent of infants; by 12 months, it is closed in 38 percent; and by 
24 months, it is closed in 96 percent.1 The posterior fontanel gen-
erally closes one to three months after birth, the sphenoidal fon-
tanel is the next to close around six months after birth, and the 
mastoid fontanel closes next from six to 18 months after birth.2

EXTRA FONTANEls

Extra fontanels are inconsistently occurring bony defects situ-
ated along the suture lines or at the junction of major bone 

plates of the skull. One such extra fontanel occurs along the 
sagittal suture about 2 cm anterior to the posterior fontanel. 
This fontanel is called the obeliac, interparietal, sagittal, third, 
as well as the fontanel of Gerdy. Being midline, it is distinct 
from the parietal foramina, but parietal foramina may evolve 
in the lateral extremes of a large sagittal fontanel. Glabellar, 
metopic, or cerebellar fontanels also exist.3

DIAGNOsIs

The anterior fontanel is the largest of the fontanels and is 
diamond-shaped (Fig. 5.4.1). The average size of the ante-
rior fontanel is 2.1 cm, and it normally closes by 18 months 
(median time of closure 13.8 months).1 The posterior fontanel 
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is triangular in shape and it is usually closed at birth. Fontanel 
size may be measured in several different ways (Fig. 5.4.2). 
Measurement of the anterior fontanel may be expressed as 
width (measurement along the coronal suture), length (mea-
surement along the sagittal suture), area (width × length), or 

diagonal diameter. Standard curves are available for measure-
ments taken by each method.4 The posterior fontanel is usu-
ally measured only in length (measurement along the sagittal 
suture) but may also be measured along the lambdoid suture 
(width) and the area calculated (length × width).

Depending on the cause, a small or absent anterior fon-
tanel may be noted at birth by palpation and confirmed 
by measurement and comparison with normal values for 
length and width.4 A small or absent anterior fontanel usu-
ally indicates some type of underlying pathology, with the 
most common etiologies including any cause of congenital 
microcephaly, craniosynostosis (particularly involving the 
metopic suture), or accelerated bone maturation such as 
occurs in hyperthyroidism. A  triangular anterior fontanel 
can occur with unilateral coronal craniosynostosis. Large 
fontanels may be noted at birth by palpation and confirmed 
by measurement. Causes of both large fontanels and delayed 
closure include increased intracranial pressure or delayed 
ossification of the cranium.5 Cleidocranial dysplasia is a 
common genetic syndrome that results in delayed closure of 

Fig. 5.4.1 Schematic showing location of cranial sutures and fontanels.

Fig. 5.4.2 Left: mean anterior fontanel measurement (length plus width divided by two) during the 1st year. The posterior fontanel was fingertip size or smaller in 
95% of neonates, based on 201 full-term Caucasian infants from Seattle,WA, and adapted from Popich and Smith.5 Right: percentiles for anterior fontanel size 
from term to age 24 months for both sexes by measurement of oblique diameter, based on data from Duc and Largo.9

Below: age at closure of anterior fontanel (cumulative percentage). Based on data from Zurich, Switzerland (111 term neonates and 131 preterm neonates 
collected from 1974 to 1978).9
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the anterior fontanel (Fig. 5.4.3). Occasionally, the anterior 
fontanel will ossify into a bony plate, which may be slightly 
elevated in relation to the rest of the cranium. This may 
relate to decreased growth stretch tensile forces across the 
anterior fontanel, and this is sometimes seen with multiple 
sutural synostosis; however, it can also occur in otherwise 
normal infants, in which case it is considered a normal vari-
ant.6 Instead of the usual flat, uncalcified, diamond-shaped 
anterior fontanel, there is a slightly raised diamond-shaped 
plate of bone in its place. The shape of the anterior fontanel 
bone often remains visible on skull radiographs throughout 

childhood and into adulthood, with a characteristic appear-
ance on Towne projection.

The appearance of the fusing anterior fontanel bone can be 
confused with a depressed skull fracture in the lateral projec-
tion.7 Occasionally, children thought to have a small or absent 
anterior fontanel will have an anterior intra-fontanel bone, 
which is of no significance.

The sagittal fontanel is caused by a lack of union at the 
medial edge of junction of the two parietal ossification centers. 
This union normally occurs by the seventh month of gesta-
tion but may occur two to three months after birth.8 Anterior 

Fig. 5.4.3 Cleidocranial dysplasia in an 8-year-old male. Skull radiograph shows a large anterior fontanel and chest radiograph shows absent clavicles. (Courtesy of 
Dr. Charles I. Scott, Jr., A.I. duPont Institute and Children’s Hospital, Wilmington, DE.)
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fontanel closure usually occurs by 24 months (Fig. 5.4.2).1 Early 
or late closure is therefore reasonably common, but care must 
be taken to rule out underlying pathology. In normal infants 
there is no sex difference in the size and age of closure of the 
anterior fontanel, nor is there any correlation with gestational 
age at delivery, head circumference, or bone age. The size of the 
fontanel at birth does not predict time of closure.9 A sagittal 
fontanel is found in 6.3 percent of all newborns. In one study 
of those with a diameter of greater than 13 mm, 5 percent had 
major anomalies and 35 percent had minor anomalies. In those 
with a diameter less than 13  mm, two of 45 infants studied 
had Down syndrome, and one had a major anomaly. The latter 
group accounted for two-thirds of all children with this third 
fontanel.8 Although it is unknown whether there is ethnic vari-
ability in the prevalence of sagittal fontanels, the majority of 
individuals with this feature are male.9 Individuals with Down 
syndrome commonly have large fontanels that close late, along 
with a sagittal fontanel and persistence of the metopic suture.9 
Diagnosis of an extra fontanel is made by palpation or radiog-
raphy. It is often an isolated finding, but may be sometimes be 
associated with rare syndromes.

Treatment: The treatment depends on the underlying 
condition.

Prognosis: In all cases, prognosis is unrelated to the anoma-
lies of the fontanels and is dependent on the underlying cause. 
If the anomaly is isolated, there is no ill effect.
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5.5 PARIETAl FORAMINA

(Includes Cranium Bifidum)

Definition: Small defects in the superoposterior angles of the parietal bones through which emissary veins pass 
through the calvaria.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, RBPJ, DOCK6, EOGT)
CDAGS
Cleidocranial dysplasia (RUNX2)
Frontonasal dysplasia 1 (ALX3, FND1)
Frontonasal dysplasia 2 (ALX4, PFM2, FFP, 
FND2, CRS5)
Frontofacionasal dysplasia
Parietal foramina-1 (MSX1)
Parietal foramina-2 (ALX4)
Parietal foramina-3 (PFM3)
Potocki-Shaffer (del 11p11.2)
Ritscher-Schinzel (KIAA0196)
Rubinstein-Taybi (CREBBP)
Saethre-Chotzen (TWIST1)

Birth prevalence: 1/15,000–1/50,000

Associated anomalies: other skeletal

Laboratory studies: radiographs, 3D CT

Prenatal diagnosis: ultrasonography at 18-20 weeks, MRI 
can detect enlarged parietal foramina

Cause: sporadic, Mendelian (AD, AR,XL), rarely 
chromosomal

Parietal foramina usually present as symmetrical oval defects 
situated on each side of the sagittal suture, which are sepa-
rated from each other by a narrow bridge of bone, and their 
size diminishes with age. They are covered with scalp tissue 
and hair and are detected through palpation and radiogra-
phy. Occasionally, brain covered by dura and intact scalp can 
bulge through extensive lesions, suggesting the possibility 
of an encephalocele, but the location of these lesions off the 

midline differentiates them from neural tube closure defects. 
Sometimes the entire sagittal suture remains widely pat-
ent from the frontal to the parietal bones, and this is termed 
cranium bifidum, with this defect subsequently ossifying to 
resemble parietal foramina during mid-childhood or adult-
hood (Fig. 5.5.1).5

Parietal foramina usually are small, with 60  percent 
less than 1  mm; such small defects can only be detected 
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radiographically. However, 10 percent are 5 mm or more, and 
they can be as large as 50 mm in diameter. Reported individuals 
have had defects as large as 57 mm in diameter, with seizures 
apparently secondary to venous obstruction and meningocer-
ebral adhesions at the margins of the defect.3

Parietal foramina represent defects of calvarial ossification, 
and they usually manifest autosomal dominant inheritance 
with variable expression. As ossification of the parietal bones 
normally progresses, and sagittal fontanels form within the 
posterior parietal bones. These fontanels normally close by the 
seventh fetal month; however, closure may be delayed and not 
occur until later in life. Parietal foramina may result if midsag-
ittal bridging occurs, and ossification lateral to the bony bridg-
ing remains incomplete. Thus, parietal foramina evolve from 
the sagittal fontanel but are distinct lesions in that the sagittal 
fontanel is a single midline defect, whereas parietal foramina 
are usually paired defects just off the midline.4 Small parietal 
foramina are found in 60–70  percent of all adults, whereas 
large parietal foramina are present in less than one percent 
of adults.2,5,6 Small unilateral defects are more common than 
bilateral defects. When the defect is unilateral it more often 
involves the right side, and males are more commonly affected 
than females, with a ratio of 5:3.2

Goldsmith initially called this condition Catlin marks after 
observing the condition in 16 members of a five-generation 
family named Catlin.1 This genetic condition can present as 
cranium bifidum in early life, developing into parietal foram-
ina by later childhood. Cranium bifidum means literally “cleft 
skull,” and it presents as a wide opening between the frontal 
and parietal bones, which normally begin their process of 
intramembranous ossification in the center of each bone and 
then spread toward the sutures. During mid-childhood these 
areas ossify, leaving only symmetric openings in the frontal and 
parietal bones. One reported family included individuals with 
both cranium bifidum and parietal foramina, confirming that 
cranium bifidum in infancy and early childhood can evolve 
into large parietal foramina in later childhood and adulthood.6 
Wilde et al. described heterozygous MSX2 mutations in three 
unrelated families with enlarged parietal foramina, suggesting 

that loss of MSX2 activity results in calvarial defects.7 Mutations 
or deletions of ALX4 on 11p11.2 can also result in parietal 
foramina.8 Parietal foramina can occur as an isolated trait 
due to mutations in, or haploinsufficiency of, MSX2, ALX4 or 
PFM3, or as a component of a multiple congenital anomaly 
syndrome such as Saethre-Chotzen syndrome, Cleidocranial 
dysplasia, or Rubinstein-Taybi syndrome. The combination of 
parietal foramina with multiple exostoses is now known to be a 
contiguous gene deletion of ALX4 and EXT2 on chromosome 
11p11-p12 (Potocki–Shaffer syndrome). CDAGS syndrome is 
an autosomal recessive syndrome characterized by craniosyn-
ostosis, large open fontanelles, hearing loss, anal anomalies, 
genitourinary malformations and porokeratosis. As of today, 
only five families have been reported and no molecular defect 
has been identified.9

Treatment: Education of caregivers is advised to reduce anx-
iety related to risk of penetrating injury to unprotected cere-
brum. Surgery is usually unnecessary, since the lesions tend 
to ossify on their own, but occasionally a protective helmet 
is used for extensive defects. Persistent cranium bifidum may 
warrant operative closure via cranioplasty with autologous 
calvarial bone grafts or mesh plating systems with hydroxy-
apatite or methylmethacrylate. Imaging to assess for accom-
panying venous anomalies is imperative prior to any surgical 
intervention.10 Care must be exercised during delivery to 
avoid trauma to the brain underlying such extensive parietal 
foraminal defects. Location and intact scalp tissue help to dif-
ferentiate parietal foramina from encephaloceles. This lesion 
must also be differentiated from scalp vertex aplasia (Entry 
5.8), which is also inherited in an autosomal dominant fash-
ion when it is an isolated trait. There is usually denuded scalp 
over such lesions, which can include both scalp and calvaria, 
but their location in the midline near the hair whorl sets these 
lesions apart from parietal foramina. Finally, vertex cranio-
tabes can present as an extensive area of incomplete calvarial 
ossification over the vertex in the midline, but the edges are 
not sharp and demarcated like parietal foramina, and vertex 
craniotabes ossifies quite rapidly within the first few months 
after birth.

Prognosis: Prognosis is very good if the anomaly is isolated. 
Parietal foramina typically ossify without treatment and with 
complete resolution.
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5.6 WORMIAN BONEs

(Supernumerary Cranial Bones, Accessory/Intrasutural Bones, Pterion Ossicle, Inca Bone, Os Incae)

Definition: Islands of bones within or adjacent to the sutures that are separated from the usual centers of ossification of the 
cranium.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Acrogeria
Cleidocranial dysplasia (RUNX2)
Grant
Hajdu-Cheney (NOTCH2)
Hallermann-Streiff
Hypophosphatasia (ALPL)
Hypothyroidism
Infantile multisystem inflammatory disease 
(CINCA, CIAS1)
Mandibular dysplasia
Menkes (ATP7A)
Osteogenesis imperfecta, almost all types (COL1A1, 
COL1A2, IFITM5, LEPRE1, SERPINF1, SERPINH1, 
CRTAP, PPIB, WINT1, BMP1, TMEM38B, FKBP10, SP7)
Oto-palato-digital (FLNA)
Progeria (LMNA)
Pyknodysostosis (CTSK)
Rickets (PHEX, FGF23, VDR)
Roberts-SC phocomelia (ESCO2)
Schinzel-Gideon (SETBP1)
Trisomy 21
Prenatal aminopterin exposure

Birth prevalence: small and few are common 1/6; large 
>6mm by 4mm and >10 in number are rare.

Associated anomalies: associated with syndromes that 
have brain malformation, hydrocephalus, hypotonia as 
well as conditions with decreased skull ossification.

Laboratory studies: radiographs

Prenatal diagnosis: N/A

Cause: sporadic, Mendelian (AD, AR), chromosomal

Wormian bones were named after Dr. Olaus Worm, who ini-
tially described them in a letter to Dr. Thomas Bartholino as 
accessory bones that occur within cranial suture lines or fonta-
nels.1 They can occur singly or in large numbers and are diag-
nosed radiographically (Figs. 5.6.1, 5.6.2,). Although they can 
occur within any suture, they are found most commonly in the 
lambdoid suture and rarely in coronal or sagittal sutures. To be 
considered pathologically significant they must number more 
than 10, be larger than 6 mm ×4 mm, and be arranged in a 
general mosaic-type pattern.2 Although they do not cause any 
impairment, their presence calls for careful evaluation for evi-
dence of a generalized skeletal dysplasia or intracranial defects. 
In one study, the majority of children with an “excessive” num-
ber of Wormian bones had some abnormality of the central 

nervous system.3 These abnormalities ranged from gross mal-
formations to minimal brain dysfunction, though this study 
may have been biased since it arose from a hospital-based pop-
ulation. Nevertheless, some individuals with many Wormian 
bones may have intracranial anomalies and/or central nervous 
system dysfunction. The pathogenesis of Wormian bones is 
thought to be related to intracranial strain along with open 
sutures causing ossification defects.4 Wormian bones may per-
sist and not become completely incorporated into the adjacent 
bone during mineralization and maturation.5,6

Although the prevalence of Wormian bones in the general 
population is 17 percent, the prevalence varies with age. Males 
are more often affected than females, and differences between 
ethnic groups have been noted. Wormian bones are commonly 



Fig. 5.6.1 Wormian bones. Deficient cranial ossification with multiple bone islands (Wormian bones) in a 6-year-old male with cleidocranial dysplasia. (Courtesy of 
Dr. Rodney I. Macpherson, Medical University of South Carolina, Charleston, SC.)

Fig. 5.6.2 Wormian Bones. Left: 3D-CT of child with cleidocranial dysplasia (note wide fontanel and Wormian bones in suture line). Right: mature skull showing 
multiple Wormian bones in lambdoid suture.
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seen in osteogenesis imperfecta and other disorders with 
defective cranial bone mineralization (Fig. 5.6.3).7–9 The more 
severe the defective mineralization the more numerous the 
Wormian bones, and affected infants can also become quite 
brachycephalic as a consequence of postnatal supine posi-
tioning with soft cranial bones.10 The increased frequency of 
Wormian bones in Chinese infants might relate to traditional 
supine sleep positioning practices in this population and their 
resultant brachycephaly.

Treatment: Although no treatment of Wormian bones is 
necessary, various therapies for the underlying hypotonia, 
metabolic disorder, or skeletal dysplasia may be indicated.

Prognosis: Wormian bones possibly contribute to defor-
mations of the skull but otherwise cause no impairment. The 
syndromes with Wormian bones have variable prognoses, 
ranging from early death (e.g., Osteogenesis imperfecta type 
2) to long-term disability (e.g., Down syndrome) to minimal 
impact (e.g., treated hypothyroidism).
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5.7 CRANIAl DERMAl sINus

Katie B. Clarkson

Definition: A midline depression or tract lined by stratified squamous epithelium that extends from the skin of the face or 
scalp toward the brain or meninges.

ICD9/ICD10: 685.1/Q75.9 Syndrome Associations (Appendix)
Frontonasal dysplasia (ALX3)
Hemifacial microsomia
Klippel-Feil (GDF6, MEOX1, GDF3)
Orofaciodigital 1 (OFD1)
VACTERL

Birth prevalence: 1/2500

Associated anomalies: cranial vault defects, 
hydrocephalus, corpus callosum abnormalities, 
preauricular skin tags, hemifacial microsomia, cardiac 
defects

Laboratory studies: CT, MRI

Prenatal diagnosis: ultrasonography variable, no 
biochemical markers

Cause: sporadic, occasionally Mendelian (AD, AR), 
chromosomal

Cranial dermal sinuses are most often found in the occipi-
tal region along the midline, but paramedian locations have 
been described. This lesion typically presents as a swelling that 
represents cystic expansion of the sinus tract and/or infection 
beneath the skin surface. There may be abnormal distribution 
of hair along the defect. Bony defects are present in 80 percent 
of cases.1 MRI and/or CT is the best diagnostic method.

In the face, the most frequent location of the dermal sinus 
is the nose.2,3 Nasal dermal sinuses may be complicated by der-
moid cysts that develop in conjunction with the sinus. This 
lesion usually presents as a nasal pit or swelling arising any-
where from the nasal root to the base of the columella.4 If a hair 
protrudes from the nasal pit, a dermoid is always present. Nasal 
dermal sinuses have intracranial extension in up to 45 percent 
of cases and may be associated with other anomalies. One 
study reported associated anomalies in 41 percent of patients 
with a nasal dermoid sinus or cyst.3 Several patients had no 
recognizable syndrome, but hydrocephalus, partial absence 
of the corpus callosum, developmental delay, and minor dys-
morphic features were present. Nasal dermoid sinuses usu-
ally arise sporadically; however, familial occurrence has been 
documented. Prenatal diagnosis has been accomplished using 
ultrasonography and MRI.5

Cranial dermal sinuses are thought to be the result of faulty 
separation of neuroectoderm from cutaneous ectoderm dur-
ing early gestation. Although rare, familial recurrence has been 

documented.6 The sinus tracts are a portal of entry for pathogens 
which result in serious complications of meningitis or abscess.

Treatment: The tract and any associated dermoid tumor or 
cyst should be surgically excised. In a 2012 series of 18 patients, 
67% of children presented with serious symptoms, therefore 
prophylactic surgery in all cranial dermal sinuses is indicated.7

Prognosis: Patients with completely resected tracts prior 
to complications have a good prognosis. If not completely 
resected, recurrence and reoperation is necessary.8
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5.8 sCAlP VERTEX APlAsIA AND ATRETIC ENCEPHAlOCElEs

(Aplasia Cutis Congenita)

Definition: Localized absence of skin, usually occurring on the scalp as an isolated finding not associated with other 
abnormalities.

ICD9/ICD10: 757.8/Q84.8 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, RBPJ, DOCK6, EOGT)
Aplasia cutis congenita (BMS1)
Aplasia cutis congenita, reticulolinear, with 
microcephaly, facial dysmorphism and other congenital 
anomalies (COX7B)
Epidermolysis bullosa (COL7A1, LAMC2, LAMB3, 
LAMA3, ITC84)
Johanson-Blizzard (UBR1)
Microphthalmia 7 (HCCS)
Scalp-ear-nipple (KCTD1)
Trisomy 13
Wolf-Hirschhorn (4p-)
Prenatal methimazole exposure

Birth prevalence: 1/3,000–1/12,000 live births; 1/200 
twin pregnancies

Associated anomalies: epidermal nevus or nevus 
sebaceous, occult spinal dysraphism, small encephaloceles 
or multiple congenital anomalies

Laboratory studies: antiphospholipid antibody, gene 
testing

Prenatal diagnosis: prenatal detection and diagnosis has 
been described as a cystic lesion which regressed to dense 
tissue mass.

Cause: sporadic, chromosomal, occasionally Mendelian 
(AD, AR), environmental

Scalp vertex aplasia begins as multiple or solitary sharply mar-
ginated raw areas with absence of skin that mature into atro-
phic scars devoid of adnexal structures, usually in the scalp 
vertex area or midline superior occipital region (Fig. 5.8.1).1 
The cause of these lesions is heterogeneous and includes vas-
cular disruption, trauma, teratogens, and genetic factors.2 
Because vascular disruption and placental infarcts are seen in 
antiphospholipid antibody syndrome, some cases of extensive 
scalp vertex aplasia may be related to the effects of this mater-
nal disease state or some other type of thrombophilia during 
pregnancy.3 A classification system of subtypes for aplasia cutis 
congenita (ACC) has been suggested by Frieden.4

Lesions may be ulcerated, bullous, cicatricial, or covered 
with a tough, translucent membrane, and they occasionally 
extend to the bone or dura.1 They may be circular, elongated, 
stellate, or triangular in shape and of variable depth, with 
86 percent of the solitary lesions occurring on the scalp, most 
often near the parietal hair whorl.5 Type 1 ACC manifests scalp 
involvement without other abnormalities, and, when familial, 
it manifests autosomal dominant inheritance. Less frequently, 
other parts of the body may be involved, with or without asso-
ciated defects. When the lesions are midline and overlying the 
spine or midcranium, they can be associated with occult spi-
nal dysraphism or tiny encephaloceles (ACC type 4). When 
there are multiple areas of ACC involving primarily the lower 
limbs, particularly the flank, thighs, and knees, a careful exam-
ination of the placenta may reveal a fetus papyraceus, which 
occurs in one in 12,000 live births and affects one in 200 twin 
pregnancies.6-8

Larger defects can be complicated by hemorrhage, venous 
thrombosis, and rarely meningitis. With extensive ACC and 
other vasculodisruptive defects, survival during the neonatal 

period can be severely compromised.9 ACC can be associated 
with teratogenic or genetic disorders, and it is important to 
search for associated malformations in order to counsel par-
ents concerning prognosis and recurrence risks in relation to 
the underlying disorder. ACC has been associated with numer-
ous cytogenetic and genetic malformation syndromes such as 
ACC type 9.2

ACC associated with epidermal nevus or nevus sebaceous 
syndrome (or ACC type 3)  is the association of a sebaceous 
nevus (a linear yellow verrucous nevus) on the head and neck 
with variable ocular, cerebral, neurologic, skeletal, cardiac, and 
other abnormalities, usually on a sporadic basis and sometimes 
associated with mosaic, post-zygotic activating mutations in 
either HRAS or KRAS.8 Epidermolysis bullosa (EB) can be 
associated with pyloric atresia and/or ACC and manifest auto-
somal recessive inheritance, and histopathology is usually of 
the junctional type, suggesting that when ACC occurs with EB, 
it is most likely to be autosomal recessive.

Treatment: Wound treatment in cases of superficial ulcer-
ation is conservative with antibacterial dressings, but extensive 
or deep lesions may require reconstruction of the scalp. Small 
hairless areas can be excised and covered with a neighboring 
flap from the scalp. This approach works for the most common 
scalp ACC lesions, which are frequently round, punched-out 
lesions in the vertex region or less frequently triangular lesions 
in the temporal region (termed temporal triangular alopecia). 
With extensive scalp lesions (over 6 cm in diameter), it is espe-
cially important to avoid eschar formation immediately after 
birth by covering exposed dura with split-thickness skin grafts 
from adjacent healthy scalp and moist dressings. Prompt clo-
sure is important because of the high risk of fatal hemorrhage 
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from the sagittal sinus when the eschar becomes dry and sepa-
rated, causing the underlying dura to become damaged and 
tear. Once the superficial defect is completely healed, the sub-
sequent scar and alopecia can be treated by tissue-expanded 
local flaps, pericranial flaps, or free vascularized flaps when the 
child is older.9

Prognosis: With prompt closure and a healthy underly-
ing dura, cranial bone growth will occur after prompt early 
wound closure, and the risk of fatal hemorrhage or meningitis 
is greatly lessened.10
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Fig. 5.8.1 Examples of scalp vertex cutis aplasia in an otherwise normal infant (A) and in an infant with trisomy 13 (B).
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5.9 THIN CRANIAl BONEs

(Craniolacunia, Lückenschädel, Lacunar Skull)

Definition: Cranial bones that appear thinner than average and have little or no diploe.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Achondrogenesis (COL2A1)
Cleidocranial dysplasia (CBFA1)
Craniometadiaphyseal dysplasia
Ehlers-Danlos (COL5A1, COL5A2)
Greenberg skeletal dysplasia (LBR)
Hypophosphatasia (ALPL)
Klippel-Feil (GDF6, MEOX1, GDF3)
Melnick-Needles (FLNA)
Metaphyseal chondrodysplasia, Murk Jansen type 
(PTHR1)
Osteogenesis imperfecta (COL1A1, COL1A2, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)
Oto-palato-digital type II (FLNA)
Restrictive dermopathy, lethal (LMNA, ZMPSTE24)
Ritscher-Schinzel (KIAA0196)
Prenatal aminopterin exposure

Birth prevalence: varied

Associated anomalies: spina bifida hydrocephalus, 
Arnold-Chiari malformation, meningomyelocele, 
Klippel-Feil sequence, porencephaly, subdural hygroma, 
arachnoid cyst, and some tumors

Laboratory studies: radiographs, 3D-CT, MRI, gene 
sequencing, genomic microarray

Prenatal diagnosis: concern arises primarily because of 
ultrasound detection of associated anomalies.

Cause: sporadic, chromosomal, Mendelian (AD, AR, XL)

The diagnosis of thin cranial bones is made radiographically 
and is usually subjective.1 Radiolucency is often noted (Fig. 
5.9.1). Thin calvarial bones can be secondary to craniosyn-
ostosis (particularly adjacent to the ridging in sagittal syn-
ostosis) and hydrocephalus, or it can occur as part of several 
syndromes in which undermineralization is a feature.2 Areas 
of radiolucency are called craniolacunae lückenschädel and 
are often secondary to spinal dysraphism (Fig. 5.9.2). These 
generally disappear by age 1  year.3 Regionally thinned areas 
can also occur in association with porencephaly, subdural 
hygroma, arachnoid cyst, and some tumors.2 Generalized 
thinning of cranial bones also results from increased dural dis-
tension, when expansion of the brain outpaces the growth of 
the skull. In other instances, such as Osteogenesis imperfecta, 
undermineralization is the cause.3,4 As with thickened cranial 
bones, it is unknown whether thin cranial bones can occur as 
an isolated trait.

Craniolacunae probably represent defective membranous 
bone formation, particularly along the inner periosteum of 
the vault.5 It is also thought to be a result of compression and 
decompression of the fetal skull.6 Craniolacunae may occur as 
isolated traits and also with associated anomalies such as cra-
niosynostosis, hydrocephalus, Arnold-Chiari malformation, 
Klippel-Feil sequence.7,8

Treatment: This finding is self-limiting and treatment is 
dependent on the underlying cause of this condition.

Prognosis: Prognosis is dependent on the underlying cause 
of this condition. Lacunar skull defects themselves have no 
direct effects on the infant and they typically resolve after six 
months of age.
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Fig. 5.9.2 Lückenschädel in an infant with congenital hydrocephalus treated with ventriculoperitoneal shunting due to a meningomyelocele. Note lacunar skull 
patterning due to rapid brain expansion. (Courtesy of Dr. Rodney I. Macpherson, Medical University of South Carolina, Charleston, SC.) See also Fig. 5-6.
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Fig. 5.9.1 Thin cranial bones in infants with kleeblattschädel due to multiple suture synostosis (A and B) and early amnion rupture (C and D). Cranial bones in B are 
uniformly thin, while the cranium in D has irregular areas of localized thinning.
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5.10 uNDERMINERAlIZATION OF THE skull

Definition: Increased radiolucency of the cranial bones that is attributable to decreased calcium deposition.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Cleidocranial dysplasia (RUNX2)
Hypophosphatasia (ALPL)
Osteogenesis imperfecta (multiple types) (COL1A1, 
COL1A2, IFITM5, LEPRE1, SERPINF1, SERPINH1, 
CRTAP, PPIB, WINT1, BMP1, TMEM38B, FKBP10, SP7)
Rickets (PHEX, FGF23, VDR)
Schinzel-Giedion (SETBP1)

Birth prevalence: varied

Associated anomalies: infantile hypophosphatasia, 
deformation or fracture of the long bones.

Laboratory studies: serum alkaline phosphatase, 
phosphorus, calcium/ionized calcium, fluoride

Prenatal diagnosis: ultrasonography

Cause: sporadic, occasionally Mendelian (AD, AR)

A

C

B

Fig. 5.10.1 A and B: Undermineralization of calvarium in newborn infant with lethal osteogenesis imperfecta (Type II). C: Extensive brachycephalization in an infant 
with severe osteogenesis (Type III) due to severe undermineralization.
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Although undermineralization of the skull is distinct from 
thin cranial bones, the two traits are often found together. 
Congenital undermineralization occurs in a number of 
syndromes, particularly Osteogenesis imperfecta and 
Hypophosphatasia (Fig. 5.10.1).1-6 Hypophosphatasia occurs 
in at least three forms, including infantile, childhood, and 
adult forms. Undermineralization is most pronounced in the 
infantile form and least evident in the adult form. The infantile 
form can usually be diagnosed by fetal ultrasound, whereas the 
other forms are often diagnosed after birth by radiographs and 
measurement of serum alkaline phosphatase levels. Fluorosis 
and vitamin D-dependent rickets can also produce postnatal 
undermineralization of the skull, but areas of sclerosis are also 
present in fluorosis.6-8 The incidence of undermineralization is 
low, and prognosis is dependent on cause, varying widely from 
stillbirth or death during infancy, to little effect.

Treatment: Treatment is dependent on the underlying cause 
of this condition.

Prognosis: Prognosis is dependent on the underlying cause 
of this condition.
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5.11 CRANIOTABEs

Definition: A reduction in mineralization of the skull, with abnormal softness of the bone, usually affecting the 
occipital and parietal bones along the lambdoidal sutures.

ICD9/ICD10: 756.0/P96.3 Syndrome Associations (Appendix)
Occipital horn (ATP7A)
Osteogenesis imperfecta (COL1A1, COL1A2, IFITM5, 
LEPRE1, SERPINF1, SERPINH1, CRTAP, PPIB, WINT1, 
BMP1, TMEM38B, FKBP10, SP7)
Rickets (PHEX, FGF23, VDR)

Birth prevalence: 1/3–1/10

Associated anomalies: rickets (vitamin D deficiency), 
hypervitaminosis A, hydrocephalus, syphilis.

Laboratory studies: serum alkaline phosphatase, calcium/
ionized calcium, phosphorus, parathormone

Prenatal diagnosis: none

Cause: rate of brain growth exceeding the rate of 
calcification of the skull during the last month of gestation

Prolonged forceful pressure on the fetal vertex may result in 
diminished cranial mineralization, affecting the superior por-
tions of the parietal bones. Such craniotabes is more likely 
to occur in first-born infants, especially with early fetal head 
descent into a vertex presentation for a prolonged period of 
time. The prevalence varies but has been reported to be as 
high as 30 percent. Mild degrees of craniotabes occur in about 
2 percent of newborn babies, and more extensive degrees of 
craniotabes are less common.1,2 Craniotabes was first described 
in congenital syphilis, and it can also be seen with rickets due 
to vitamin D deficiency.3-7 Rickets should be considered in any 
infant with a nonvertex presentation whose mother might be 
at risk for nutritional deficiency, and such infants usually man-
ifest generalized craniotabes with osteomalacia.

With compression-related craniotabes, the superior pari-
etooccipital region tends to be soft to palpation and often 
indents upon finger compression. In extreme cases, the entire 

top of the head can be involved (Fig. 5.11.1). The presence 
of a firm bony calvaria along the sides of the head and in 
the mastoid regions readily differentiates this benign form 
of craniotabes from more generalized problems of decreased 
mineralization, such as Hypophosphatasia, Osteogenesis 
imperfecta, or infantile rickets. Within the affected region of 
the calvaria, the sutures and fontanels may also feel wider 
than usual. Accentuated vertex molding can be an associated 
feature in a fetus with prolonged vertex engagement. Benign 
vertex craniotabes has not been reported in babies born 
from a breech presentation, and radiolucency of the parietal 
bones in the vertex of the skull is considered to be a normal 
anatomic variant on neonatal head computed tomography 
scans.8

Vitamin D-deficient rickets generally is accompanied by 
metaphyseal changes at the wrist and low 25-hydroxyvitamin 
D concentrations (less than 12 ng/mL), with a variably 
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elevated alkaline phosphatase level. As in other defects of 
skeletal mineralization, such as Osteogenesis imperfecta 
and Hypophosphatasia, initial care must be taken to 
avoid fractures.3,9 Infants with Osteogenesis imperfecta or 
Hypophosphatasia usually show generalized osteomalacia, 
brittle bones, and Wormian bones.

Treatment: Compression-related craniotabes is a physiologic 
condition with no need for treatment. If the mother has vitamin 
D-deficient rickets and there is more generalized craniotabes 
and osteomalacia, this condition usually manifests a prompt 
response to vitamin D therapy over the next few months.

Prognosis: With compression-related craniotabes the prog-
nosis is excellent, and the calvaria usually mineralizes in a nor-
mal fashion within two to three months after birth.10
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Fig. 5.11.1 Radiographs of newborn infant with early head descent and engagement, resulting in extensive vertex molding with craniotabes over the conical 
deformation.
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5.12 THICk CRANIAl BONEs

Definition: Increased thickness of cranial bones as detected on radiographic examination with or without 
increased cranial density.

ICD9/ICD10: 733.3/M85.2 Syndrome Associations (Appendix)
Acrodysostosis (PRKAR1A, PDE4D)
Acromegaly (GNASI)
Aspartylglycosaminuria (AGA)
Camurati-Engelmann (TGFB1)
Dyggve-Melchior-Clausen disease (DYM)
Cockayne (ERCC8)
Coffin-Lowry (RSK2)
Craniodiaphyseal dysplasia (SOST) Craniometaphyseal 
dysplasia (ANKH)
Endosteal hyperostosis (LRP5)
Fucosidosis (FUCA1)
Homocystinuria (CBS)
Hyperphosphatasia (PIGV, PIGO, PGAP2, PGAP3)
Jansen-metaphyseal dysplasia (PTHR)
Kenny-Caffey (TBCE, FAM111A)
Mannosidosis (alpha) (MAN2B1)
Mucolipidosis II, III (GNPTAB, GNPTG)
Mucopolysaccharidosis (several)
Myhre (SMAD4)
Osteopathia striata (FAM123B)
Osteopetrosis (TNFSF11, TCIRG1, TNFRSF11A, CA2, 
CLCN7, OSTM1, LRP5, PLEKHM1)
Oto-palato-digital (FLNA)
Proteus (AKT1)
Polyostotic fibrous dysplasia (GNAS1)
Pyle metaphyseal dysplasia
Salla (Sialuria) (SLCI7A5)
Sclerosteosis (SOST)
van Buchem disease, type 2 (LRP5)

Birth prevalence: Unknown

Associated anomalies: Paget’s disease of bone, metastatic 
disease, anemia, hyperparathyroidism, acromegaly, 
osteopetrosis, pyknodysostosis, osteopathia striata, 
progressive diaphyseal dysplasia, hereditary multiple 
diaphyseal sclerosis, hyperostosis corticalis generalisata

Laboratory studies: hemoglobin, parathyroid hormone, 
growth hormone

Prenatal diagnosis: none

Cause: Mendelian (AD, AR, XL)

The calvaria has three tables:  the inner and outer tables are 
composed of compact bone, while the middle table (diploe) 
consists of cancellous bone. In general, the thickness of the 
normal skull is proportionate to the width of the middle table. 
The diagnosis of a thickened cranium is made radiographi-
cally, although no formal criteria have been established for 
determining whether cranial bones are thick (Fig. 5.12.1). 
Although there is wide variability among different individuals, 
in general the thickest part of a normal cranium is no greater 
than 1 cm.

The density of the skull may be increased, normal, or 
decreased.1 Thickening of the middle table is usually a mani-
festation of overproliferation of bone marrow in hemolytic dis-
ease or bone diseases (Fig. 5.12.1). In hemolytic diseases, such 

as thalassemia, vertical striations (“hair on end” appearance) 
occur, whereas in bone diseases such as osteopetrosis, sclero-
sis occurs.2-6 Overgrowth of the middle table can also occur in 
microcephaly. In situations in which a shunt has been placed 
to relieve hydrocephalus, thickening of both inner and middle 
tables can occur (Fig. 5.12.2).

Thickening of only the outer table is extremely rare.1 There 
are both ethnic and gender related variations in skull thick-
ness. Women have thicker skulls than men, and blacks have 
thicker skulls than whites. It is unknown whether thick cranial 
bones can occur as an isolated trait.

Treatment: The treatment depends on the underlying 
condition.
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Prognosis: The prognosis depends on the underlying condition.7
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Fig. 5.12.2 Marked skull thickening following ventriculoperitoneal shunting for hydrocephaly.

A B

Fig. 5.12.1 A: Mild thickening of the calvarium in a 3-year-old male with Sanfilippo syndrome (Mucopolysaccharidosis III). B: Thickening of the calvarium with “hair 
on end” pattern in a 4-year-old male with thalassemia. (Courtesy of Dr. Rodney I.Macpherson, Medical University of South Carolina, Charleston, SC.)
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5.13 sClEROsIs AND HYPEROsTOsIs OF THE skull

Definition: Increased density or excessive mineralization of the cranial bones.

ICD9/ICD10: 733.3/M85.2 Syndrome Associations (Appendix)
Autosomal recessive osteopetroses (TCIRG1, RANKL, 
CA2, CLCN7, OSTM1, PLEKHM1, RANK, SNX10)
Autosomal dominant osteopetroses (LRP5, CLCN7)
Albers-Schönberg (CLCN7)
Camurati-Engelmann (TGFB1)
Craniodiaphyseal dysplasia (SOST)
Craniometadiaphyseal dysplasia (ANKH)
Dysosteosclerosis (SLC29A3)
Endosteal hyperostosis (LRP5)
Frontometaphyseal dysplasia (FLNA)
Jansen metaphyseal dysplasia (PTHR)
Lenz-Majewski hyperostotic dwarfism (PTDSS1)
McCune-Albright Syndrome (GNAS)
Melnick-Needles (FLNA)
Oculodentodigital dysplasia (GJA1)
Osteoectasia-hyperphosphatasia (OPG)
Osteopathia striata-cranial sclerosis (AMER1)
Oto-palato-digital (FLNA)
Paget disease of bone (SQSTM1, TNFRSF11A)
Proteus (AKT1)
Pycnodysostosis (CTSK)
Sclerosteosis (SOST)
van Buchem (SOST, LRPS)

Birth prevalence: unknown

Associated anomalies: melorheostosis, osteopetrosis, 
osteopoikilosis, chronic idiopathic myelofibrosis, 
osteoarthritis, osteoma, hepatitis C.

Laboratory studies: radiographs, CT, hearing tests

Prenatal diagnosis: none

Cause: Mendelian (AD, AR, XL)

Fig. 5.13.1 Progressive cranial hyperostosis at 4 months (left), 15 months (center), and 5 years (right) in a patient with craniodiaphysial dysplasia. (Courtesy of 
Dr. Rodney I. Macpherson, Medical University of South Carolina, Charleston, SC.)
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Sclerosis generally refers to an increase in bone density 
without an alteration in width, while hyperostosis is caused 
by bone overgrowth that leads to an increase in density and 
width; however, not all cases fit cleanly into one category or 
the other.1 Hyperostosis is distinct from thick cranial bones, 
although hyperostosis and occasionally sclerosis can also 
cause thick cranial bones.2 Most of the sclerosing bone dys-
plasias manifest generalized changes that are classified on the 
basis of the distribution and configuration of these abnor-
malities. One subclassfication divides these disorders into 
osteosclerosis, craniotubular dysplasias, and craniotubular 
hyperostoses. In such conditions, basal sclerosis may be pres-
ent without significant calvarial involvement, but the converse 
rarely occurs.1

The presence of sclerosis or hyperostosis can be diagnosed 
radiographically or by computed tomography, and scintig-
raphy may provide information on disease progression (Fig. 
5.13.1).3 Radiologic changes are age-related, and definitive 
diagnosis may be difficult in early childhood.2 All condi-
tions that cause generalized osteosclerosis affect the skull.3-6 
Localized sclerosis of the base of the skull can occur in fibrous 
dysplasia, Jansen-type metaphyseal dysplasia, severe anemia, 
hypercalcuria, and Paget disease.5 It may also be seen with a 
meningioma or inflammation.1 Sclerosteosis and van Buchem 
disease have characteristic clinical and radiographic features 
of the calvaria, the base of the skull, and the shafts of the tubu-
lar bones. SOST is the only gene known to be associated with 
sclerosteosis and van Buchem disease.7 The skull overgrowth 
may lead to lethal elevation of intracranial pressure, distor-
tion of the face, and entrapment of cranial nerves, resulting 
in recurrent facial palsy or secondary trigeminal neuralgia, 
nerve palsy, deafness, or vision defects.6,8 Increased intracra-
nial pressure is not uncommon and papilledema can occur as 

a complication. Craniosynostosis also occurs in some cases, 
perhaps related to overstimulation of bone growth along 
suture edges.

Treatment: The treatment depends on the underlying con-
dition, which may require decompression. The narrowing 
of the foramen ovale and difficulty in the identifying and 
approaching the foramen are challenges for the neurosurgeon. 
Craniotomy to relieve increased intracranial pressure or nerve 
impingement may also be indicated.

Prognosis: The prognosis depends on the underlying cause 
and varies from individuals being asymptomatic to sudden 
death from medullary compression. In addition, facial palsy as 
well as hearing and vision loss may occur due to cranial nerve 
compression within stenotic formena.3,6,8
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5.14 VERTEX BIRTH MOlDING

Definition: Transient changes in cranial bone relationships resulting from mechanical cranial compression due to 
the forces of labor and passage through the birth canal.

ICD9/ICD10: None Syndrome Associations (Appendix)
None

Birth prevalence: seen in nearly all pregnancies that 
undergo labor or have intrauterine constraint

Associated anomalies: plagiocephaly, torticollis, 
overriding sutures, craniotabes

Laboratory studies: none

Prenatal diagnosis: rarely detected by ultrasonography

Cause: mechanical cranial compression during delivery

Vertex molding refers to the mechanical changes in fetal head 
shape that result from external compression on the cranium 
and bony adjustments within the cranium, which occur as the 

fetus in vertex presentation passes through the birth canal.1,2 
Additional soft tissue swelling can significantly alter the shape 
of the neonatal head, and prolonged pressure against the fetal 
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Fig. 5.14.1 Vertex birth molding in a term newborn male whose head shape, 
with postnatal supine positioning and a blanket roll under the shoulders so as 
to put pressure against the top of the elongated fetal vertex cone, returned to 
normal appearance.

cranium can delay normal ossification in the vertex region 
(benign vertex craniotabes). The birth canal is a long, curved 
tube through which a mature fetal head can only pass by rotating 
as it descends. There are a number of factors that influence the 
fetal cranial response to the normal forces of labor around the 
time of delivery, such as fetal head position and size, gestational 
age, maternal pelvic shape and dimensions, and the quality of 
uterine contractions.3,4 During normal vertex molding, moder-
ate anteroposterior compression causes the frontal and occipital 
bones to slide under the parietal bones along the entire length 
of the coronal and lambdoid sutures. This elongates the occipi-
tofrontal diameter to its greatest possible extent to diminish the 
vertical diameter of the fetal head to its smallest dimensions.

The cranial base is capable of bending slightly to allow ele-
vation of the occipital plates, with biparietal pressure decreas-
ing the transverse diameter enough to prevent the frontal and 
occipital bones from overriding the parietal bones when longi-
tudinal pressure is applied.5 Vertex molding is characterized by 
an elevation of the vertex, an increase in the biparietal diam-
eter, and an inward displacement of the occipital and frontal 
bones, which cause a reduction in the occipitofrontal diam-
eter. The amount of molding is directly related to the length 
of labor, and normal vertex molding results from pressures 
from the maternal soft tissues, not the bony pelvis.6,7 A con-
tracted pelvis is associated with more fetal head molding than 
that seen in normal deliveries, and excessive muscular con-
traction in the lower uterine segment results in more vertex 
molding, with an increased elevation of the fetal vertex. In a 
photographic and anthropometric study of vertex molding 
in 319 term infants delivered vaginally, several factors influ-
enced the degree of molding.8 Infants born to primiparous 
women showed significantly more molding, as did those born 
after oxytocin-stimulated labors and via vacuum extraction. 
The duration of the first stage of labor did not influence the 
degree of molding, but a prolonged second stage in primip-
arous mothers was associated with more extensive molding. 
Fetuses born in occiput posterior and breech presentations 
showed significantly less molding than those born in occiput 
anterior presentation. Some degree of molding occurs within 
the uterus prior to labor, and repetitive Braxton-Hicks con-
tractions throughout pregnancy were also a factor influencing 
the head shape of infants before the onset of labor.8

Extreme fetal head elongation due to vertex molding, from 
fetal cephalic fixation with persistent uterine contractions, has 
been noted via prenatal ultrasonography as early as 30 weeks 
gestation.1 During initial cervical dilation, pressure is great-
est on the upper portion of the parietal bones, leading to a 
decrease in biparietal diameter with a slight increase in the 
height and curvature of the vertex. At complete dilation, the 
biparietal diameter decreases to its smallest dimension, with 
continued elevation and curvature of the vertex and inward 
bending of both the frontal and occipital bones. As the fetus 
descends, pressure shifts to the lower portions of the pari-
etal bones, causing them to rotate inward and move upward, 
thereby increasing the biparietal diameter along with progres-
sively widening the temporosquamosal and sagittal sutures.

With any normal fetus presenting in the vertex position, 
there may be appreciable molding of the head at birth. This is 

especially likely if the infant is the first born with the fetal head 
located deep in the uterine outlet for a prolonged time or if the 
mother has a prolonged second stage of labor and/or an incom-
pletely dilated rigid cervix. The typical vertex molded new-
born head is elongated and cylindrical and resumes a rounded 
shape within the first week of life (Fig. 5.14.1).2 The forehead 
tends to slope, and the parietooccipital region is prominently 
elevated into a conical shape. Head circumference measure-
ments may he spuriously low because of the degree of molding. 
Persistent vertex molding usually reflects prolongation of the 
initial stages of normal fetal molding due to entrapment of the 
fetal head. The prognosis for spontaneous resolution of nor-
mal vertex birth molding is generally excellent. With extensive 
vertex molding, management of the infant’s resting position 
will usually facilitate a complete return to normal form.2 If the 
baby is allowed to rest exclusively on the sides of the head, this 
conical deformation may become stabilized, and an elongated 
head shape will persist. Thus, it is important to bring pressure 
against the vertex to help collapse the conical head shape that 
may persist with extensive vertex molding.2

Along the leading part of the parietooccipital region 
there may be edema of the skin and subcutaneous tissues, the 
so-called caput succedaneum. Associated craniotabes may also 
be extensive in the vertex region (Fig. 5.11.1). Hemorrhages 
may occasionally be evident in the sclera and in the retina, and 
occasionally there may be a traumatic subperiosteal hemor-
rhage, most commonly in the outer table of the parietal bone. 
This will give rise to a soft, fluctuant mass. With time, its bor-
ders will become elevated and craterlike as the raised perios-
teum begins to deposit bone at its borders. The subperiosteal 
hemorrhage with a subsequent crater-rim of bone at its outer 
borders may give the impression of a skull fracture, sometimes 
raising the question of a depressed skull fracture, but such sub-
periosteal hemorrhage usually is a benign lesion. Rarely, pos-
terior fossa hemorrhage in the term neonate can lead to severe 
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molding with elongation of the head. These infants are readily 
distinguished from benign vertex molding by their neurologic 
deficits.

Treatment: No therapy is usually necessary other than 
parental reassurance. Recovery from the newborn molded 
state takes place in two phases: first, an acute elastic recovery 
before the head is actually delivered, and second, a slower vis-
coelastic recovery during the postpartum period. More severe 
cases may benefit from corrective head positioning.

Prognosis: The prognosis for spontaneous resolution of nor-
mal vertex birth molding is generally excellent. Resolution of 
cranial head molding usually begins to resolve a few hours 
after delivery is usually completed within three to seven days 
after delivery.9
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5.15 BREECH HEAD AND BATHROCEPHAlY

Definition: Anterior-posterior elongation of the head (dolichocephaly) with a prominent occipital shelf 
(bathrocephaly), resulting from prolonged breech position in late fetal life with increased uterine fundal pressure, 
retroflexion and molding.

ICD9/ICD10: None Syndrome Associations (Appendix)
Achondrogenesis Ib (SLC26A2)
Arthrogryposis multiplex congenita (GLE1)
Arthrogryposis, distal, type 2A (MYH3)
Ehlers-Danlos, type VII (COL1A1, COL1A2)
Dysautonomia, familial (IKBKAP)
Hajdu-Cheney (NOTCH2)
Meier-Gorlin (ORC1)
Meckel (MKS1)
Nemaline myopathy 9 (KLHL41)
Osteogenesis imperfecta, type VII (CRTAP)
Smith-Lemli-Opitz (DHCR7)
Prader-Willi (NDN, SNRPN)
Zellweger (PEX genes)

Birth prevalence: 1/15–1/30 breech presentations

Associated anomalies: bathrocephaly, persistent 
mendosal suture

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: prolonged intrauterine breech position

The frequency of singleton breech presentation at term 
is 3.1  percent, rising to 6.2  percent if multiple births are 
included.1-4 Among a large series of infants with deformations 
32 percent were in breech presentation, and 23 percent of mal-
formed infants were also in breech presentation.4 Among 142 
infants with spina bifida, 38  percent were in breech presen-
tation and 68 percent had lower limb weakness or paralysis; 
among those with paralyzed legs, 93 percent manifested breech 
presentation. Thus, there are numerous fetal and maternal fac-
tors that can lead to breech presentation and thereby increase 
the risk for adverse outcomes.

Though there is controversy concerning the best mode 
of delivery for infants in breech presentation, most studies 

suggest that the risk for neonatal morbidity and mortality is 
increased when term, singleton infants in breech presentation 
are delivered vaginally as opposed to by cesarean section.4-7 
Traumatic injuries following vaginal delivery of breech infants 
can include fractures and dislocations, brachial plexus inju-
ries, facial nerve injuries, cerebral hemorrhages, bruising with 
hyperbilrubinemia, cervical cord injuries, cord prolapse, birth 
asphyxia, and testicular trauma.1

Breech presentation is more common in the primigravida, 
especially the older primigravida, presumably because of the 
shape of the uterus and the reduced space for fetal and uter-
ine growth. The spatial restrictions associated with twinning 
also increase the likelihood of breech presentation, especially 
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for the second in birth order. The prematurely born baby is 
also less likely to have shifted into the vertex birth posi-
tion, and prematurity is more common with multiple births. 
Unless there is oligohydramnios or twinning, the premature 
fetus in breech presentation generally does not have deforma-
tions. This is because there has not been sufficient constraint 
to cause fetal deformation. Furthermore, breech presentation 
can be considered normal with prematurity, since 25 percent  
of all fetuses are in breech presentation at 32 weeks of gesta-
tion, and, after this time, the majority of fetuses shift into  
vertex presentation.4 Any situation that causes oligohydram-
nios, whether it be chronic leakage of amniotic fluid or lack 
of urine flow into the amniotic space, will restrict movement 
and greatly increase the chance of the fetus being in breech 
presentation. Alterations in the size and shape of the uterine 
cavity may also increase the frequency of breech presentation. 
This may be secondary to uterine structural anomalies or to 
myomas. The implantation and placement of the placenta may 
also be a factor, since 66 percent of placentas in breech deliv-
eries implant in the cornual-fundal region (versus 4  percent 
of vertex presentations), while 76 percent of vertex presenta-
tions implant on the mid-wall of the uterus (versus 4 percent 
of breech presentations).4

About 70  percent of fetuses in breech presentation have 
their legs extended in front of the abdomen.8 Breech pre-
sentation with the hips flexed and knees extended is termed 
frank breech. With the hips and knees flexed, it is called com-
plete breech, and with the hips and knees extended, it is called 
footling breech. The legs may be caught in front of the fetus, 
tending to dislocate the hips and causing genu recurvatum of 
the knee with calcaneovalgus position of the feet. In the com-
plete breech position, with the legs flexed across the abdomen, 
the feet are liable to be compressed into an equinovarus posi-
tion. Prolonged breech position in late fetal life will give rise 
to increased uterine fundal pressure and molding of the fetal 
head, which may become retroflexed. This type of constraint 
results in anterior-posterior elongation of the head (dolicho-
cephaly) with a prominent occipital shelf (bathrocephaly), and 
it is commonly termed breech head (Fig. 5.15.1).9,10

Bathrocephaly describes a deformity of the posterior skull 
with bulging of the midportion of the occipital bone where the 
endochondral and membranous portions of the occipital bone 
converge. Bathrocephaly appears as a step-like deformity at the 
back of the skull, and it is also termed an occipital shelf. It is not 
typically associated with craniosynostosis but can occur sec-
ondary to breech position in utero, face or brow presentation 
with a retroflexed head, or as a benign variant of the mendosal 
suture.2 An ossified cephalohematoma can be another cause of 
occipital protuberance.

There may be redundant folds of skin in the posterior neck 
as a result of compression due to retroflexion of the head. The 
lambdoid sutures may appear to be overlapping and/or ridged 
because of the fetal head constraint. The ear lobe may be forced 
upward into the location where the shoulder has been, and 
there may be a “hollow” appearance at the manubrial region 
of the mandible. The shoulder compression is often asymmet-
ric, and hence there may be asymmetry of the mandible with 
an “upward tilt” on the most compressed side. Torticollis may 

occur secondary to asymmetric stretching or frank tearing of 
the sternocleidomastoid muscle, or due to clavicular fracture 
during a traumatic breech vaginal delivery; 20 percent of torti-
collis occurs in babies who were in breech presentation.3,8

Of gravest concern is the vaginal delivery of a breech fetus 
with a hyperextended head (measured angle of less than 90° 
by ultrasound between the cervical vertebrae and the tangent 
plane of the occipital bone), which occurs in 11–15  percent 
of breech fetuses and is associated with cervical cord damage 
when delivered vaginally.

Treatment: In management of breech presentation, three 
factors must be considered.10 First is prevention of the defor-
mities and complications of vaginal delivery by moving the 
fetus into the vertex position before the time of delivery by 
external cephalic version. Second is avoidance of the compli-
cations that relate to vaginal delivery of the breech fetus by 
utilizing cesarean section delivery, particularly when the fetal 
head is hyperextended. Third is the management of any defor-
mations and complications after delivery of the breech fetus. 
After birth, the head shape and the mandibular retrusion tend 
to gradually return to normal, with no specific management 
being indicated.10 An elongated, scaphocephalic head may also 
result from sagittal craniosynostosis. Palpation of the nor-
mally mobile sagittal suture is usually all that is required to 
clarify this diagnosis. Any doubt that might exist can usually 
be resolved by radiographs and follow-up examination, which 

Fig. 5.15.1 Newborn male in prolonged breech presentation with 
bathrocephaly and equinovarus foot deformation. Breech positioning results in 
prominent occipital shelf with shoulders thrust up and head slightly retroflexed, 
resulting in bathrocephaly.
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shows progressive improvement toward normal form for the 
molded breech head.

Prognosis: The most important question is whether an oth-
erwise normal infant became caught in the breech position. If 
so, the prognosis without birth complications is usually excel-
lent. If the infant was in the breech presentation because of a 
fetal problem, the prognosis relates predominantly to the basic 
diagnosis.10 Prognosis is poor only if breech position is sec-
ondary to malformation or neurologic dysfunction.9
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5.16 OTHER CRANIAl DEFORMATIONs DuE TO ABNORMAl  
FETAl PREsENTATION

Definition: Craniofacial deformations secondary to an abnormal birth presentation.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
None

Birth prevalence: transverse lie–1/400, face 
presentation–1/600–1/1,250, brow presentation–1/1,444

Associated anomalies: polyhydramnios, micrognathia, 
torticollis, scoliosis, maternal uterine anomalies, maternal 
uterine myomas

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: abnormal birth presentation

T R A N S V E R S E   L I E

Transverse lie occurs in 2.5 per 1000 deliveries and is associ-
ated with multiparity (90 percent), prematurity (13 percent), 
placenta previa (11  percent), polyhydramnios (8  percent), 
uterine anomalies (8  percent), and uterine myomas (3  per-
cent), especially when the myomas are located in the lower 
uterine segment. Predisposing factors such as uterine struc-
tural anomalies, prematurity, and placenta previa are found 
in 66  percent of primiparas, but in only 33  percent of mul-
tiparas.1 In association with multiparity, women delivering 
transverse-lying infants tend to be older than those deliver-
ing vertex-presenting infants, with the other factors such as 
low-lying placenta, uterine anomalies, myomas, or prematurity 
occurring more frequently in primigravidas. Laxity of abdomi-
nal musculature in multiparous women is believed to be the 
predominant factor accounting for the liability toward trans-
verse lie in these women. The occurrence of polyhydramnios 
may relate to the fetus being unable to swallow amniotic fluid 
because the wall of the uterus obstructs the mouth. Full frontal 
constraint may flatten the face, limit mandibular growth, and 

result in a retroflexed head with a prominent occipital shelf. 
There may be associated torticollis and/or scoliosis, as well as 
other deformations.

Treatment: Management of a transverse lie at term consists 
of expectant management, external cephalic version, or elec-
tive cesarean section.2,3

Prognosis: With expectant management, the spontaneous 
conversion rate to a longitudinal lie before labor is as high as 
83 percent.2 This must be weighed against the increased risks of 
cord prolapse and birth trauma/asphyxia with persistent trans-
verse lie versus the risks of cesarean section. The proven value of 
external cephalic version in term breech deliveries and in mul-
tiparous women with a transverse lie should not be extended to 
primiparous women with a transverse lie (who may have some 
kind of underlying pathology, such as a uterine septum, inhibit-
ing the normal process of version). The compressive effects of a 
prolonged transverse lie or prolonged face and brow presenta-
tion can cause extensive facial compression (Fig. 5.16.1).4
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FA C E  A N D  B R O W  P R E S E N TAT I O N

In face and brow presentations the face is the compressed 
presenting part, usually with extension of the head. Face pre-
sentation occurs in 1 to 2 per 1,250 deliveries, and brow pre-
sentation occurs in one per 1,444 deliveries.5-7 A Finland study 
of 11,957 consecutive singleton deliveries reported cephalic 
malpresentations in 5.4% of deliveries with persistent occipi-
toposterior presentation in 5.2%, face 0.1%, and brow 0.14%.8 
Face presentation is more common in multiparas (81 percent) 
and is variably associated with large infants weighing over 
4000 grams (42 percent), small infants weighing less than 2300 
grams (16 percent), and cephalopelvic disproportion.5-7 High 
parity, low birth weight, and cephalopelvic disproportion have 
also been proposed as etiologic factors in brow presentation, 
with relative cephalopelvic disproportion attributed to the pre-
senting diameters of the fetal head being greater in brow pre-
sentation than in face or vertex presentations.7

In face presentation, the fetal head is hyperextended so that 
the occiput touches the back, and the presenting part is the 
fetal face between the orbital ridges and the chin.7 The growth 
of the fetal mandible and nose may be restrained. The position 
of comfort for the baby after birth is often with the neck retro-
flexed. As a consequence of compression of the chin and neck 
region with retroflexion, there are redundant folds of skin in 
the anterior upper neck, with retrognathia and an extremely 
prominent occipital shelf (Fig. 5.16.1). In some instances the 
prolonged facial compression may lead to feeding and swal-
lowing difficulties. There may also be jaw subluxation and a 
palpable/audible click as the jaw moves in and out of the socket 
(similar to that detected with a subluxable hip). Prolonged 
compression of the neck against the pubic ramus during deliv-
ery can cause trauma to the trachea or the larynx.9

In brow presentation, the fetal head is midway between 
flexion and hyperextension, and the presenting part is the 
brow between the orbital ridges and the anterior fontanelle.6 
Most cases of brow presentation are diagnosed during labor 
and delivery, with cephalopelvic disproportion being the sus-
pected cause for many persistent brow presentations, result-
ing in prolonged dysfunctional labors. The brow is unusually 
prominent, whereas the midface is less prominent than usual. 
There may be increased molding with persistent brow pre-
sentation in the frontoposterior position, making conversion 
more difficult and leading to excessively prolonged labors in 
40–50 percent of cases.7,10

Treatment: Face and brow presentations carry an increased 
risk of difficult labor. Cesarean section merits consideration, 
especially if the fetus is large, the mother has a relatively small 
pelvis, or there is a persistent mentum posterior presentation 
with arrested descent. If progress is being made in dilation 
and descent, the optimal management of face and brow pre-
sentations is expectant, but if progress ceases, delivery should 
be by cesarean section.7 Only anterior face positions can be 
delivered vaginally, because of the inability of the fetal neck 

to further extend in the posterior position. Usually no treat-
ment other than gentle massage is indicated for congenital jaw 
subluxation.4

Prognosis: After delivery of the fetus in face or brow pre-
sentation, there tends to be catch-up of the restrained facial 
growth toward normal.4 Although there is hyperextension of 
the fetal head in vaginal face presentation, vaginal delivery 
does not appear to pose the same risks for spinal and cerebellar 
injuries as is seen with breech presentation. The head gradu-
ally resumes a more normal posture, and the redundant skin 
that may be present on the anterior neck with face presentation 
usually resolves with postnatal growth.
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Fig. 5.16.1 Face presentation with severe limitation of mandibular growth, 
which recovered after birth.
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5.17 ANOMAlIEs OF THE sEllA TuRCICA

Definition: Abnormal size and/or shape of the central depression within the sphenoid bone that contains the 
pituitary gland.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Absent Sella Turcica
Pallister-Hall (GLI2)
Small Sella Turcica
Hypertrichotic osteochondrodysplasia (ABCC9)
Microphthalmia 3 (SOX2)
Microphthalmia 6 (BMP4)
Pituitary hormone deficiency, combined, 4 (LHX4)
Weismann-Netter
Empty Sella Turcica
Craniofacial anomalies-anterior segment 
dysgenesis (VSX1)
Donnai-Barrow (LRP2)
Robinow (ROR2)
Septooptic dysplasia (HESX1)
J-Shaped Sella Turcica
Anauxetic dysplasia (RMRP)
Geleophysic dysplasia-1 (ADAMTSL2)
Infantile sialic acid storage (SLC17A5)
Lysyl hydroxylase 3 deficiency (PLOD3)
Mucopolysaccharidosis I (IDUA)
Mucopolysaccharidosis VII (GUSB)
MULIBREY nanism (TRIM37)

Birth prevalence: unknown

Associated anomalies: pituitary adenoma, pituitary 
apoplexy and infarction, empty sella, rathke cleft cysts

Laboratory studies: CT may be used as an adjunct to 
MRI

Prenatal diagnosis: none

Cause: sporadic, Mendelian (AD, AR, XL), rarely 
chromosomal

Assessment of the sella turcica can best be done radiographi-
cally or by computed tomography.1 Measurements of nor-
mal sella turcica size have been published, with considerable 
overlap between normal and abnormal ranges.2,3 The size of 
the sella turcica assessed from radiographs can be either lin-
ear or various methods of area and volume measurements. It 
typically ranges from 4 to 12 mm for the vertical and from 5 
to 16  mm for the anteroposterior dimension. The variations 
between various measurements can be secondary to the use 
of different landmarks, radiographic techniques, and degree of 
radiographic enlargement.4 Small sellas have been described 
in patients with hypopituitarism and myotonic dystrophy, 
whereas large sellas occur in patients with storage disorders, 
pituitary tumors, empty sella syndrome, craniopharyngioma, 
intrasellar aneurysm, untreated hypogonadism, and hypothy-
roidism (Fig. 5.17.1).5

A J-shaped sella describes the lateral profile of the sella 
turcica in which the sella resembles a “J” lying on its side. 
A J-shaped sella can occur as a normal variant but may also 
occur in individuals with calvarial enlargement or optic nerve 
gliomas.6 Bridged sella is caused by bony bridging between 
anterior and posterior clinoids and can be a normal variant. 
It can also be seen in nevoid basal cell carcinoma syndrome 

(Gorlin syndrome). Absent sella turcica can have a normal 
pituitary in the craniopharyngeal canal with normal function.7

The sphenoid bone consists of two main cartilaginous parts 
(hypophyseal cartilage) until the seventh or eighth month of 
gestation. The presphenoid will contribute to the anterior part 
of the sella turcica, while the postsphenoid forms the remainder. 
At birth, the sella is only a small depression; it begins to ossify 
soon after birth. Since 80  percent of the sella is occupied by 
the pituitary gland, it is not unusual for pituitary anomalies to 
cause abnormalities in the sella. In individuals with optic nerve 
gliomas the chiasmatic groove will appear scalloped, whereas 
in cases of calvarial enlargement it will appear elongated.6

Treatment: Sellar abnormalities do not themselves require 
treatment. However, they are usually indicative of an underly-
ing pathologic process that may require treatment.5

Prognosis: Prognosis is dependent on the underlying cause.
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5.18 ANOMAlIEs OF FORAMEN MAGNuM

Definition: Small, large or misshaped foramen magnum.

ICD9/ICD10: 756.0/M48.02 Syndrome Associations (Appendix)
Large foramen magnum
Angelman (UBE3A)
Chudley-McCullough (GPSM2)
Cleidocranial dysplasia (RUNX2)
Frontometaphyseal dysplasia (FLNA)
Rubinstein-Taybi (CREBBP)
Small foramen magnum
Achondroplasia (FGFR3)
Chondrodysplasia, Blomstrand type (PTHR1)
Hydrolethalus (HYLS1)
Lateral meningocele
McCune-Albright (GNAS)
Pseudoachondroplasia (COMP)
Sclerosteosis 1 (SOST)
Spondylocarpotarsal synostosis (FLNB)
Spondylometaphyseal dysplasia, Sedaghatian type (GPX4)
Spondylometaepiphyseal dysplasia, short limb-hand 
type (DDR2)
Thanatophoric dysplasia, types I, 2 (FGFR3)

Birth prevalence: varied

Associated anomalies: syringomyelia, Arnold- Chiari 
malformation

Laboratory studies: radiographs, CT

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian (AD, AR, XL), rarely 
chromosomal

A

B

Fig. 5.17.1 A: Enlarged and J-shaped sella turcica in a 13-year-old male with mucopolysaccharidosis I–H. B: Enlarged, rounded sella turcica in a 10-year-old male 
with mucopolysaccharidosis I–H/I–S.
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Magnetic resonance imaging best achieves diagnostic assess-
ment of foramen magnum size or shape, although radi-
ography or computed tomography may also be used (Fig. 
5.18.1).1,2 Although most studies describe the foramen mag-
num as having a round shape, there are at least five to eight 
types of foramen magnum shapes. In a retrospective review 
of three-dimensional computed tomography on 101 patients, 
Göçmez ranked their frequency with the following occur-
rence:  round (18.8%), 2 semicircles (17.8%), egg-shaped 
(14.9%), hexagonal (13.9%), tetragonal (10.9%), oval (10.9%), 
pentagonal (8.9%), and irregular (4%).3 Tables have been pub-
lished indicating normal foramen magnum size.4

Effects of a small foramen magnum vary from producing 
no symptoms to being associated with weakness, apneic spells, 
hyperreflexia, hydrocephalus, and abnormal somatosensory 
potentials and polysomnograms.5 Achondroplasia is the most 
common syndrome in which a small foramen magnum occurs, 
but other skeletal dysplasias and disorders associated with 
sclerosis of the skull can also lead to a small foramen magnum. 
Patients with achondroplasia usually do not experience neuro-
logic complications until the foramen magnum is 4 standard 
deviations (SD) or more below the mean,3 and 96 percent of 
achondroplastic patients with neurologic manifestations have 
foramen magnum sizes more than 3 SD below the mean.5,6 
A small foramen magnum can be accompanied by a short cra-
nial base, and anterior herniation of the brain through an open 
metopic suture can occur in such cases.7

A large foramen magnum usually results from chronic 
increased intracranial pressure or from compression within 
the foramen magnum (syringomyelia, Arnold-Chiari malfor-
mation).2,5,6,8,9 Large foramen magnum has also been described 
in children with Rubinstein-Taybi or Angelman syndrome. 
Asymmetry of the foramen magnum occurs with cranioverte-
bral anomalies or premature synostosis of one or more of the 
occipital synchondroses.9 Children with the latter may hold 
their heads obliquely. A keyhole-shaped foramen magnum has 
been described in the hydrolethalus syndrome.10

The foramen magnum is an oval-shaped orifice bound by 
the exoccipital, supraoccipìtal, and basooccipital bones, which 
develop and grow by enchondral ossification. These bones are 
separated by two anterior and two posterior synchondroses, 
which begin to fuse at 12 months and completely fuse by three 
to four years and seven years, respectively.5 If endochondral 
ossification is abnormal, premature suture fusion premature or 
a small foramen magnum can occur. Premature synostosis of a 
suture may cause asymmetry.9

Treatment: Recommended treatment for a small foramen 
magnum is suboccipital craniectomy.5

Prognosis: The prognosis for a large or abnormally shaped 
foramen magnum is dependent on the underlying cause. 
Prognosis for small foramen magnum is variable, but the most 
serious outcome is brain stem compression, which may result 
in sudden death.
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Fig. 5.18.1 Foramen magnum size. Top: mean +/–1 standard deviation (SD)  
for transverse diameter. Bottom: mean +/–1 SD for sagittal diameter.  
(From Hecht et al.5)
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5.19 ANOMAlIEs OF THE OTHER BAsAl FORAMINA AND CANAls

Definition: Abnormal configuration or size of the openings in the base of the skull that transmit nerves, blood 
vessels, or both.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
McCune-Albright (GNAS)
Neurofibromatosis, Type 1 (NF1)

Birth prevalence: unknown

Associated anomalies: nasopharyngeal melanoma, 
angiofibroma, carotid cavernous fistula, 
neurofibromatosis

Laboratory studies: contrast-enhanced MRI is the 
mainstay for detecting pathology in the skull base, 
foramina and nerve canals

Prenatal diagnosis: none

Cause: sporadic, Mendelian (AD, AR, XL), rarely 
chromosomal

There are at least 11 foramina and canals in the base of the 
cranium through which blood vessels and nerves enter or leave 
the intracranial space (Table 5.19.1).1-4 Increased intracranial 
pressure, aneurysms, tumors, and arteriovenous malforma-
tions can all cause pathologic enlargement of these foramina, 
affect vascular supply, or cause cranial nerve entrapment.5,6 
Congenital anomalies include absence or asymmetry of paired 
foramina and communication with other foramina. Keskil et al. 
provides a detailed description of the morphologic variations 
of the skull base.7,8 Diagnosis of these anomalies is achieved 
radiographically or by using basal tomography, although 
they usually produce incidental findings.9 Contrast-enhanced 
MRI is the mainstay for detecting pathology in the skull 
base foramina and nerve canals, through demonstration of 
abnormal enhancement. When MRI is contraindicated or 

unable to differentiate tumor from non-neoplastic pathol-
ogy, high-resolution skull base CT is indicated to assess for 
nerve canal or foramen widening. Relative asymmetry is more 
important than absolute size for determining nerve canal/
foramen abnormality, and normative data are useful for objec-
tive assessment of nerve canal/foramen size when using skull 
base CT.9

Treatment: Evaluation for an occult malformation may be 
warranted in patients with a dural malformation presenting 
with recurrent meningitis, meningitis with isolation of upper 
airway pathogens, or cerebrospinal fluid rhinorrhea. Methods 
should include a search for dural lesions. Detection of dural 
lesions makes it possible to perform the necessary surgical 
repair and thus prevent the further occurrence of potentially 
fatal episodes of meningitis.

Prognosis: Recognition of these structures and their possible 
variations helps to distinguish normal from potentially abnor-
mal structures and helps to avoid misinterpretations that lead 
to confusion during surgical interventions. Instrumentation 
near potential bone gaps at the cranial base may traumatize 
important neural or vascular structures.
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TABLE 5.19.1  Foramina and Canals of the Base of the Cranium

Foramen rotundum

Foramen ovale

Foramen spinosum

Foramen of Vesalius

Canal of Arnold

Foramen lacerum

Pterygoid canal

Carotid canal

Jugular foramina

Greater palatine foramen

Lesser palatine foramen
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5.20 BAsIlAR IMPREssION AND BAsIlAR INVAGINATION

Definition: Malformation or deformation of the cranial base consisting of indentation of the base of the skull at the 
craniospinal junction.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Cleidocranial dysplasia (CBFA1)
Crouzon (FGFR2)
Hajdu-Cheney (NOTCH2)
Hyperparathyroidism (HRPT2)
Hypophosphatasia (ALPL)
Klippel-Feil (GDF6, MEOX1, GDF3)
Larsen (FLNB)
Mucopolysaccharidoses (Multiple)
Osteogenesis imperfecta (COL1A2, COL1A1, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)
Pyknodysostosis (CTSK)
Spondyloepiphyseal dysplasia (COL2A1)
Thanatophoric dysplasia (FGFR3)
Trisomy 21

Birth prevalence: 1/3,000

Associated anomalies: Chiari type I malformation, 
Dandy-Walker malformation, hyperparathyroidism, 
Paget disease of bone, syringomyelia

Laboratory studies: definitive diagnosis requires 
radiography, CT, MRI, serum alkaline phosphatase, 
phosphorus, calcium/ionized calcium, fluoride, urine 
mucopolysaccharides

Prenatal diagnosis: none

Cause: chromosomal, Mendelian

Primary basilar impression is a malformation in which the 
base of the skull and the upper two cervical vertebrae fail to 
segment and exist as a bony mass within which the posterior 
fossa, brain stein, and upper cervical spinal cord may become 
compressed. Some degree of basilar impression may occur 
with platybasia, defined as a craniocervical angle of greater 
than 140 degrees. Basilar impression may be suspected when 
there is limited movement and shortening of the neck, but 
definitive diagnosis requires radiography, computed tomog-
raphy, or magnetic resonance imaging scan (Fig. 5.20.1).1 In 
basilar impression, the odontoid moves cephalad and can 
protrude into the foramen magnum, thus compromising the 
spinal cord, brainstem, and cerebellum as well as impeding the 
flow of cerebrospinal fluid. Symptoms include pain, limitation 
of movement, increased intracranial pressure, hydrocepha-
lus, and cranial nerve symptoms including headache, lower 
cranial nerve dysfunction, dysphagia, respiratory embarrass-
ment, weakness, and ataxia.1-4 In one study, the most com-
mon symptom was occipital and vertex headaches (present 
in 80  percent). Involvement of cranial nerves VIII, IX, and 
X was found in 70 percent. Dysphagia was present and the 
presenting symptom in 66  percent, followed by respiratory 
embarrassment 60  percent, weakness 48  percent, and ataxia 
32 percent.5

Primary basilar impression is caused by a congenital defect 
of osseous structures in the cervicooccipital region and can 

occur as an autosomal dominant trait.1 Secondary basilar 
impression is related to diseases of the skull. Secondary basilar 
impression occurs as a result of generalized skeletal diseases 
including hyperparathyroidism, Paget disease, histiocytosis 
X, rheumatoid arthritis, rickets, and Osteogenesis imperfecta. 
The incidence in the general population is one per 3,300, and it 
may be more common in Eskimos and in cultures where car-
rying heavy loads on the top of the head is practiced.6

Treatment: Treatment consists of immobilization or, in 
severe cases, ventral transoral decompression of the fora-
men magnum, laminectomy of the first and second cervical 
vertebrae, and cervicooccipital fusion.5,7 Early interven-
tion with occipitocervical bracing can prevent the progres-
sive march of significant basilar impression, which leads to 
mortality.5 Shunting for hydrocephalus may also be indi-
cated. Cranial base pathology is a serious complication of 
Osteogenesis imperfecta, and early bisphosphonate treat-
ment may delay development of craniocervical junction 
pathology, but careful follow-up of cranial base morphology 
is warranted.8

Prognosis: The prognosis is quite variable. Affected indi-
viduals may be asymptomatic, develop sudden or progres-
sive symptoms, or die suddenly. Most patients present with 
symptoms in late childhood or early adulthood, which 
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corresponds to the time of closure of the anterior synchondro-
ses (6 years) and sphenooccipital synchondrosis (25 years) of 
the occipital bone.4
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5.21 CEPHAlHEMATOMA AND CAPuT suCCEDANEuM

Definition: Cephalhematoma: subperiosteal hemorrhage, which may enlarge after delivery and sometimes takes 
weeks to resolve. Caput succedaneum: a collection of edematous fluid above the periosteum between the outermost 
layer of the scalp and the subcutaneous tissue, which is maximal in size at birth and usually resolves within a 
few days.

ICD9/ICD10: 756.0/P12.0 Syndrome Associations (Appendix)
None

Birth prevalence: 1/40–1/500

Associated anomalies: premature rupture of membranes, 
oligohydramnios

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: injury/trauma (e.g., vacuum extraction)

Fig. 5.20.1 Basilar impression. Platybasia with basilar impression at ages 10 months and 8 years in a male with Hajdu-Cheney syndrome. Note also the 
dolichocephaly, absence of frontal sinuses, and wormian bones. (Courtesy of Drs. Rodney I. Macpherson and G. Shashidhar Pai, Medical University of South 
Carolina, Charleston, SC.)
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Both cephalhematoma and caput succedaneum lesions are 
believed to result from an injury to the cranial periosteum 
during labor in a traumatic delivery, but cephalhematomas are 
sometimes detected as echogenic bulges on the cranium dur-
ing prenatal ultrasound evaluations, suggesting that they may 
also arise in utero. Traumatic subperiosteal hemorrhages occur 
most commonly in the outer table of the parietal bone, giving 
rise to a soft, fluctuant mass. With time, its borders will become 
elevated and crater-like, as the raised periosteum begins to 
deposit bone at its borders.1 Calcified cephalhematomas resolve 
slowly over the course of the first year during the normal pro-
cess of cranial remodeling with normal calvarial growth.

Cephalhematoma is a hemorrhage, which occurs beneath 
the periosteum with no extension over a sutural margin, and 
definite palpable edges are usually evident. Among 16,292 
fetuses undergoing comprehensive ultrasound examina-
tions between 1993 and 1996, seven cephalhematomas were 
detected on exams done between 23 and 38 weeks (five occipi-
tal and two temporal). The diagnosis was confirmed at birth 
to be cephalhematoma in two cases, and caput succedaneum 
in the remaining five cases, but it was not possible to make 
this distinction prenatally. The seven affected infants were not 
delivered by vacuum extraction or forceps. None had any signs 
of intracranial hemorrhage or skull fracture by ultrasound, and 
none required any treatment. Five of the seven cases had asso-
ciated premature rupture of membranes, with oligohydram-
nios in four cases, suggesting this might have played a role.2

Cephalhematoma, subdural hematoma, and caput succeda-
neum have all been found more frequently in infants delivered 
by vacuum extraction than in infants delivered spontane-
ously.3,4 In a prospective randomized trial of 322 cases deliv-
ered via vacuum extraction, cephalhematomas were strongly 
associated with the station of the presenting part, asynclitism, 
and increasing application to delivery time, but none of these 
infants experienced any long-term complications or needed 
blood transfusions.5 There have also been reports of fetal death 
and stillbirth after prenatal diagnosis of fetal subdural hema-
tomas following suspected or confirmed trauma.6-8 Maternal 
abdominal trauma can result in serious subdural hematomas, 
which can be seen by ultrasound prenatally, and this type of 
intracranial hemorrhage may threaten fetal survival. Cases of 
epidural hemorrhage requiring intervention may be associ-
ated with skull fracture. Cephalhematomas can be associated 
with intracranial hemorrhage, particularly in infants with an 
associated skull fracture. Therefore, evaluation for skull frac-
ture should be considered in infants with cephalohematoma, 
and in cases of skull fracture, neuroimaging should be con-
sidered.9 Cephalhematomas can occur prenatally before the 
onset of labor, especially when there is premature rupture of 
membranes with prolonged oligohydramnios. Since vacuum 
extraction has been associated with cephalhematomas, there 
are concerns about whether this mode of delivery may result 
in more serious intracranial vascular injuries (subdural, cere-
bral, intraventricular, or subarachnoid hemorrhages). Among 

583,340 liveborn singleton California infants weighing 2500 
to 4000 grams, who were born to nulliparous women between 
1992 and 1994, the rate of intracranial hemorrhage was signifi-
cantly higher among infants delivered by vacuum extraction, 
forceps, or cesarean section during labor than among infants 
delivered spontaneously.10

There was an incremental increase in the rate of hemor-
rhage if more than one method of delivery was used. Since the 
rate of hemorrhage was not significantly higher among infants 
delivered by cesarean section before labor, much of the mor-
bidity associated with operative vaginal delivery is thought to 
be due to an underlying abnormality of labor rather than the 
specific operative procedure. The rate of intracranial hemor-
rhage has decreased by three times (to less than 1  percent) 
since the substitution of plastic cups for metal cups in vacuum 
extractors during the l980s.

Treatment: Cephalhematomas begin as soft fluctuant masses 
within the periosteum of the parietal bones and then slowly 
calcify over the first year of life. Treatment is conservative 
because they almost always resorb spontaneously. After ossi-
fication, cephalhematoma may still get absorbed slowly and 
most often disappears over three to six months. Persistent cal-
cification that is not resolved by time may be an indication for 
surgical excision.1

Prognosis: Cephalhematomas are benign lesions, which 
begin as soft fluctuant masses within the periosteum of the 
parietal bones and then slowly calcify over the first year of life. 
Caput succedaneum can cross suture lines and is maximal at 
birth, resolving in just a few days. The subperiosteal hemor-
rhage associated with a cephalhematoma may manifest a sub-
sequent crater-rim of bone at its outer borders, sometimes 
giving the impression of a depressed skull fracture.
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5.22 MIsCEllANEOus ANOMAlIEs OF THE skull

(Paracondylar Process, Epicondylar Process, Hypocondylar Arch and Occipital Horn Syndrome)

Definition: Morphological variations and anomalies of the craniovertebral region.

ICD9/ICD10: 756.0 /Q75.0 Syndrome Associations (Appendix)
None

Birth prevalence: 1/10–1/300

Associated anomalies: none

Laboratory studies: radiographs, 3D-CT, MRI, gene 
sequencing, genomic microarray

Prenatal diagnosis: none

Cause: unclear

Paracondylar and Epitransverse Process: The paracon-
dylar process is a rare osseous projection arising at the cervico-
occipital region that belongs to a large and heterogenic group of 
developmental abnormalities of the craniovertebral junction.1 
Anatomically it is described as a broad-based cone-shaped 
bony mass arising medially to the mastoid process that projects 
down from the posterolateral aspect of the occipital condyle 
toward the transverse process of the atlas. The paracondylar 
process can extend downward from the jugular process of the 
occipital base to meet a so-called epitransverse process, which is 
an irregular exostosis extending upward from the correspond-
ing transverse process, resulting in a pseudoarthrosis.

These are typically asymptomatic anatomic variants that 
are visible primarily on computed tomography. They can be 
detected by MRI when evaluating individuals complaining of 
headache, neck pain, and/or limited range of motion.2 They 
are generally of no significance, but they have been reported 
in children with hemifacial microsomia. A paracondylar pro-
cess is found to be present in 0.29–8 percent of all human skulls 
depending on the screening method.2,3 Although almost always 
asymptomatic, there are few case reports of craniovertebral 
fusion or a symptomatic paracondylar process articulating with 
an epitransverse process that caused occipitocervical pain. They 
can also become symptomatic after head trauma, causing head-
ache and/or cervical pain.4 Resection of the paracondylar pro-
cesses has been reported to completely relieve the related pain.5

Hypocondylar Arch: During early development, a hypocon-
dylar arch ventral to the developing vertebral body is found on 
each vertebral segment. They all disappear at birth with the 
exception of C1, which forms the anterior arch of the atlas. The 
hypocondylar arch may be retained after birth and be consid-
ered a manifestation of an occipital vertebra. If such is the case, 
it is situated extracranially at the anterior margin of the fora-
men magnum, where it forms a more or less complete arch.

Occipital Horn: Occipital horns consist of bony protuber-
ances situated on both sides of the foramen magnum and 
pointing caudad (Fig. 5.22.1). They have been described in 

individuals with obstructive uropathy as part of the Occipital 
horn syndrome, formerly known as Ehlers-Danlos type IX and 
caused by mutation in ATP7A, the gene encoding a copper 
transporting ATPase.6,7 Menkes disease is an X-linked disor-
der of copper metabolism caused by mutations in the ATP7A 
gene. Whereas most of the patients exhibit a severe classical 
form, about 9% of the patients exhibit a milder form. The mild-
est form is called Occiptal horn syndrome. Mutations in the 
ATP7A gene can be identified in 95-98% of the Menkes disease 
patients by standard screening techniques. Investigation of 
RNA isolated from the fibroblasts of 11 patients with no iden-
tified mutations was performed and revealed inclusion of new 
pseudo-exons into the ATP7A mRNA from three unrelated 
patients: two patients with Occipital horn syndrome and one 
patient with classical Menkes disease.8

Fig. 5.22.1 Schematic of the bony exostoses of the inferior occiput (arrow) seen 
in the Occipital horn syndrome (Ehlers-Danlos type IX).
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6 | FACIAL BONES

KAREN GRIPP

inTRoDUcTion

Humans are very adept at recognizing one another. This ability 
is largely based upon the identification of faces. The unique-
ness of each human face, with the possible exception of mono-
zygotic twins, allows for identification and recognition of an 
individual, with deeper implications in human interaction 
and, more importantly, in social functioning. The recogni-
tion of an individual face, whose combination of features are 
remembered as belonging to a certain person, may be com-
pared to the recognition of a syndrome diagnosis based on 
certain characteristics of the facial structures. The shape of 
individual facial structures can be recognized, but the com-
bination of findings may lead to the identification of the facial 
“gestalt” that might be associated with a genetic syndrome.

On a more formal level, anthropometric measurements of 
facial structures may be taken, and profiles of these measure-
ments can be constructed. Facial indexes such as those devel-
oped by Blumenbach and Camper in the eighteenth century 
demonstrate the fascination that the facial bones provoked in 
early “dysmorphologists.” Attempts to objectively recognize the 
abnormal from the normal facial appearance have led to the 
development of dysmorphic indexes.1 Today, computer-driven 
facial recognition uses the correlation of these measurements 
to identify individual faces or to identify a pattern known to 
be characteristic for a specific syndrome. Based on consistent 
patterns of age-dependent growth and maturation of facial 
structures, facial photographs may be manipulated in order to 
predict the changes that will occur with age.

The human facial form results from the interaction between 
the skeletal and soft tissue elements. The skeletal framework 
provides the structural support of the face and is largely 
responsible for size, shape, and proportions of each facial 
feature. Anomalies such as cyclopia or proboscis are clearly 
associated with structural abnormalities of the facial skeleton; 
however, more subtle facial anomalies may be identifiable only 
on facial radiographs or other imaging studies. Consistent dif-
ferences in the facial bony structures may underlie the charac-
teristic facial findings that would allow syndrome recognition.

The face may be conveniently divided into thirds—the 
upper, middle, and lower—delimited by horizontal planes 
passing through the pupils of the eyes and the rima oris. The 
three parts correspond generally to the embryonic frontonasal, 
maxillary, and mandibular processes, respectively. The upper 
third of the face is predominantly of neurocranial composition. 

The middle third is skeletally complex, composed in part of the 
cranial base, and involves both the nasal extension from the 
upper third of the face (frontonasal process) and the maxillary 
processes from the first branchial arch. The lower third is com-
posed skeletally of the mandible.

Although these three segments develop through similar 
embryologic processes, their individual origins differ. The 
form of the facial bones is not as dependent on brain devel-
opment as are the calvarial bones. Anencephaly, for example, 
presents with no calvarial bones but relatively good formation 
of the cranial base and skeletal facial structures. The various 
facial bones are derived as portions of the neurocranium, 
chondrocranium, or viscerocranium. These skeletal elements 
have neural crest or paraxial mesodermal origins.

The chondrocranium is the cartilaginous precursor of the 
cranial base and the capsules surrounding the nasal and audi-
tory organs. The base of the skull becomes part of the neuro-
cranium, the bony tissue that surrounds the brain. The cranial 
base ossifies endochondrally, while the vault undergoes intra-
membranous ossification.

The viscerocranium is comprised of neural crest–derived 
bones of the jaws (maxilla and mandible) as well as the 
zygoma, part of the temporal bone, nasal, and lacrimal bones. 
The teeth, with the exception of their enamel, which is ectoder-
mally derived, are also comprised of neural crest cells.

A N AT O M I C A L  E M B RY O L O G Y

All of the facial bones and connective tissue, including the 
middle ear ossicles, are derived from neural crest cells that 
migrate to the region from the edges of cranial neural folds 
during the fourth week of development. These crest cells arise 
from prosencephalic and mesencephalic regions of the neural 
tube that do not express HOX genes.4,5 Absence of this gene 
expression is essential for development of the face, jaws, brain 
case, and forebrain. Patterning of the crest cells with respect 
to the size, shape, and position of all of the bones of the face is 
regulated by cranial-most regions of gut endoderm, including 
the first pharyngeal pouch.

M O L E C U L A R  E M B RY O L O G Y

Generation and survival of neural crest cells is dependent upon 
dynamic interactions of the FGF, WNT, and BMP signaling 
pathways, with the latter including the secreted BMP antagonists 
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chordin and noggin.6,7 The epithelial to mesenchymal transi-
tion that generates neural crest cells requires modulation of 
cadherins. This is mediated, in part, by the transcriptional 
repressors ZEB2, SNAI1, and SNAI2.8 Chd7 is expressed in the 
neural crest mesenchyme and, while the mechanism is not fully 
elucidated, its gene product is thought to regulate expression 
programs associated with multipotency and migration.9 TBX1, 
a TBOX family transcription factor located within the 22q11.2 
domain, appears to be important in regulatory signaling 
between the pharyngeal surface ectoderm and adjacent migrat-
ing neural crest cells.10 Once established, the proliferation of 
neural crest cells in the facial primordia is regulated in multiple 
ways. For example, early midfacial development is driven by a 
series of signaling interactions between the neuroectoderm of 
the ventral forebrain, the surface ectoderm, and the interven-
ing neural crest–derived mesenchyme.11,12 SHH expression in 
the neuroectoderm drives proliferation of adjacent mesenchy-
mal cells through the FOX transcription factors.13

REFERENCES

 1. Escobar LF, Bixler D, Padilla LM: Quantitation of craniofacial anomalies 
in utero: fetal alcohol, Crouzon syndromes and Thanatophoric dysplasia. 
Am J Med Genet 45:25, 1993.

 2. Friede H: Normal development and growth of the human neurocranium 
and cranial base. Scand J Plast Reconstr Surg 15:163, 1981.

 3. Lavelle, CL:  An analysis of foetal craniofacial growth. Ann Hum Biol 
1:269, 1974.

 4. Trainor PA: Making headway: the roles of hox genes and neural crest cells 
in craniofacial development. ScientificWorldJournal 3:240, 2003.

 5. Couly G, Creuzet S, Bennaceur S, et al.: Interactions between Hox-negative 
cephalic neural crest cells and the foregut endoderm in patterning the 
facial skeleton in the vertebrate head. Development 129:1061, 2002.

 6. David NB, Saint-Etienne L, Tsang M, et al.: Requirement for endoderm and 
FGF3 in ventral head skeleton formation. Development 129:4457, 2002.

 7. Barembaum M, Bronner-Fraser M: Early steps in neural crest specifica-
tion. Semin Cell Dev Biol 16:642, 2005.

 8. Cordero DR, Brugmann S, Chu Y, et  al.:  Cranial neural crest cells on 
the move:  their roles in craniofacial development. Am J Med Genet A 
155A:270, 2011.

 9. Baipai R, Chen DA, Rada-Iglesias A, et al.: CHD7 cooperates with PBAF 
to control multipotent neural crest formation. Nature 463:958, 2010.

 10. Papangeli I, Scambler P: The 22q11 deletion: DiGeorge and velocardio-
facial syndromes and the role of TBX1. Wiley Interdiscip Rev Dev Biol 
2:393, 2013.

 11. Hu D, Marcucio RS: A SHH-responsive signaling center in the forebrain 
regulates craniofacial morphogenesis via the facial ectoderm. Development 
136:107, 2009.

 12. Foppiano S, Hu D, Marcucio RS: Signaling by bone morphogenetic pro-
teins directs formation of an ectodermal signaling center that regulates 
craniofacial development. Dev Biol 312:103, 2007.

 13. Jeong J, Mao J, Tenzen T, et  al.: Hedgehog signaling in the neural crest 
cells regulates the patterning and growth of facial primordial. Genes Dev 
18:937, 2004.

6.1 MeToPic sYnosTosis

(Metopic Craniosynostosis, Premature Fusion of the Metopic Suture, Trigonocephaly)

Definition: Premature fusion of the metopic suture resulting in prominence of the fused suture and a triangular protrusion of 
the forehead termed trigonocephaly.

ICD9/ICD10: 756.0/Q75.0 Syndrome Associations (Appendix)
Baller-Gerold (RECQL4)
Baraitser-Winter (ACTB, ACTG1)
Bohring-Opitz (ASXL1)
Opitz C (CD96)
Fryns-Aftimos
Greig cephalopolysyndactyly (GLI3)
Saethre-Chotzen (TWIST1)
Muenke (FGFR3)
Chromosome deletions (22q11.2, 9p, 9q22.3, 11q23-qter, 
others)
Prenatal valproic acid exposure
Prenatal hydantoin exposure

Birth prevalence: 1/700- 1/15,000

Associated anomalies: upslanting palpebral fissures, 
epicanthal folds, ocular hypotelorism, supraorbital 
retrusion

Laboratory studies: CT, genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasound

Cause: isolated/idiopathic, intrauterine constraint, 
chromosomal, Mendelian (AD), teratogenic

Premature fusion of the metopic suture results in deformation 
of the anterior cranial fossa into a triangular shape.1 The tri-
angular prominence of the forehead is called trigonocephaly. 
Adjacent structures are affected by the deformation, resulting 
in ocular hypotelorism, epicanthal folds, and upslanting palpe-
bral fissures (Fig. 6.1.1). The occiput may become prominent 
due to compensatory expansion to accommodate the growing 
brain. Because the physiologic metopic suture closure occurs 

between three and nine months of age, premature fusion pres-
ents only in early infancy.2 The spectrum of facial morphol-
ogy associated with metopic synostosis is broad, from minor 
prominence of the forehead to severe aesthetic deformity.

In isolated metopic synostosis, associated abnormalities 
are limited to the adjacent structures.3 In contrast, in syndro-
mal cases other organ systems show abnormalities. In cranio-
synostosis syndromes resulting from single gene mutations or 
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deletions, such as Saethre-Chotzen syndrome or FGFR-related 
syndromes, the hands and feet often show distinctive abnor-
malities allowing a clinical diagnosis. In these autosomal dom-
inant craniosynostosis syndromes with variable expressivity, a 
positive family history may contribute to the differential diag-
nosis. Targeted sequencing of the suspected disease-causing 
gene can be performed.4,5 With an underlying chromosome 
deletion, multiple anomalies may be present, and growth 
and cognitive development are typically affected. Syndromal 
conditions may show other distinctive findings, such as post-
axial polydactyly and rhizomelic shortening in Bohring-Opitz 
syndrome.

Metopic synostosis historically constituted 4–10 percent of 
craniosynostosis cases. In a recent study of all craniofacial cen-
ters in the Netherlands, metopic synostosis accounted for 20 per-
cent of all synostosis during 1997–2000 and 27 percent during 
2001–2007. The incidence was 1/5,000.6 There is a clear male 
preponderance, with a male to female ratio between 2:1 and 
6.5:1. Lajeunie et al. noted a ratio of 3.3:1 in a series of 237 cases.7

Treatment: Early surgical intervention improves the growth 
of the facial skeleton.8 Orbital advancement may be neces-
sary to restore a normal brow contour. Following these proce-
dures, hypotelorism tends to disappear clinically and diminish 
radiographically.

Prognosis: The cosmetic outcome is generally good. The 
underlying syndromic etiology may affect other organ sys-
tems, and prognosis in this regard depends on the specific 
cause. While the majority of patients have IQ scores within the 
normal range, in a study of 82 individuals with trigonocephaly 
9 percent had an IQ <70.9 As expected, extracranial anomalies 
were significantly correlated with lower IQ levels, suggesting an 
underlying diagnosis other than isolated metopic synostosis.
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A

B

Fig. 6.1.1 A. Preoperative right lateral, frontal, and top views of the craniofacies in a patient with isolated premature metopic synostosis. B. Right lateral, frontal, 
and top views of patient three months after surgical correction. Note the reduction of hypotelorism.

(FROM MARSH AND VANNIER 1985).10
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6.2 oRBiTal anD ocUlaR HYPoTeloRisM

Definition: Reduction of the interorbital or interpupillary measurement more than 2 SD below the mean for age.

ICD9/ICD10: 376.40/Q75.9 Syndrome Associations (Appendix)
Coffin-Siris (ARID1B, ARID1A, SMARCA4, SMARCB1, 
SMARCE1)
Holoprosencephaly (SHH, ZIC2, GLI2, PTCH1, 
SIX3, TGIF1)
Kallmann (KAL1, FGFR1, CHD7, PROK2, 
PROK2R, FGF8)
Langer-Giedion (del 8q24.11-q24.13, TRPS1)
Lymphedema with myelodysplasia (GATA2)
Meckel-Gruber (MKS1, TMEM216, CEP290, TMEM67, 
others)
Metopic synostosis
Oculodentodigital dysplasia (GJA1)
Smith-Lemli-Opitz (DHCR7)
Solitary median maxillary central incisor (SHH)
Pseudo-trisomy 13
Trisomy 13
Maternal phenylketonuria

Birth prevalence: 1/25–1/35

Associated anomalies: isolated, secondary to metopic 
synostosis or associated with holoprosencephaly

Laboratory studies: radiograph or CT; molecular testing 
for syndromal causes

Prenatal diagnosis: ultrasound, MRI

Cause: isolated, chromosomal, single gene mutations

Orbital and ocular hypotelorism encompass a spectrum of 
abnormalities ranging from mild reduction of the interorbital 
or interpupillary measurement to complete fusion of the orbits 
and eyes in the midline (cyclopia).1-3 Inner canthal measure-
ment is useful in the recognition of mild forms (Fig. 6.2.1).

While hypotelorism may be an isolated feature reflect-
ing one end of the spectrum of continuous variation in facial 
structure, associated anomalies should be sought.4 Because 
orbital hypotelorism is consistently found in association with 
holoprosencephaly, this possibility should be considered  
(Fig. 6.2.2).5 Absence of the upper frenulum and a single upper 
medical incisor are subtle signs present in healthy carriers of 
mutations predisposing to holoprosencephaly. Hypotelorism is 
typically seen in patients with metopic synostosis (Entry 6.1). 
Syndromal conditions can present with hypotelorism, includ-
ing those with midline clefting and chromosomal abnormali-
ties such as trisomy 13.

Treatment: If hypotelorism is secondary to metopic syn-
ostosis, surgical repair may correct the hypotelorism.6 Mild 

hypotelorism does not affect vision and does not require surgi-
cal correction.

Prognosis: Prognosis depends on the underlying cause for 
the hypotelorism. In isolated hypotelorism the prognosis is 
excellent.

REFERENCES

 1. Burns NS, Iyer RS, Robinson AJ, et al.: Diagnostic imaging of fetal and 
pediatric orbital anomalies. AJR Am J Roentgenol 201:W797, 2013.

 2. Hall BD, Graham JM Jr., Cassidy SB, et  al.:  Elements of morphol-
ogy: Standard terminology for the periorbital region. Am J Med Genet A 
149A:29, 2009.

 3. Feingold M, Bossert WH: Normal values for selected physical parameters: 
an aid to syndrome delineation. Birth Defects Orig Artic Ser X(13):1, 1974.

 4. Cohen MM Jr:  Malformations of the craniofacial region:  Evolutionary, 
embryonic, genetic and clinical perspectives. Am J Med Genet 115:  
245, 2002.

 5. Pineda-Alvarez DE, Solomon BD, Roessler E, et al.: A broad range of oph-
thalmologic anomalies is part of the holoprosencephaly spectrum. Am J 
Med Genet A 155A:2713, 2011.

 6. Maltese G, Tarnow P, Tovetjaern R, et al.: Correction of hypotelorism in 
isolated metopic synostosis. J Plast Surg Hand Surg 48:63, 2014.



Fig. 6.2.1 Standard curves for outer canthal, inner canthal, and interpupillary measurements. Data from a study population of 2403 newborns to children 14 years 
of age (56% male, 44% female; 2006 white, 206 black, 43 Asian). (From Feingold and Bossert.3)
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6.3 oRBiTal anD ocUlaR HYPeRTeloRisM

(Widely Spaced Eyes)

Definition: Increase of the interorbital or interpupillary measurement greater than 2 SD above of the mean for age.

ICD9/ICD10: 376.41/Q75.2 Syndrome Associations (Appendix)
Aarskog-Scott (FGD1)
Cleidocranial dysplasia (RUNX2)
Craniofrontonasal (EFNB1)
Coffin-Lowry (RPS6KA3)
Donnai-Barrow (LRP2)
Frontonasal dysplasia (ALX1, ALX3, ALX4)
Gorlin (PTCH1)
Greig cephalopolysyndactyly (GLI3)
Noonan, other rasopathies (multiple genes)
Opitz hypertelorism-hypospadias (MID1)
Otopalatodigital 2 (FLNA)
Robinow (ROR2, WNT5A)
Sotos (NSD1)
Teebi
Weaver (EZH2)
Trisomies 13, 22
Wolf-Hirschhorn (del 4p)
Pallister-Killian (tetrasomy 12p)

Birth prevalence: 1/25–1/30

Associated anomalies: bifid nose, widow’s peak

Laboratory studies: radiograph or CT, molecular testing 
for syndromal etiologies

Prenatal diagnosis: ultrasound, MRI

Cause: isolated, chromosomal, Mendelian (AR, AD, XL)

Fig. 6.2.2 Hypotelorism associated with holoprosencephaly, absent nasal structures, and median cleft in trisomy 13 (left). At right is an infant with cyclopia and 
proboscis. (Courtesy of Dr. Will Blackburn and Nelson Reede Cooley, Jr.)
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Ocular hypertelorism is the increased space between the 
eyes as determined by interpupillary measurement (see 
Fig. 6.2.1).1-3 Ocular hypertelorism is typically due to orbital 
hypertelorism, the excessive separation of the medial walls of 
the bony orbits, with the interorbital measurement exceed-
ing 2 SD above the mean.1 Diagnosis of orbital hypertelorism 
requires radiologic studies to confirm a wide separation of the 
orbits. In contrast, telecanthus indicates increased measure-
ment between the inner canthi. The eyes may or may not be 
widely spaced. Telecanthus results from lateral displacement 
of the inner canthi and lacrimal punctae, and may be mistaken 
for ocular hypertelorism.2

Ocular/orbital hypertelorism may be an isolated feature 
reflecting one end of the spectrum of continuous variation 
in facial structure, or it may be part of complex craniofacial 

malformations including median cleft face or syndromal con-
ditions (Fig. 6.3.1).4 Ocular/orbital hypertelorism can be seen 
in craniosynostosis syndromes, with a bifid nose in median 
cleft face, and rarely associated with a nasal encephalocele.5 
Because ocular hypertelorism can occur in numerous syndro-
mal conditions, a full evaluation of affected patients is indi-
cated and may result in a more specific diagnosis.

Treatment: Mild ocular/orbital hypertelorism does not 
affect vision and does not require surgical correction. Severe 
hypertelorism, particularly when associated with a bifid nose 
or other structural facial anomalies, may require plastic sur-
gical correction. Due to the complexity of surgery involving 
the face, eyes, and skull base, such procedures should be per-
formed in an experienced craniofacial center.

A

D E

B C

Fig. 6.3.1 Ocular hyperterlorism in an infant girl with bifid nose (A); in an infant girl with median cleft face (B); in a 26-month-old male with Aarskog  
syndrome showing triangular face, broad forehead, and widow’s peak (C); in a 9-year-old male without associated defects (D); and in an adult with  
frontonasal dysplasia showing broad nose and widow’s peak (E). (A and B courtesy of Dr. Charles I. Scott, Jr, A. I. duPont Hospital for Children,  
Wilmington, DE.)
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Prognosis: With isolated mild hypertelorism the progno-
sis is excellent. In more complex hypertelorism the progno-
sis depends on the underlying syndromic condition, and 
long-term follow up with a craniofacial team is necessary.
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6.4 ZYGoMaTic HYPoPlasia

Definition: Absence or hypoplasia of the zygoma, resulting in deficiency of the midface and orbital floor.

ICD9/ICD10: 738.12/Q87.0 Syndrome Associations (Appendix)
Ablepharon-macrostomia
Clavicular hypoplasia-zygomatic arch 
hypoplasia-micrognathia
Diamond- Blackfan anemia (multiple ribosomal 
protein genes)
Mandibulofacial dysostosis (POLR1A)
Mandibulofacial dysostoses-microcephaly (EFTUD2)
Miller (DHODH)
Nager (SF3B4)
Oculo-auriculo-vertebral spectrum
Oto-palato-digital I (FLNA)
Townes-Brocks (SALL1)
Treacher Collins (TCOF1, POLR1C, POLR1D)
del 22q11.2

Birth prevalence: 1/3,000 – 1/5,000

Associated anomalies: downslanting palpebral fissures, 
lower lid coloboma and ciliary agenesis, appearance of a 
small face with a prominent nose.

Laboratory studies: computer tomography, gene 
sequencing for syndromal forms, genomic microarray 
may be considered, hematology evaluation if 
Diamond-Blackfan anemia is suspected

Prenatal diagnosis: ultrasonography

Cause: syndromal, idiopathic/vascular in 
oculo-auriculo-vertebral spectrum disorder, chromosomal

Hypoplasia of the malar bones and zygomatic arches is usu-
ally recognizable by inspection of the underdevelopment of 
the cheekbones (Fig. 6.4.1).1 Radiologic studies are essential 

in evaluating the extent of the defect and in planning surgical 
intervention. The Waters radiologic view and 3D CT imaging 
demonstrate the deficiency of the malar bones and resulting 

A B C

Fig. 6.4.1 Frontal (A) and lateral (B) view of patient with hypoplasia of zygomatic bone. Frontal (C) view of 13-month-old female with Treacher Collins syndrome 
showing downslanting palpebral fissures, sagging (cleft) lower lids, and hypoplasia of the zygoma. (A and B from Jackson et al.7)
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deformation of the orbital shape. A notch or cleft in the zygo-
matic arch is characteristic of mandibulofacial dysostosis with 
microcephaly.2

Zygomatic hypoplasia does not occur as an isolated mal-
formation, but rather is the result of deficient growth and 
aberrant tissue interaction between several embryologic cra-
niofacial structures of the first branchial arch. Damage to the 
stapedial artery has been suggested to cause failure of migra-
tion of the neural crest cells, leading to deficient growth of the 
zygomatic structures.3 Vascular etiology is considered for the 
oculo-auriculo-vertebral spectrum. In contrast, in syndro-
mal conditions presenting with zygomatic hypoplasia, such as 
Treacher Collins syndrome and Diamond-Blackfan anemia, the 
hypoplasia may be a direct result of increased apoptosis caused 
by ribosomal dysfunction or defective splicing due to haplo-
insufficiency for EFTUD2, a component of the major spliceo-
some.4-6 For other conditions, such as ablepharon-macrostomia, 
the genetic cause and the mechanism resulting in the malfor-
mations has not yet been identified.7

Oculo-auriculo-vertebral spectrum disorder occurs in 1 in 
3,000 to 1 in 5,000 individuals with a slight male predominance 
(3:2), and in unilateral cases it is more likely to affect the right side. 
It occurs with increased frequency in monozygotic twinning and 
in pregnancies conceived with assisted reproductive techniques.8 
The incidence for other causes of zygomatic hypoplasia varies 
with the incidence for the respective syndromal condition.

Treatment: Evaluation and treatment through a cranio-
facial team is indicated, because planning of plastic surgical 

procedures needs to consider functional and aesthetic effect in 
the context of facial growth and maturation throughout child-
hood and adolescence.

Prognosis: Cosmetic outcome is influenced by the severity 
of hypoplasia and the plastic surgical approach. Overall out-
come for the patient is dependent upon the underlying cause 
or syndrome.
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6.5 aBsenT ManDiBle

(Agnathia)

Definition: Absence of the mandible.

ICD9/ICD10: 524.00/M26.09 Syndrome Associations (Appendix)
Agnathia-otocephaly complex (PRRX1)

Birth prevalence: <1/70 000

Associated anomalies: polyhydramnios, microstomia, 
cleft palate, ear position abnormality

Laboratory studies: genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography, MRI

Cause: syndromal with holoprosencephaly;  
chromosomal

The notable dysmorphia resulting from agnathia is easily 
recognizable upon inspection (Fig. 6.5.1). Severe soft tissue 
anomalies secondary to agnathia include microstomia and ear 
position abnormalities, with low positioned ears at times meet-
ing in the midline (synotia). Brain malformations, holoprosen-
cephaly in particular, may be associated with agnathia. In these 

cases, testing for mutations in the holoprosencephaly-related 
genes is indicated. Agnathia without holoprosencephaly may 
be even rarer. Respiratory tract, skeletal, cardiac, and genito-
urinary anomalies and situs inversus have been reported in 
patients with agnathia.
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Based on its expression pattern, the homeobox gene 
PRRX1 is a good candidate for this phenotype, and mutations 
have been identified in several unrelated patients.1-3 This is a 
very rare condition with no sex predilection.4

Treatment: Airway management and feeding problems need 
to be addressed.

Prognosis: This condition is almost always lethal.
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6.6 conGeniTal asYMMeTRY oF THe Facial sKeleTon

Definition: Quantitative discrepancy, usually in size, between the right and the left side of the facial skeleton.

ICD9/ICD10: 756.0/Q75.0, Q75.9 Syndrome Associations (Appendix)
Apert (FGFR2)
Craniofrontonasal (EFNB1)
Crouzon (FGFR2)
Mandibulofacial dysostoses-microcephaly (EFTUD2)
McCune-Albright (GNAS)
Muenke (FGFR3)
Oculo-auriculo-vertebral spectrum
Saethre-Chotzen (TWIST1)
Townes-Brocks (SALL1)

Birth prevalence: about 1/3000

Associated anomalies: craniosynostosis, narrow or 
stenotic external ear canal, vision abnormalities, bite 
asymmetry

Laboratory studies: computer tomography, gene 
sequencing for syndromal conditions, genomic 
microarray may be considered

Prenatal diagnosis: ultrasonography

Cause: idiopathic/vascular, Mendelian

Congenital asymmetry of the facial skeleton can result either 
from asymmetric bony development, as seen in oculoauriculo-
vertebral spectrum disorder, or as a deformation resulting from 
unilateral craniosynostosis, chiefly the coronal suture.1-3 These 
two main causes for congenital facial skeleton asymmetry can be 
differentiated clinically, with skull shape abnormalities and pro-
trusion of the contralateral forehead causing narrowing of the 
palpebral fissure seen in unicoronal synostosis and more strik-
ing asymmetry of the lower face in oculoauriculovertebral spec-
trum disorder, often in combination with epibulbar dermoids, 
preauricular skin tags, microtia, and vertebral, cardiac, and renal 
anomalies (Fig. 6.6.1). While management through a craniofacial 
team is recommended in both conditions, and hearing as well 
as ophthalmologic evaluations are indicated, other details of the 
evaluation and approach vary based on the underlying etiology.

Craniosynostosis is often syndromal, and genetic test-
ing can reveal the specific cause. In addition to the universal 

concerns for increased intracranial pressure, cognitive impair-
ment and structural cardiac and bony abnormalities depend 
upon the syndromal diagnosis. Patients with oculoauriculo-
vertebral spectrum should be evaluated for coexisting renal 
and cardiac anomalies. Recurrence risk in syndromal cranio-
synostosis is 50  percent for autosomal dominant conditions, 
whereas the recurrence risk for oculoauriculovertebral spec-
trum is much lower due to its typically nongenetic etiology.

Oculoauriculovertebral spectrum disorder occurs in 1 in 
3,000 to 1 in 5,000 individuals with a slight male predomi-
nance (3:2), and in unilateral cases it is more likely to affect the 
right side. It occurs with increased frequency in monozygotic 
twinning, in pregnancies of mothers with prepregnancy diabe-
tes, and in pregnancies conceived with assisted reproductive 
techniques.1,4 Coronal synostosis is estimated at about 1/2,100, 
with a female preponderance (2:1) and with unicoronal being 
more common than bicoronal.5

Fig. 6.5.1 Infant with agnathia without holoprosencephaly.
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Treatment: Evaluation and treatment through a cranio-
facial team is indicated, because planning of plastic surgical 

procedures needs to consider functional and aesthetic effect in 
the context of facial growth and maturation throughout child-
hood and adolescence.

Prognosis: Cosmetic outcome is influenced by the cause for 
and the severity of the facial asymmetry, as well as the surgical 
approach. Overall outcome for the patient is dependent upon 
the underlying cause or syndrome.
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6.7 MicRoGnaTHia

(Mandibular Hypoplasia)

Definition: Reduction in mandibular size, which should be differentiated from retrognathia with a posteriorly-positioned 
normal size mandible.

ICD9/ICD10: 524.00/M26.09, Q87.0 Syndrome Associations (Appendix)
Campomelic dysplasia (SOX9)
Catel-Manzke
Cerebrocostomandibular
Diamond-Blackfan anemia (multiple ribosomal 
protein genes)
Mandibulofacial dysostoses-microcephaly (EFTUD2)
Mandibulofacial dysostosis (POLR1A)
Miller (DHODH)
Nager (SF3B4)
Oto-palato-digital I (FLNA)
Progeria (LMNA)
Stickler (COL2A1, COL11A1, COL1A2)
TARP (RBM10)
Townes-Brocks (SALL1)
Treacher Collins (TCOF1, POLR1C, POLR1D)
del 22q11.2

Birth prevalence: 1/100

Associated anomalies: cleft palate

Laboratory studies: gene sequencing for syndromal 
conditions, genomic microarray may be considered

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian, fetal 
compression

Mandibular hypoplasia is a common malformation, and mild 
forms can easily be missed or mistaken for retrognathia.1 More 
severe forms are medically significant and can be diagnosed 
clinically (Fig. 6.7.1). Imaging studies may be indicated for 
treatment planning. Mandibular hypoplasia can induce other 

malformations, as seen in Pierre-Robin sequence. The small 
mandible keeps the tongue in a posterior location, impair-
ing the closure of the posterior palatal shelves in the mid-
line, resulting in a cleft palate and glossoptosis. Pierre-Robin 
sequence, like mandibular hypoplasia, may be an isolated 

Fig. 6.6.1 Facial asymmetry in a 31-month-old male with hemifacial microsomia.
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occurrence or part of numerous malformation syndromes, 
most commonly in Stickler and 22q11.2 deletion syndromes. 
If the midface is hypoplastic as well, mandibulofacial dysosto-
ses need to be considered. In rare instances micrognathia can 
result from intrauterine compression, as seen in oligohydram-
nios. Such deformation often resolves spontaneously through 
catch-up growth postnatally.

Treatment: The need for treatment depends on the sever-
ity of the malformation and its impact on the airway. 
Distraction osteogenesis has been used successfully in very 
young infants and may alleviate the need for a tracheotomy or 
allow for decannulation in tracheotomy-dependent patients.2 
Orthognathic surgery may be necessary in older individuals, 

preferably in mid to late adolescence, depending upon the 
dental and bone age.

Prognosis: Cosmetic and functional outcome are typically 
good with isolated micrognathia or Pierre-Robin sequence. 
When micrognathia is syndromal, the underlying syndrome 
diagnosis affects the overall outcome for the patient.
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Fig. 6.7.1 Mild micrognathia in a 12-year-old male with MPS 1-H/I-S compound (A), moderate micrognathia in an infant with cerebrocostomandibular syndrome (B 
and C), and severe micrognathia associated with radial reduction defects in a 5-year-old boy with Nager syndrome (D). (B and C courtesy of Dr. Charles I. Scott, Jr, 
A. I. duPont Hospital for Children, Wilmington, DE.)
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6.8 MiDFace ReTRUsion anD HYPoPlasia

(Flat Midface, Malar Flattening)

Definition: Posterior positioning (retrusion) or underdevelopment (hypoplasia) of the midface, resulting in a concave facial 
profile.

ICD9/ICD10: 744.9/Q87.0 Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Apert, Crouzon (FGFR2)
Pfeiffer (FGFR1, FGFR2)
Raine (FAM20C)
Rieger (PITX2, FOXC1)
Saethre-Chotzen (TWIST1)
Schinzel-Giedion (SETBP1)
Stickler (COL2A1, COL11A1, COL1A2)
Turner (45,X)
Trisomy 21
del 22q11.2

Birth prevalence: unknown

Associated anomalies: nasal airway obstruction

Laboratory studies: computed tomography, gene 
sequencing for syndromal conditions, genomic 
microarray may be considered

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian

Apparent underdevelopment or posterior positioning of the 
midface results in a flat appearance of the inferior portion 
of the orbits and the maxilla, causing a semilunar or concave 
appearance of the midface on the craniofacial profile (Fig. 
6.8.1). Malar flattening is the preferred term for this finding, 
as stated in the standard terminology for the head and face.1 
While some patients have isolated hypoplasia of the maxilla 
as a hereditary trait, the majority have maxillary hypoplasia in 
the context of a congenital anomaly syndrome. Notably, cra-
niosynostosis syndromes affect facial structures, and midfacial 
retrusion is often seen, likely resulting from premature closure 

of the spheno-occipital synchondrosis.2,3 In patients with cleft 
lip and palate, midfacial hypoplasia is often seen, likely result-
ing from the congenital anomalies as well as the surgical pro-
cedures to correct them. Associated anomalies include effects 
on the nasal airway and can result in feeding difficulties in 
infants.

Treatment: Treatment is surgical, and evaluation and 
long-term follow up through a craniofacial team is suggested 
for optimal outcome. Midface distraction osteogenesis is typi-
cally used, at times in combination with a LeFort III osteotomy.4

A B

Fig. 6.8.1 Preoperative (A) and postoperative (B) profile of patient with midface retrusion. (From Ortiz-Monasterio and Musolas, World J Surg 13:410, 1989.)
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Prognosis: Functional outcome is typically good. Cosmetic 
outcome depends upon the surgical correction. Overall out-
come for the patient is dependent upon the underlying cause 
or syndromal diagnosis.
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6.9 MiDline Facial cleFTinG

(Midline Facial Skeletal Clefting, Anterior Cranium Bifidum)

Definition: Sagittal fissure of the bony structures in the facial midline, resulting from failed fusion of the facial processes dur-
ing embryologic development.

ICD9/ICD10: 756.0/Q75.8 Syndrome Associations (Appendix)
Craniofrontonasal (EFNB1)
Frontofacionasal dysplasia
Frontonasal dysplasia (ALX1, ALX3, ALX4)
Greig (GLI3)
Oculo-auriculo-vertebral spectrum
Oto-palato-digital type II (FLNA)

Birth prevalence: rare

Associated anomalies: hypertelorism, wide nasal root, 
widow’s peak

Laboratory studies: computer tomography, gene 
sequencing for syndromal conditions

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

Severe midline facial clefting is generally obvious because of 
hypertelorism and broadening of the nasal root, often in com-
bination with a widow’s peak (V-shaped prolongation of the 
anterior hairline onto the forehead in the midline). An enceph-
alocele may be present, either in combination with true mid-
line clefting or in an otherwise normally formed facial skeleton 
(Fig. 6.9.1). Ocular hypertelorism can occur in isolation or as 
a syndromal finding, and it must be differentiated from mild 

midline facial clefting. While ocular hypertelorism is relatively 
common, midline facial clefting is a very rare anomaly. Facial 
clefting has been categorized by Tessier (Table 6.9.1), and this 
classification was further reviewed by David et al.1,2

Three-dimensional CT reconstruction is typically used to 
define the extent of the anomaly and to plan surgical repair. In 
addition to a clear definition of the anatomic changes affecting 
the face and skull, a detailed evaluation for associated malfor-
mations and dysmorphic findings is indicated, because severe 
midline facial clefting is often of syndromal origin. A review of 
the family history may be contributory, as craniofrontonasal 
dysplasia is an X-linked trait with more severe presentation in 
females, and parietal foramina may occur in patients with an 
ALX4 mutation causing midline facial clefting.3,4

Treatment: Evaluation and treatment through a craniofacial 
team is indicated, because planning of plastic surgical proce-
dures needs to consider functional and aesthetic effect in the 
context of facial growth and maturation throughout childhood 
and adolescence. Extracranial anomalies should be searched 
for and addressed as needed.

Prognosis: Cosmetic outcome is influenced by the severity of 
the facial clefting, as well as the surgical approach. Overall out-
come for the patient is dependent upon the underlying cause 
or syndrome.

Fig. 6.9.1 Ten-month-old female with frontoethmoidal meningoencephalocele. 
She was exposed prenatally to hydantoin and had a unilateral constriction ring 
of the arm and nail hypoplasia.
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TABLE 6.9.1  Facial Bone abnormalities in Midline Facial clefts

TessieR1 

TYPe

0 Keel-shaped maxillary alveolus, reduction of median and paramedian midfacial height, thickening of the nasal septum, broad and flat 
maxilla, orbital hypertelorism, widening of anterior cranial fossa

1 Clefting of the maxilla with or without cleft palate, maxillary hypoplasia, flattening of the nasal dorsum, asymmetry of the ptyrigoid 
plates, keel-shaped alveolus

2 Alveolar cleft that extends to soft and hard palate, deviation of the nasal septum

3 Deviation of the nasal septum, no septation between nasal cavity and the cleft side of the maxilla, cleft extending to the medial portion 
of the orbital floor and into the inferior orbital rim, orbit and anterior cranial fossa inferiorly displaced

4 Palatal cleft from the maxilla to the infraorbital foramen, medial septation separating the nasal cavity from the orbit, maxillary sinus and 
mouth present

5 From narrow to broad cleft of the maxilla to the infraorbital foramen and maxillary sinus, cleft entering the inferolateral orbital rim

12 Flattening of the frontal process of the maxilla, orbital hypertelorism, flattening of the frontal bone, obtuse nasofrontal angle

13 Bony cleft beginning in the region of the nasal bone and extending superiorly through the full height of the frontal bone. Posteriorly, 
cleft extends through the cribiform plate and ethmoid sinus as far as the lesser wing and body of the sphenoid.

14 Median frontal cleft defect sometimes with herniation of a frontal encephalocele, flattened glabella, shortening of the anterior dimension 
of the middle cranial fossa

Tessier types 6–11 involve regions other than the craniofacial midline. Therefore, they are not included here. Further information is given by David et al.2
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7 | SKIN, HAIR, AND NAILS

MARY BETH PALKO DINULOS*

inTrOdUCTiOn

The skin is a highly complex organ composed of many differ-
ent structures and cell types. Developmental abnormalities 
may be isolated to the skin or associated with structural anom-
alies of the underlying tissues and syndromes involving other 
organ systems. Congenital anomalies arise when normal skin 
development is disrupted by genetic mutations or teratogenic 
agents. To begin to understand these malformations, a basic 
knowledge of cutaneous structure and morphogenesis is nec-
essary (Fig. 7.I.1). Identification of many of the gene mutations 
associated with inherited cutaneous diseases in recent years 
has improved our understanding of the molecular basis of skin 
development.1

A N AT O M I C A L  E M B RY O L O G Y

The skin is the largest organ of the body and is comprised of 
a superficial layer, the epidermis derived from ectoderm, and 
a deeper layer, the dermis derived from mesenchyme. At the 
beginning of the second month, the ectoderm layer generates 
a new surface layer called the periderm or epitrichium. Next, 
an intermediate zone is created from the original ectoderm 
layer, and finally, by four months, four definitive layers of 
the skin are present: (1) basal (germinative) layer that forms 
ridges responsible for fingerprints; (2) spinous layer, contain-
ing tonofibrils; (3)  granular layer, containing keratohyalin 
granules; and (4)  horny layer, forming the tough, scale-like 
surface packed with dead cells containing keratin. In the first 
three months, neural crest cells invade the epidermis and syn-
thesize melanin, which they transfer intercellularly to kerati-
nocytes of the skin and hair buds to provide pigmentation to 
these structures.

Dermis is derived from three sources of mesen-
chyme: (1) lateral plate mesoderm for dermis in the limbs and 
body wall, (2) paraxial mesoderm for dermis of the back, and 
(3) neural crest cells for dermis in the face and neck. This early 
mesenchyme is called the corium that forms dermal papillae 
extending into the epidermis. Most of these papillae contain 
either a small capillary or a sensory nerve ending. The subco-
rium layer contains large amounts of fat.

Hair is derived from the germinative layer of the epider-
mis. Hair buds invaginate to penetrate the dermis and form 

hair papillae that receive vessels and nerve endings. Cells in 
the center of the buds become keratinized and form hair shafts, 
while cells on the outside give rise to hair sheaths. Dermal 
root sheaths are formed from surrounding mesenchyme, 
as are smooth muscles (arrector pili muscles) that are usu-
ally attached to these sheaths. By the end of the third month, 
cells at the base of the hair shaft proliferate and the first hairs 
appear, usually in the region of the upper lip and eyebrows. 
Sebaceous glands arise from small buds in the wall of the hair 
follicle. Hair color is derived from melanosomes transferred 
from neural crest cells to keratinocytes in the hair bulb.

At the end of the third month, thickenings in the epider-
mis form primary nail fields located near the tips of the fin-
gers and toes. From this position, nail field cells migrate to the 
dorsal side of each digit. A  shallow depression for each nail 
is created by proliferation of surrounding tissue. Meanwhile, 
proliferation of the nail fields proximally gives rise to the nail 
root, which then causes differentiation of the epidermis into 
the fingernails and toenails. Nails do not reach the tips of the 
digits until the ninth month.

M O L E C U L A R  E M B RY O L O G Y

Expression of the transcriptional regulator p63 in the surface 
ectoderm is one of multiple factors that stimulate epidermal 
development. Differentiation into the four definitive cutane-
ous layers is orchestrated, in part, by the p63 regulated sequen-
tial expression of different NOTCH ligands, receptors, and 
effectors.2 Additionally, p63 coordination of NOTCH signaling 
pathways and a number of growth factors (e.g., TGF-α) play 
a regulatory role in the maintenance of skin progenitor cells 
and epidermal proliferation.3 Differentiation and migration 
of neural crest–derived melanocyte precursor cells is depen-
dent upon both expression of KIT and EFNB receptors and 
the cross-regulatory interactions of MITF, SOX, and PAX tran-
scription factors.4,5 Differentiation of the dermatomyotome 
into dermis is dependent on the transduction of WNT signals 
from the overlying ectoderm.6

The initial induction of hair placodes, the precursors of 
hair follicles, requires WNT/CTNNB1 signaling. Subsequent 
placode growth is promoted by EDA and BMP signal-
ing. Proliferation of the follicular epidermis and epidermal 
germ cells is dependent upon SHH signaling through the 

* Acknowledgement is made to Julie S. Prendiville, who authored the chapter in Edition 2 of Human Malformations and Related Anomalies on which this revision 
is based.
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transcription factor GLI2. Cytodifferentiation of the hair shaft 
involves NOTCH, BMP, and WNT signaling.7

A number of similarities exist between the molecular mech-
anisms that underlie nail and hair development. Induction of 
the nail placode requires WNT signaling between the epi-
dermis and adjacent mesenchyme. Signaling through factors 
including WNT10A, FZD6, and RSPO4 appears to drive the 
expression of keratins, a major cytoskeletal component of the 
differentiated nail plate.8
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Fig. 7.I.1 Schematic figure showing features of normal skin.
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7.1 aPlaSia CUTiS COnGeniTa

(Cutis Aplasia, Congenital Absence of Skin)

Definition: Congenital absence of the skin in a localized or widespread area.

ICD9/ICD10: 701.8/Q84.8 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, RBPJ, DOCK6, EOGT)
Oculocerebrocutaneous
Oculoectodermal
Johanson-Blizzard (UBR1)
Scalp-ear-nipple (KCTD1)
Trisomy 13
del 4p
Prenatal methimazole exposure

Birth prevalence: 1/3,000–1/10,000

Associated anomalies: CNS, skeletal, cardiac, ocular, 
dental

Laboratory studies: cranial MRI, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography unreliable, no 
biochemical markers

Cause: Mendelian (AD, AR), chromosomal, 
environmental

Aplasia cutis congenita (ACC) occurs most commonly as a 
single lesion on the scalp vertex (Fig. 7.1.1).1,2 The defect may 
be limited to the epidermis or involve multiple skin layers. 
Multiple lesions may be present and are usually close to the 
parietal hair whorl. The underlying bone may be absent in up 
to 30 percent of patients. Larger lesions are likely to involve the 
bone, placing infants at risk for central nervous system compli-
cations such as meningitis. When an intact calvaria cannot be 
adequately evaluated by palpation, an MRI of the scalp should 
be performed to exclude underlying CNS involvement. A hair 
collar surrounding ACC may also be present. Additional skin 
findings may include epidermal nevus (verrucous plaque) or 
nevus sebaceous (yellow-orange plaque) in close proximity to 
the defect, blistering of the skin or mucous membranes with 
skin fragility, and abnormal nails. Aplasia cutis congenita, as 
single or multiple lesions, can also occur on the trunk and 
limbs. ACC may overlay other anomalies such as neural tube 
defects, abdominal malformations, or cranial malformations. 

ACC must be differentiated from infections such as herpes 
simplex virus and varicella.

ACC may occur as an isolated defect or in association 
with other malformations (Fig. 7.1.2). A classification scheme 
for ACC has been proposed and is shown in Table 7.1.1.3,4 
Terminal transverse limb defects (reductions, syndactyly, nail 
dystrophy) may occur in Adams-Oliver syndrome.

A distinctive form of ACC is seen on the lateral sides of 
the trunk in the twin survivor of an intrauterine fetal death. 
A  fetal papyraceus may be evident at birth. The etiology 
is unknown but is thought to be related to placental infarc-
tion. Gastrointestinal abnormalities and other developmental 
defects may be present in some cases.

Treatment: Treatment of ACC depends upon the location, 
extent, and depth of the lesion(s). Conservative manage-
ment, including local wound care with daily dressing changes, 
is recommended for small, shallow scalp lesions. Surgical 

Fig. 7.1.1 Left: single midline circular lesion of aplasia cutis congenita. The patient’s twin sister had a similar lesion. Middle and right: bilateral areas of aplasia cutis 
congenita of the posterior parietal area in a newborn infant and an adult. At birth, the defects are circular, well circumscribed, and covered with a thin membrane. 
In adult life, the lesions appear well healed, with opaque, hairless scars.
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intervention may be required for large, full-thickness scalp 
defects, as they are prone to complications of hemorrhage, 
infection, and sagittal sinus thrombosis.4 Truncal or limb 
defects usually epithelialize and form atrophic scars, which can 
later be surgically revised if necessary.

Prognosis: Among infants with isolated ACC, the mortal-
ity is dependent upon the extent of the lesion. Small lesions 
typically heal via secondary epithelialization from surround-
ing healthy tissue. In addition, small underlying bony defects 

typically close spontaneously during the first year of life. In 
contrast, full-thickness defects of the scalp, skull, and dura are 
associated with a high mortality rate due to hemorrhage and 
infection. Among infants with trisomy 13, early lethality is to 
be expected. Among individuals with other syndromic forms 
of ACC, mortality is variable.
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Fig. 7.1.2 Large, irregular areas of aplasia cutis congenita (arrows) in two infants with trisomy 13.

TABLE 7.1.1  Classification Scheme for aplasia Cutis Congenita

CaTeGOrY aSSOCiaTed anOmalieS inHeriTanCe

Group 1: Isolated scalp ACC None AD or sporadic

Group 2: Scalp ACC associated with Adams-Oliver 
syndrome

Terminal transverse limb defects, cutis marmorata telangiectatica 
congenita, cardiac malformations, CNS abnormalities

AD

Group 3: Scalp ACC associated with epidermal nevi and 
nevus sebaceous

Epidermal nevus or nevus sebaceous, ipsilateral ophthalmologic 
abnormalities, CNS abnormalities

Sporadic

Group 4: ACC overlying embryologic malformations Cranial/CNS malformations, thoracic and abdominal wall 
malformations

Variable

Group 5: ACC associated with fetal papyraceus, placental 
infarcts, other ischemic events

Fetal papyraceus (twin/triplet death), placental infarction; 
intestinal infarction; CNS abnormalities

Sporadic

Group 6: ACC associated with EB Simplex, junctional and dystrophic types of EB, pyloric stenosis AD or AR depending 
on type of EB

Group 7: ACC localized to limbs None AD or AR

Group 8: ACC caused by intrauterine infections or 
teratogens

Methimazole, carbimazole, misoprostol, valproic acid; Intrauterine 
varicella or herpes simplex infections

Not inherited

Group 9: ACC associated with malformation syndromes See Syndrome Associations Variable

ACC: aplasia cutis congenita; AD: autosomal dominant; AR: autosomal recessive; CNS: central nervous system; EB: epidermolysis bullosa

Adapted from Frieden3 and Bolognia et al.4
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7.2 iCHTHYOSiS

(Dry Skin, Collodion Baby, Harlequin Fetus)

Definition: Generalized scaling of the skin due to defects in epidermal differentiation and desquamation.

ICD9/ICD10: 757.1/Q80 Syndrome Associations (Appendix)
BCIE (KRT1, KRT10)
CHILD (NSDHL)
Conradi-Hünermann-Happle (EBP)
KID (GJB2)
Netherton (SPINK5)
Neutral lipid storage disease (ABHD5)
Refsum (PHYH)
Sjögren-Larsson (ALDH3A2)
Trichothiodystrophy (ERCC2, ERCC3, GTF2H5)
XLR ichthyosis (STS)

Birth prevalence: 1/2,500–1/100,000

Associated anomalies: ocular, cardiac, skeletal, 
neurologic, urogenital

Laboratory studies: skin biopsy for histology, gene 
sequencing

Prenatal diagnosis: 3D/4D ultrasonography (Harlequin 
fetus), amniocentesis/CVS (mutation screening)

Cause: Mendelian (AD, AR, XL)

Defects in epidermal differentiation and desquamation result 
in the spectrum of clinical features from dry skin to harlequin 
fetus. The ichthyoses are classified on the basis of inheritance 
pattern, severity, clinical features, associated structural and 
biochemical abnormalities, and underlying genetic causes.1-4

In the infant or child who presents with ichthyosis, the onset, 
distribution, and progression of the dermatologic findings assist 
in diagnosis. Ichthyosis may be an isolated finding or associated 
with extracutaneous disease in a number of defined syndromes. 
Ichthyosis vulgaris is the most common type of ichthyosis in 
the general population and has no extracutaneous findings. 

Multiple malformation syndromes associated with ichthyosis 
are listed under Syndrome Associations. Genetic testing is avail-
able for some of the most common types of ichthyosis.1,5

Severe forms of ichthyosis present at birth with a “saran 
wrap” covering referred to as a collodion membrane (Fig. 7.2.1). 
Complications of collodion membrane include eclabium 
(everted lips), ectropion (everted eyelids) and restricted breath-
ing. Infants are susceptible to temperature instability and sepsis 
due to a poorly functioning epidermal barrier. The collodion 
membrane typically becomes detached within two to four 
weeks. Skin biopsy should be performed only after sloughing 

A B

Fig. 7.2.1 A: Ichthyosis in a male with Sjögren-Larsson syndrome. B: Collodion baby showing characteristic extropion and eclabium.
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of the collodion membrane, as histological features of the col-
lodion membrane are not specific. Although the specific form 
of ichthyosis is not readily diagnosed based on skin histology, 
microscopic findings support the diagnosis of ichthyosis and 
rule out other conditions characterized by thick skin. A severe, 
rare form of congenital ichthyosis, the harlequin fetus, presents 
with very thick scaling and fissuring of the skin at birth associ-
ated with severe eclabium and ectropion (Fig. 7.2.2).

Treatment: Due to the impairment of the skin barrier func-
tion, collodion babies are at risk for severe dehydration, 
infections/sepsis and hypothermia. Recommendations for 
treatment include a humidified incubator, prophylactic antibi-
otics, and emollients.5,6

Management of uncomplicated ichthyosis is directed 
toward scale reduction. Topical treatments such as urea, lac-
tic acid–based emollients, and keratolytics are the mainstay for 
uncomplicated ichthyosis. In more severe cases, oral retinoids 
may be used. However, recent insights into the pathomecha-
nisms of the ichthyoses have led the way for innovative thera-
peutic approaches. For example, several patients with CHILD 
syndrome, a disorder of distal cholesterol metabolism, have 
been successfully treated with topical cholesterol and lovastatin.

Prognosis: The prognosis for survival of liveborn infants 
with collodion membrane depends upon the occurrence of 
temperature instability, infection, and dehydration, as well as 
other associated anomalies. Among infants and children with 
isolated ichthyosis, the mortality is negligible; among those in 
which ichthyosis occurs in a syndromal context, mortality is 
variable according to the underlying disorder.
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7.3 eCTOdermal dYSPlaSiaS

(Malformation of the Ectodermal Appendages)

Definition: A group of genetic skin disorders involving two or more of the skin appendages (hair, teeth, nails, sweat glands, 
sebaceous glands, and mucous glands).

ICD9/ICD10: 757.31/Q82.4 Syndrome Associations (Appendix)
Ankyloblepharon-ectodermal defects-cleft lip/
palate (TP63)
Clouston hidrotic ectodermal dysplasia (GJB6)
Ectrodactyly, ectodermal dysplasia-cleft lip/
palate (TP63)
Hypohidrotic ectodermal dysplasia (EDA1, EDAR, 
EDARADD)
Hypohidrotic ectodermal dysplasia-immune deficiency 
(IKBKG)
Rapp-Hodgkin (TP63)
Witkop tooth and nail (MSX1)

Birth prevalence: 1/1,500

Associated anomalies: facial clefting, limb anomalies, 
genitourinary, sensorineural hearing loss

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography for cleft lip and 
ectrodactyly, amniocentesis/CVS for gene sequencing

Cause: Mendelian (AD, AR, XL)

Fig. 7.2.2 Harlequin fetus. From Vrolik W: Tabulae Illustrating Normal and 
Abnormal Development in Man and Mammals, Plate 92.2. Keys Printing, 
Greenville, SC, 2004.
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Characteristic features of the ectodermal dysplasias (ED) 
include sparse, thin, or wiry hair; misshapen (peg-shaped) or 
missing teeth; ridged, brittle, or pitted nails; and decreased 
sweating.1,2 These characteristic features of ED are often not 
present until later in life. The newborn with ED may first pres-
ent with fever of unknown origin due to an inability to sweat. 
The infant may have dry eczematous-appearing skin, but nails 
and hair may be normal. A  family history of ED may be the 
only clue to an underlying disorder in the newborn period. 
Examination of the older child or adult with ED may reveal dry, 
sparse, or wiry hair. Distinctive facial features may be present in 
individuals with hypohidrotic ED (Fig. 7.3.1). In the vast major-
ity of EDs, the teeth are abnormal in structure and number (Fig. 
7.3.2). Nails are typically ridged, pitted, or may be absent.

Extracutaneous manifestations may be present as well, 
depending upon the specific type of ED.3-5 Cleft lip and/or pal-
ate associated with abnormal teeth and nails are cardinal fea-
tures of AEC (ankyloblepharon-ectodermal dysplasia-clefting) 

and Rapp-Hodgkin syndromes. The presence of ectro-
dactyly (split hand/foot) is indicative of EEC (ectodermal 
dysplasia–ectrodactyly–clefting) syndrome. Progressive thick-
ening of the skin on the palms and soles (hyperkeratosis), caus-
ing painful cracks and fissures, is characteristic of Clouston 
syndrome (hidrotic ED), common in the French Canadian 
population. Immunodeficiency is seen in hypohidrotic ED 
individuals with IKBKG gene mutations.

Treatment: For patients with anhidrosis or hypohidrosis, air 
conditioning for home, school, and work is advised. Frequent 
consumption of cool liquids to maintain adequate hydration 
and thermoregulation is essential. In addition, cooling vests 
may be necessary for athletic endeavors. For patients with 
dental defects, early dental/orthodontic evaluation and inter-
vention is encouraged. The approach of extracting the teeth 
and substituting them with dental implants is quite common.6 
Individuals with eczematous dermatitis may benefit from the 

Fig. 7.3.1 Left: Characteristic facial features (frontal bossing, periorbital hyperpigmentation, saddle nose, and maxillary hypoplasia) in child with hypohidrotic 
ectodermal dysplasia. Right: Peg-shaped teeth of hypohidrotic ectodermal dysplasia.

Fig. 7.3.2 Hyperkeratosis of soles, nail dystrophy, and anomalies of teeth in a 15-year-old girl with odontoonycho-dermal dysplasia (Fadhil-Ghabra-Deeb type of 
ectodermal dysplasia).
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use of topical emollients. Use of topical minoxidil with or with-
out a topical tretinoin may improve hair growth in individu-
als with alopecia.7 Artificial tears may help prevent damage to 
the cornea in patients with reduced lacrimation. Individuals 
with ectodermal dysplasia with immunodeficiency should be 
monitored for infection and treated with therapeutic and/or 
prophylactic antibiotics when appropriate; allogeneic stem 
cell transplantation has been performed in a small number of 
patients with equivocal results.

Prognosis: The prognosis is good for individuals with most 
types of ectodermal dysplasia, as long as adequate hydration 
and thermoregulation are maintained. Morbidity and mortal-
ity are variable in those individuals with additional clefting or 
immunodeficiency syndromes.

REFERENCES

 1. Itin PH, Fistarol SK: Ectodermal dysplasias. Am J Med Genet C Semin Med 
Genet 131:45, 2004.

 2. Sybert VP:  Genetic Skin Disorders, ed 2. Oxford University Press, 
New York, 2010, pp 270–292.

 3. DiGiovanna JJ, Priolo M, Itin P: Approach towards a new classification for 
ectodermal dysplasias:  Integration of the clinical and molecular knowl-
edge. Am J Med Genet A 149A:2068, 2009.

 4. Salinas CF, Jorgenson RJ, Wright JT, et al.: 2008 International Conference 
on Ectodermal Dysplasias Classification: Conference Report. Am J Med 
Genet A 149A:1958, 2009.

 5. Bayliss SJ, Berk DR, Burton BK, et  al.:  Other genodermatoses. 
In:  Dermatology, ed 3. Bolognia JL, Jorizzo JL, Rapini RP, eds. Mosby, 
London, 2012, pp 963–975.

 6. Dhima M, Salinas TJ, Cofer SA, et al.: Rehabilitation of medically complex 
ectodermal dysplasia with novel surgical and prosthodontic protocols. Int 
J Oral Maxillofac Surg 43:301, 2014.

 7. Lee HE, Chang IK, Im M, et al.: Topical minoxidil treatment for congeni-
tal alopecia in hypohidrotic ectodermal dysplasia. J Am Acad Dermatol 
68:e139, 2013.

7.4 ePidermOlYSiS BUllOSa

(Epidermolysis Bullosa Simplex, Junctional Epidermolysis Bullosa, Dystrophic Epidermolysis Bullosa)

Definition: A heterogeneous group of inherited skin disorders characterized by mechanical fragility of the skin with blister 
formation.

ICD9/ICD10: 757.39/Q81 Syndrome Associations (Appendix)
Kindler (FERMT1)

Birth prevalence: 1/50,000

Associated anomalies: skeletal,
gastrointestinal, ocular, dental

Laboratory studies: skin histology, immunology, gene 
sequencing

Prenatal diagnosis: ultrasonography for pyloric  
atresia, amniocentesis/CVS for gene sequencing

Cause: Mendelian (AD, AR)

Epidermolysis bullosa (EB) is divided into four major sub-
types (simplex, junctional, dystrophic, and Kindler syndrome) 
based upon the anatomical site of blistering (Fig. 7.4.1) as well 
as immunofluorescence mapping and molecular analysis. In 
EB simplex, the blistering occurs in the basal or supra-basal 
layer of the epidermis with little to no subsequent scarring. 
Blistering occurs in the dermo-epidermal junction in junc-
tional EB, with little to no scar formation. In dystrophic EB, 
blisters form below the basement membrane with resultant 
scarring (Fig. 7.4.2). To date, over 30 distinct clinical pheno-
types of EB exist.1-4

Although the blistering in EB occurs at different levels 
within the skin for each subtype, distinguishing between the 
subtypes can be difficult. Onset of blistering may provide a 
clue to the specific subtype. For example, severe blistering in 
the newborn period is suspicious for a junctional or dystro-
phic EB, whereas mild blistering in adolescence is more typical 
of some forms of EB simplex. In addition, lesion morphology 
and location can assist in the diagnosis of specific subtypes. 

For example, patients with EBS Dowling-Meara may develop 
grouped “herpetiform” and acral lesions. Mitten deformity of 
the hands and feet is characteristic of recessive dystrophic EB 
(Fig. 7.4.2). Milia (small epidermal cysts) occur more com-
monly with dystrophic and junctional EB, but they can also be 
seen with EB simplex. Table 7.4.1 lists the most common sub-
types of EB. Kindler syndrome is an autosomal recessive disor-
der characterized by generalized blistering at birth, often with 
subsequent scarring. These individuals may also have other 
skin findings including keratoderma, poikiloderma, skin atro-
phy, and photosensitivity. Rarely, individuals with Kindler syn-
drome may have intellectual disability and bone abnormalities.

Specific subtype diagnosis is often based on skin histology, 
immunology, and/or specific genetic testing.1 Skin biopsy of 
peri-lesional skin is taken for histological examination (elec-
tron microscopy) to determine the anatomical level of blister 
formation. If no blisters are present, then an area should be 
rubbed to induce blister formation. Tissue is taken for immu-
nological examination, looking for alterations in the key 
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proteins involved in the specific forms of EB. Genetic testing 
may be available for specific subtypes on a clinical basis.

Treatment: The blisters in EB occur over sites of trauma 
and can be dramatic in the newborn infant, especially with 
forceps or vacuum extraction delivery. These infants should 

be handled very gently, as friction causes blistering. Mucous 
membranes including the eyes, mouth, genitals, and rectum 
should be evaluated. Mucous membrane involvement may 
impede feeding and fluid status in the early newborn period. 
Feeding difficulties such as gastroesophageal reflux and vomit-
ing offer clues to mucosal involvement.

Keratinocyte

Epidermis

Dermis

Dermo-epidermal
junction

EB Simplex

Junctional EB

Dystrophic EB

Fig. 7.4.1 Anatomical sites of blistering in epidermolysis bullosa.

A

C D

B

Fig. 7.4.2 Extensive scarring of the limbs in autosomal recessive epidermolysis bullosa. A,B: Intermediate severity with residual scarring and loss of nails. C,D: 
Marked severity loss of tissue and fusion of digits.
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To date, no effective therapies exist for EB. A small cohort 
of DEB patients have undergone allogeneic stem cell trans-
plantation, with mixed results. Given the lack of effective 
therapies, proper wound care is still the most important treat-
ment option. Expert consensus is that the use of nonadherent 
dressings in patients with severe types of EB improves wound 
healing and decreases pain.

Prognosis: Prognosis is dependent on the specific type of EB, 
ranging from mild blistering in adulthood in some forms of 
EBS to early lethality in severe forms of DEB.
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TABLE 7.4.1  main Categories and Common Subtypes of epidermolysis Bullosa

eB CaTeGOrY eB SUBTYPe OnSeT CUTaneOUS feaTUreS

nOn-CUTaneOUS 

feaTUreS CaUSaTiOn

EBS EBS-Dowling 
Meara

Birth Severe blistering (often in groups), 
hemorrhagic blisters, blisters improve in 
adulthood, hyperkeratosis palms/soles, 
rarely milia

None AD,
KRT5,KRT14

EBS EBS-Koebner Birth/
Infancy

Generalized blistering, mucous 
membrane involvement, nail 
involvement, rarely hyperkeratosis

Rare corneal abnormalities AD,
KRT5,KRT14

EBS EBS- 
Weber-Cockayne

Childhood/
Adulthood

Blisters usually confined to hands and 
feet, hyperkeratosis palms/soles develop 
later

None AD,
KRT5,KRT14

JEB JEB-Herlitz Birth Blistering generalized and severe, 
hemorrhagic blisters, mucosal 
involvement

Corneal erosions with 
blepharitis, abnormal teeth, 
usually death in infancy

AR,
LAMA3,
LAMB3, LAMC2

JEB JEB-Non-Herlitz Birth Generalized blistering, decreased 
blistering with age, nail dystrophy, 
alopecia, mucosal blistering

Corneal ulcers, abnormal 
teeth

AR,
COL17A1,
LAMA3,
LAMB3,
LAMC2,
ITGB4

JEB JEB pyloric atresia Birth Generalized blistering Pyloric atresia AR,
ITGB4,
ITGA6

DEB Dominant DEB Birth/Adulthood Blisters on limbs, elbows, knees, and 
digits, sometimes generalized; mucosal 
blisters, milia, dystrophic nails

None AD,
COL7A1

DEB Recessive DEB Birth Generalized blistering, severe or 
hemorrhagic blisters, ulcerations and 
erosions, milia, “mitten” deformity 
of hands and feet, scarring alopecia, 
mucosal involvement, SCC in adulthood, 
ACC of lower limbs

Growth retardation, anemia, 
hypoalbuminia, dysmorphic 
facies (small pinched nares 
and small pointed chin), 
blistering of conjunctiva

AR,
COL7A1

Mixed Kindler syndrome Birth Generalized blistering, scarring, 
keratoderma, skin atrophy, poikiloderma, 
photosensitivity

Intellectual disability (rare), 
bone abnormalities (rare)

AR,
KIND1

EBS: epidermolysis bullosa simplex; JEB: junctional epidermolysis bullosa; DEB: dystrophic epidermolysis bullosa; SCC: squamous cell carcinoma; ACC: aplasia cutis congenita; AD: autosomal dominant; AR: autosomal recessive.
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7.5 CUTaneOUS HamarTOmaS

(Epidermal Nevus, Nevus Sebaceous, Connective Tissue Nevus)

Definition: Developmental abnormalities of the skin in which there is an excess of one or more mature, or nearly mature, tis-
sue structures normally found at that site.

ICD9/ICD10: 759.6/Q85.8 Syndrome Associations (Appendix)
Buschke-Ollendorff (LEMD3)
CHILD (NSDHL)
CLOVE (PIK3CA)
Michelin tire baby
Proteus (AKT1)
Schimmelpenning-Feuerstein-Mims (epidermal nevus) 
(HRAS, KRAS)
Tuberous sclerosis (TSC1, TSC2)

Birth prevalence: 1/3,000

Associated anomalies: CNS, skeletal, ocular, cardiac, 
genitourinary, endocrine

Laboratory studies: gene sequencing

Prenatal diagnosis: amniocentesis/CVS for gene 
sequencing

Cause: Mendelian (AD), somatic mosaicism

Most hamartomas are isolated, sporadic malformations. They 
can be single or multiple, localized or extensive, and may be 
distributed in a linear or whorled pattern corresponding to 
the lines of Blaschko. Some arise from a postzygotic muta-
tion in the embryo that leads to somatic mosaicism.1 Others 
are manifestations of well-defined genetic disorders such as 
tuberous sclerosis. Epidermal hamartomas may be associated 
with underlying abnormalities in the central nervous system, 
skeleton, or other organs. Rarely, a postzygotic mutation that 
involves the germ line of a parent results in transmission of a 
generalized skin disease to offspring.

The term epidermal nevus is used to encompass a group 
of hamartomas of ectodermal origin, in which there is clini-
cal and histologic overlap.2,3 These include the linear verrucous 
epidermal nevus, inflammatory linear verrucous epidermal 
nevus (ILVEN), sebaceous nevus, and nevus comedonicus. 
The epidermal nevus presents at birth or during early child-
hood and may continue to extend for a variable period of time. 
During childhood the degree of verrucosity varies from subtle, 
almost flat pigmentation to a grossly elevated, warty appear-
ance (Fig. 7.5.1). There is a tendency to become more verru-
cous with age, particularly during puberty. Rarely, new lesions 
become apparent in adolescence or adult life. Lesions vary 
in extent from a small cluster or linear arrangement of pig-
mented, warty papules to widespread linear and swirled areas 
of pigmentation following the lines of Blaschko.

The majority of epidermal nevi are isolated lesions with 
no evidence of extracutaneous disease. Multiple associated 
anomalies are seen in the so-called epidermal nevus syndrome.2 
Manifestations of this variable syndrome include developmen-
tal abnormalities of the central nervous system, skeleton, eye, 
and heart as well as tumors of the genitourinary tract, preco-
cious puberty, and vitamin D–resistant rickets. In the Proteus 
syndrome, epidermal nevi occur in association with limb 
overgrowth, lipomatous lesions, cerebriform malformations 
of the feet, and cutaneous vascular anomalies (Fig. 7.5.2). The 
Proteus syndrome is caused by somatic mutations in the AKT1 

gene.4 The CHILD (congenital hemidysplasia with ichthyosi-
form nevus and limb defects) syndrome is characterized by 
verrucous lesions corresponding to the lines of Blaschko in 
conjunction with limb reduction defects.

The distribution of epidermal nevi in patterns following the 
lines of Blaschko suggests somatic mosaicism. Chromosomal 
mosaicism has been demonstrated in patients with linear ver-
rucous epidermal nevi. The concept of mosaicism is supported 
by observation of lesions with the histology of epidermolytic 
hyperkeratosis in the parents of children with bullous ich-
thyosiform erythroderma. The same keratin 10 (KRT10) gene 
mutation was identified in lesional skin from parents with 
epidermal nevi and in their offspring with generalized skin 
disease. Epidermal nevi are now thought to represent a pheno-
typic expression of several genetic defects due to postzygotic 
mutations rather than a single disease.5

The nevus sebaceous (of Jadassohn) is an organoid ham-
artoma of appendageal structures that is usually evident at 
birth. It occurs where pilosebaceous and apocrine structures 

Fig. 7.5.1 Linear sebaceous nevus in an older child.
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are prominent and is considered to be a variant of epidermal 
nevus on the head and neck. The typical nevus sebaceous is a 
pink-yellow or yellow-orange plaque with a pebbly or velvety 
surface that is located on the scalp or face (Fig. 7.5.3). Lesions 
on the scalp present as a congenital area of circumscribed alo-
pecia. There may be evolution from a slightly raised plaque at 
birth to a macular lesion in infancy and childhood. A verru-
cous or cobblestone appearance develops in adolescence when 
the sebaceous and apocrine glands enlarge and proliferate. 
There can be some overlap between the morphology of a seba-
ceous nevus and an epidermal verrucous nevus on the head 
and neck. Both types of nevus may coexist at different sites 
when extensive lesions are present.

The nevus sebaceous is usually an isolated lesion with no 
extracutaneous findings. Rarely, it is associated with other 
developmental abnormalities in a variable malformation syn-
drome known as the Schimmelpenning-Feuerstein-Mims 
syndrome, linear nevus sebaceous syndrome, or epidermal 
nevus syndrome. The nevus sebaceous can be of any size or 
shape but is often extensive or linear, with a distribution fol-
lowing the lines of Blaschko. Extracutaneous manifestations 
include intellectual disability, seizures, coloboma of the eye-
lid, lipodermoids of the conjunctiva, choristomas, and other 
ophthalmologic and central nervous system abnormalities. 
Skeletal, cardiac, and genitourinary abnormalities, and vita-
min D–resistant rickets are also reported. It can be caused by 
postzygotic somatic mutations in either the HRAS or KRAS 
gene.6 There is no racial or gender predilection.

The nevus sebaceous has a propensity to develop neoplas-
tic growths, most of which are benign tumors such as trichi-
lemmomas. Malignant tumors include basal cell epithelioma, 
squamous cell carcinoma, and tubular apocrine carcinoma. 
These tumors are localized to the skin lesion and rarely metas-
tasize, although they may be locally invasive.

Congenital smooth muscle hamartoma is a benign cuta-
neous developmental anomaly characterized by an excess of 
arrector pili muscle within the reticular dermis. It is usually 
evident at birth or shortly thereafter. The typical congenital 

Fig. 7.5.2 Cerebriform malformation of the foot in Proteus syndrome. (Courtesy 
of Kim Keppler-Noreuil and Les Biesecker, National Human Genome Research 
Institute, Bethesda, MD.)

Fig. 7.5.3 Linear sebaceous nevus in a newborn.

Fig. 7.5.4 Shagreen patch on lower back of a child with tuberous sclerosis.
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smooth muscle hamartoma presents as a lightly pigmented 
plaque or patch with overlying hypertrichosis. Rarely, a con-
genital smooth muscle hamartoma has a linear configuration 
or presents with multiple lesions. There are no systemic find-
ings with localized lesions. Associated intellectual disability, 
seizures, and other developmental abnormalities are reported 
in association with extensive smooth muscle hamartoma as a 
manifestation of the Michelin tire baby syndrome.

A connective tissue nevus is characterized by excessive 
deposition of one or both of the collagen or elastin compo-
nents of dermal connective tissue. Connective tissue nevi 
present clinically as asymptomatic, firm, skin-colored to yel-
lowish nodules or plaques located on the trunk or limbs. The 
surface of the lesion may be smooth or have a “cobblestone,” 
“leather-grain” or “peau d’orange” appearance. They may 
be solitary or multiple. A  linear morphology is sometimes 
observed. A connective tissue nevus may be present at birth, 
but most become evident during childhood or adolescence. 
These hamartomas may occur sporadically or may be seen as 
a manifestation of genetic syndromes, notably the “shagreen 
patch” or collagenoma in tuberous sclerosis (Fig. 7.5.4) and the 
multiple elastic tissue nevi of Buschke-Ollendorff syndrome. 
Tuberous sclerosis and Buschke-Ollendorff syndrome are 
inherited by autosomal dominant transmission.

Treatment: The treatment for hamartomas depends on the 
patient’s signs and symptoms at the time of presentation. Pain 

can be treated conservatively with analgesics. Many patients 
may not require any intervention. However, for those who do 
require intervention, procedures may include biopsy, curet-
tage, and fracture fixation. If bony involvement is extensive, 
such as in Proteus syndrome, amputation of digits or limbs 
may be necessary.

Prognosis: Hamartomas are generally benign lesions but can 
cause problems due to their location and size. When located 
on the skin, especially the face or neck, these lesions can be 
extremely disfiguring. They may also obstruct various organs 
in the body, such as the colon or lungs. Pathologic fractures 
may occur due to bone weakness. Rarely, tremendous soft tis-
sue and bony overgrowth may occur, such as in Proteus syn-
drome, greatly affecting the quality of life of these patients.
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7.6 VaSCUlar malfOrmaTiOnS

(Port-Wine Stains, Nevus Flammeus, Telangiectasias, Arteriovenous Malformations)

Definition: Localized embryological defects in vascular morphogenesis.

ICD9/ICD10: 747.60, 757.32/Q27.8, Q27.9 Syndrome Associations (Appendix)
Ataxia-telangiectasia (ATM)
Cutis marmorata telangiectatica congenita
Familial cerebral cavernous malformations (KRIT1, 
CCM2, PDCD10)
Familial congenital lymphedema (FLT4)
Familial cutaneous and mucosal malformations (TIE2)
Familial glomangiomatosis (GLMN)
Hennekam (CCBE1)
Hereditary hemorrhagic telangiectasia (ENG, ALK1)
Klippel-Trenaunay-Weber (PIK3CA)
Proteus (AKT1)
Sturge-Weber (GNAQ)

Birth prevalence: 1/60

Associated anomalies: CNS, ocular, skeletal, 
gastrointestinal, genitourinary

Laboratory studies: Doppler ultrasound, CT, MRI, MR 
arteriography/venography, gene sequencing

Prenatal diagnosis: ultrasonography, amniocentesis/CVS 
(mutation screening)

Cause: Mendelian (AD, AR), somatic mosaicism, sporadic

Four major categories of vascular malformations have been 
delineated based on the anatomic vessel involved: (1)  capillary 
malformations (i.e., port-wine stains, telangiectasias), (2) venous 
malformations, (3) lymphatic malformations, and (4) arteriove-
nous malformations (AVMs).1-4 Many vascular malformations are 

a combination of the aforementioned. Vascular malformations 
can also be classified on their flow characteristics—high flow and 
low flow. AVMs are high-flow lesions, while venous, capillary, 
and lymphatic malformations are low-flow lesions. Correct clas-
sification is imperative for proper diagnosis and management.
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Port-wine stains (or nevus flammeus) are pink to red, par-
tially blanchable patches (Fig. 7.6.1). These capillary malforma-
tions may have increased warmth but are not associated with 
thrills or bruits as they are low-flow lesions. Port-wine stains 
can become thickened and verrucous-appearing with age. In 
addition, they can develop secondary lesions such as pyogenic 
granulomas. Facial port-wine stains involving the first or second 
branches of the trigeminal nerve (V1/V2) may be associated 
with ipsilateral choroidal vascular anomalies, congenital glau-
coma, and a vascular malformation of the leptomeninges in the 
Sturge-Weber syndrome (Fig. 7.6.2). Limb lesions may be part of 
a more complex capillary-venous or capillary-venous-lymphatic 
malformation associated with limb overgrowth in the 
Klippel-Trenaunay-Weber syndrome (Fig. 7.6.2).

Telangiectasias are small, punctuate- or linear-appearing 
dilated blood vessels that are usually completely blanchable 

(Fig. 7.6.3). Telangiectasias may be isolated or may be a cuta-
neous marker for certain inherited conditions. Hereditary 
hemorrhagic telangiectasia is an autosomal dominant vascu-
lar dysplasia involving telangiectasias and arteriovenous mal-
formations of the skin, mucosa, and viscera (lung, liver, and 
brain). Epistaxis and gastrointestinal bleeding are frequent 
complications of the mucosal involvement.

Venous malformations are slow-flow lesions with a blue 
or purple discoloration (Fig. 7.6.4). Thrombosis within the 
dilated vessels results in a painful hard nodule that may cal-
cify. The vast majority of venous malformations are localized 
lesions and occur sporadically. However, familial cases have 
been reported. Glomulovenous malformations are a subtype 
of venous malformation, previously known as glomangioma 
or multiple glomus cell tumors. They are single or widespread 
blue lesions, often painful to palpation, and do not affect the 

A B

Fig. 7.6.1 Centrally located vascular stain in infants with prenatal thalidomide syndrome (A) and Roberts syndrome (B).

A B

Fig. 7.6.2 Laterally located port-wine stain in children with Sturge-Weber syndrome (A) and Klippel-Trenaunay-Weber syndrome (B). (Courtesy of Dr. Charles 
I. Scott, Jr, A. I. duPont Institute, Wilmington, DE.)
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mucosae. They are frequently inherited as an autosomal domi-
nant trait. They are distinguished histologically by the pres-
ence of glomus cells around the distended venous channels. 
A mutation in the glomulin gene has been identified in kin-
dreds with this disorder.

AVMs are high-flow malformations that are typically 
associated with a palpable thrill and a bruit. AVMs may be 
associated with high-output cardiac failure and can be life 
threatening. AVMs may not be present at birth and may not 
become apparent until childhood or adulthood. A  cephalic 
AVM may be associated with a contiguous lesion in the brain 

Fig. 7.6.3 Telangiectasias in periumbilical area and groin of a child with 
fucosidosis.

Fig. 7.6.4 Bluish-purple painful lesion of glomulovenous malformation.

Fig. 7.6.5 Bright red raised infantile hemangioma (strawberry mark) on the 
cheek of a female infant. The lesion regressed remarkably between 3 and 
8 years of age, but ultimately required surgical and laser treatment.



296 |  H U m a n  m a l f O r m aT i O n S  a n d  r e l aT e d  a n O m a l i e S

or orbit, referred to as Bonnet-Dechaume-Blanc syndrome 
(Wyburn-Mason syndrome).

Similar to venous malformations and AVMs, lymphatic 
malformations can vary in severity and onset. Large cer-
vical lymphatic malformations can occlude the airway. 
Lymphatic malformations are a component of familial con-
genital lymphedema (Milroy disease), Hennekam syndrome, 
Proteus syndrome, Klippel-Trenaunay-Weber syndrome, and 
Bannayan-Riley-Ruvalcaba syndrome.

It is important to note that hemangiomas are not vascu-
lar malformations but rather vascular tumors. Hemangiomas 
are common tumors of infancy and are characterized by rapid 
benign proliferation of endothelial cells followed by slow spon-
taneous regression over five to 10 years (Fig. 7.6.5). The patho-
genesis is unknown. Hemangiomas may be superficial and red 
in color or deep with a bluish color. Rarely, hemangiomas are 
associated with structural malformations of other organs. The 
eponym PHACE refers to the presence of a facial hemangioma 
associated with a posterior fossa or other CNS malformation, 
arterial anomalies, coarctation of the aorta, cardiac defects, 
and eye abnormalities.

Treatment: Management of vascular malformations is 
dependent upon the type and location of the malformation.1,5 

In many cases, observation and the use of supportive treat-
ments (e.g., compression garments and drug therapy) are rec-
ommended. Laser therapy may be used for superficial lesions 
such as capillary malformations. Deeper lesions, such as 
venous or lymphatic malformations and AVMs, may require 
surgical removal or other therapies, such as sclerotherapy or 
embolization. In patients with hereditary hemorrhagic telangi-
ectasia, pulmonary AVMs are treated with platinum coils that 
block flow through the feeding artery to the malformation.

Prognosis: Prognosis is dependent on the specific type 
of vascular malformation, ranging from cosmetic issues in 
some types of capillary malformations to hemorrhage and 
high-output cardiac failure in severe AVMs.
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7.7 PiGmenTaTiOn aBnOrmaliTieS

(Hypopigmentation, Hyperpigmentation)

Definition: Heterogeneous conditions characterized by altered melanocyte density, melanin concentration, or both, that result 
in altered pigmentation of the skin.

ICD9/ICD10: 709.0/L81.9 Syndrome Associations (Appendix)
Albinism (TYR, TYRP1, SLC45A2, GPR143)
Carney complex (PRKAR1A)
Chediak-Higashi (LYST)
Griscelli (MYO5A, RAB27A, MLPH)
Hermansky-Pudlak (HPS1, AP3B1, DTNBP1, BLOC1S3, 
BLOC1S6, PLDN)
Hypomelanosis of Ito (some chromosome mosaic)
Incontinentia pigmenti (IKBKG)
LEOPARD (PTPN11)
McCune-Albright (GNAS1)
Neurofibromatosis (NF1)
Piebaldism (c-KIT)
Tuberous sclerosis (TSC1, TSC2)
Waardenburg (EDN3, EDNRB, MITF, PAX3, SNA12, 
SOX10)

Birth prevalence: 1/15,000–1/50,000

Associated anomalies: CNS, skeletal, ocular, cardiac, 
genitourinary, endocrine

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: amniocentesis/CVS for gene 
sequencing

Cause: chromosomal, Mendelian (AD, AR, X-L), somatic 
mosaicism

Developmental disorders causing hypopigmentation may be 
caused by abnormal production and migration of melanocytes 
(e.g., piebaldism), defective synthesis of melanin (albinism), 
or disordered function of melanocytes (e.g., tuberous sclerosis, 

hypomelanosis of Ito).1 Piebaldism is characterized by pure 
white patches of skin that are present at birth and inherited 
as an autosomal dominant condition (Fig. 7.7.1). Mutations 
in the c-KIT protooncogene affect migration of melanocytes 
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from the neural crest in the developing embryo.2 The depig-
mentation is most evident on the forehead, with a white fore-
lock, and on the chest, abdomen and limbs. There may be 
islands of pigmentation within the affected areas. Occasionally 
repigmentation can occur, although the white forelock is usu-
ally permanent.

Like piebaldism, Waardenburg syndrome is an auto-
somal dominant disorder caused by defective migration of 
neural crest cells during embryogenesis. It is associated with 
heterochromia iridis and sensorineural deafness. In type 
I  Waardenburg syndrome there is dystopia canthorum (Fig. 
7.7.2). A  white forelock and areas of depigmentation are a 
variable feature and present in less than 50 percent of patients. 
The depigmentation may resemble vitiligo. Early graying of the 
hair is also seen.

Oculocutaneous albinism (OCA) is caused by absent or 
defective production of melanin. Most types of OCA are inher-
ited by autosomal recessive transmission. The eyes are invari-
ably affected with photophobia, visual loss, and nystagmus. The 
degree of depigmentation depends on the type of albinism. In 
OCA type Ia, tyrosinase activity in melanocytes is absent and 
the skin and hair are white with pale irides that transilluminate 
and appear pink in bright light (Fig. 7.7.3). In other forms of 
albinism there is partial tyrosinase activity and the patient may 
have pigmented nevi and colored hair. In the Hermansky-Pudlak 
variant, there is an associated bleeding diathesis.

Chediak-Higashi and Griscelli syndromes are character-
ized by light skin and a silvery gray hair color at birth. The 
abnormal pigmentation appears to result from disordered 
formation of melanosomes. Chediak-Higashi syndrome is an 
autosomal recessive condition in which hypopigmentation is 
associated with abnormal leukocyte function and recurrent 

Fig. 7.7.2 White forelock in a 2-year-old girl with Waardenburg syndrome. Note 
the lateral displacement of the inner canthi and the repaired cleft lip. (Courtesy 
of Dr. Charles I. Scott, Jr, A. I. DuPont Institute, Wilmington, DE.)

Fig. 7.7.1 Piebaldism in South African family members showing irregular 
hypopigmentation of the skin and hair. Four generations were affected in this 
family. No other anomalies were present. (Courtesy of Dr. Peter Beighton, 
University of Cape Town, South Africa.)
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infections. Griscelli syndrome is inherited as an autosomal 
dominant condition and is characterized by hypopigmentation 
and severe combined immunodeficiency.

The term hypomelanosis of Ito was coined to describe a 
linear and whorled pattern of hypopigmentation typically fol-
lowing the lines of Blaschko (Fig., 7.7.4,).3 Hypomelanosis of 
Ito is no longer considered to be a distinct disease but rather a 
clinical pattern of hypopigmentation associated with a number 
of different chromosomal abnormalities. Hypomelanosis of Ito 

may be an isolated skin anomaly or associated with develop-
mental anomalies of the central nervous system and musculo-
skeletal structures.

Hypomelanotic macules in tuberous sclerosis are typically 
oval or “ash-leaf ” in shape but may have a confetti-like or seg-
mental morphology. They appear at birth or in early childhood 
and may be few or numerous (Fig. 7.7.5). Facial angiofibromas, 
collagenomas (the “shagreen patch”), skin tags, and periungual 
and gingival fibromas appear later in childhood.

Fig. 7.7.3 Albinism in an African American infant, showing lightly pigmented 
skin and blond hair.

Fig. 7.7.4 Hypomelanosis of Ito in a child, showing hypopigmentation following 
lines of Blaschko. Chromosome study results were normal.

Fig. 7.7.5 Hypomelanotic macule on nose of a 10-year-old girl with tuberous sclerosis. She has cutaneous hamartomas of the face and intellectual disability.
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Hyperpigmentation is caused by increased melanin in the 
skin. Café au lait macules are typically round or oval areas of 
hyperpigmentation with a distinct border. They present at birth 
or in the first few months of life. They are usually an isolated 
finding but may be a marker for neurocutaneous syndromes 
such as neurofibromatosis and tuberous sclerosis (Fig. 7.7.6). 
However, multiple café au lait macules may occasionally be 
inherited as an isolated abnormality with autosomal dominant 
transmission. The large segmental areas of hyperpigmenta-
tion in the McCune-Albright syndrome are often referred to as 
large café au lait macules and are believed to be a manifestation 
of pigment mosaicism.

Lentigines are characterized histologically by an increase 
in melanocytes in the basal layer of the epidermis. Whereas 
most lentigines are acquired and induced by ultraviolet radia-
tion, they are seen as a developmental abnormality in two 
specific syndromes. The LEOPARD syndrome is an acronym 
for Lentigines associated with Electrocardiographic con-
duction defects, Ocular hypertelorism, Pulmonary stenosis, 
Abnormalities of the genitalia, Retardation of growth, and 
Deafness (Fig. 7.7.7).

The Carney syndrome, also previously described as NAME 
and LAMB syndrome, is characterized by lentigines, cutaneous 
myxoid tumors, blue nevi and atrial myxomas associated with 

A

B

C

D

Fig. 7.7.6 Cafe´ au lait spots. Smooth-bordered pigmented spots of limbs and trunk in two patients with neurofibromatosis (A, B). Diffuse, irregular pigmentation 
may also occur and may overlie a plexiform neurofibroma (C).Cutaneous neurofibromas may occur anywhere on the skin but seem to have a predilection for the 
areolar area (D).
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a propensity to develop pituitary adenomas, adrenal tumors, 
and testicular Sertoli cell tumors. In the LEOPARD syndrome 
the lentigines are widespread and do not involve the mucous 
membranes. In the Carney syndrome lentigines are also wide-
spread but are particularly concentrated on the central face 
and may involve the mucosa. In both conditions, lentigines 
may be present at birth and increase in number with age.

Treatment: Treatment is not usually required for the cutane-
ous lesions seen in disorders of pigmentation, although topical 
corticosteroids and various emollients may be used as needed.4 
Treatment of associated findings in syndromal cases is similar 
to that in individuals without pigmentation abnormalities.

Prognosis: The prognosis for individuals with pigmenta-
tion abnormalities depends upon the underlying etiology, as 
well as associated anomalies. Among individuals with isolated 
hypopigmentation or hyperpigmentation, morbidity and mor-
tality is negligible; among those representing complex syn-
dromes, morbidity and mortality is variable.
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7.8 mOSaiCiSm and THe lineS Of BlaSCHkO

(Hypomelanosis of Ito)

Definition: Distinctive patterns of cutaneous pigmentation, the most familiar of which are the linear and whorled lines of 
Blaschko.

ICD9/ICD10: 757.3/L81.8 Syndrome Associations (Appendix)
CHILD (NSDHL)
Conradi-Hünermann (EPB)
Focal dermal hypoplasia of Goltz (PORCN)
Incontinentia pigmenti (IKBKG)
Orofaciodigital, type 1 (OFD1)

Birth prevalence: 1/8,000–1/10,000

Associated anomalies: CNS, ocular, dental, skeletal, 
cardiac, pulmonary, genitourinary, craniofacial

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: amniocentesis/CVS for gene 
sequencing

Cause: mosaicism

Many developmental skin disorders and genodermatoses can 
be explained by genetic mosaicism. Mosaicism occurs when 
two genetically different populations of cells originate from a 
single genetically homogeneous zygote. The mosaic phenotype 
may be caused by alterations in a single gene or group of genes, 
or by aneuploidy. Functional mosaicism results from random 

X inactivation in normal females (the Lyon hypothesis).1 This 
becomes clinically apparent in the skin in X-linked dominant 
disorders that are lethal in the XY male, such as incontinen-
tia pigmenti (IP). It also explains limited disease expression 
in female carriers of certain nonlethal X-linked recessive dis-
orders such as anhidrotic ectodermal dysplasia, where the 

Fig. 7.7.7 Variably pigmented macules distributed diffusely in LEOPARD 
syndrome. (Courtesy of Dr. Charles I. Scott, Jr, A. I. DuPont Institute, 
Wilmington, DE.)
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severity of the disease depends on the degree of lyonization. In 
autosomal mosaicism, the patterned skin lesions are not famil-
ial because the mutation is either lethal if present in every cell 
of the developing embryo or is nonlethal and inherited as a 
generalized, nonmosaic skin disorder.

Mosaicism in X-linked dominant disorders is usually 
limited to females because the mutation is lethal in the hemi-
zygous male.2,3 In patients with IP, skin lesions are distributed 
along the lines of Blaschko and occur in four overlapping 
stages:  (1)  linear vesicular lesions on an erythematous base 
in the newborn period and first months of life, (2)  blisters 

superseded by hyperkeratotic lesions, (3)  whorls and 
streaks of hyperpigmentation corresponding histologically 
to the dermal pigment incontinence that gives the disorder 
its name, and (4)  corresponding lines of hyperpigmenta-
tion with absence of hair follicles and eccrine glands (Figs. 
7.8.1, 7.8.2,). Several stages may be present at the same time, 
and not all stages occur in every patient. Scalp lesions give 
rise to scarring alopecia, and nail dystrophy may be seen. 
Noncutaneous manifestations of IP include retinal vascular 
proliferation in the newborn and infant, which can lead to 
blindness, hypodontia, and peg-shaped teeth. Neurologic 

A B

C D

Fig. 7.8.1 Incontinentia pigmenti. Streaking and “marble cake” pigmentary changes of left chest and lower limb in a 2-year-old girl (A, B). The pigmentary changes 
were preceded by vesicular and verrucous phases (C, D).
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complications occur in a small percentage of patients and 
include seizures, developmental delay, spastic diplegia, and 
quadriplegia.

In the X-linked dominant form of chondrodysplasia punc-
tata (Conradi-Hünermann syndrome), erythematous lesions 
with a thick adherent scale are evident at birth in a linear and 
whorled distribution corresponding to the lines of Blaschko.4,5 
Scaling may persist, or it may resolve during infancy to leave 
a patterned follicular atrophoderma and scarring alope-
cia. Hypopigmentation and hyperpigmentation also occur. 
Sectorial cataracts are very characteristic of this disease and 
may be unilateral. Skeletal dysplasia is present in many cases; 
specifically, an epiphyseal abnormality which may result in 
asymmetric shortening of the long bones.

The occasional occurrence of these X-linked dominant 
diseases in male patients can be explained by an XXY genotype 
or a post-zygotic mutation early in embryogenesis.

Hypomelanosis of Ito describes a linear and whorled pat-
tern of hypopigmentation typically following the lines of 
Blaschko. Hypomelanosis of Ito is no longer considered to be 
a distinct disease but a clinical pattern of hypopigmentation 
associated with a number of different mosaic chromosomal 
abnormalities. Hypomelanosis of Ito may be an isolated skin 
anomaly or associated with developmental anomalies of the 
central nervous system and musculoskeletal defects.

Treatment: Treatment is not usually required for the cutane-
ous lesions seen in disorders of mosaicism, although topical 
corticosteroids, emollients, and topical antibiotics may be used 
as needed. Treatment of associated findings in syndromal cases 
is similar to that in individuals without mosaicism.

Prognosis: The prognosis for individuals with mosaicism 
depends upon the underlying etiology as well as associated 
anomalies. Among individuals with isolated mosaicism along 
the lines of Blaschko, morbidity and mortality is negligible; 
among those representing complex syndromes, morbidity and 
mortality is variable.
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Fig. 7.8.2 Lines of Blaschko. This “system of lines” on the surface of the human 
body which the linear nevi and dermatoses follow was prepared by Blaschko 
in 1901.4
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7.9 ePidermal aPPendaGe aBnOrmaliTieS

(Alopecia, Hypotrichosis, Hypertrichosis, Hirsutism, Nail Dysplasia)

Definition: Abnormal formation of hair, nails, and sweat glands.

ICD9/ICD10: 704.0, 704.1, 703.8/L63, L68.9, L60.3 Syndrome Associations (Appendix)
Barber-Say
CHILD (NSDHL)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Cornelia de Lange (NIPBL, SMC1A, HDAC8, 
SMC3, RAD21)
Focal dermal hypoplasia (PORCN)
Hallerman-Streiff
Incontinentia pigmenti (IKBKG)
KID (GJB2)
Menkes (ATP7A)
Nail-Patella (LMX1B)
Netherton (SPINK5)
Pachyonychia congenita (KRT16, KRT17, 
KRT6A, KRT6B)
Trichothiodystrophy (ERCC2, ERCC3, GTF2H5)

Birth prevalence: 1/10,000–1/100,000

Associated anomalies: CNS, skeletal, cardiac, ocular, 
auditory, dental

Laboratory studies: chromosome analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: amniocentesis/CVS for gene 
sequencing

Cause: Mendelian (AD, AR, XL), environmental

Developmental anomalies of the epidermal appendages may 
occur as isolated defects or as a component of particular syn-
dromes. Developmental abnormalities that encompass more 
than one of these structures are typically classified as ectoder-
mal dysplasias (Entry 7.3).

Congenital alopecia, or hair loss, may be localized or dif-
fuse, isolated or syndromal.1,2 Localized congenital alopecia 
(alopecia areata) refers to circumscribed areas of hair loss at 
birth, most commonly overlying a nevus sebaceous or aplasia 
cutis congenita. They may also occur with other developmental 

A B

Fig. 7.9.1 A: Thinning of frontal hair in a 5-year-old male with Costello syndrome. B: Six-year-old male with progeria showing loss of hair and smooth thin skin with 
visible subcutaneous blood vessels.
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scalp lesions such as neural tube closure defects and heman-
giomas. Localized patches of permanent alopecia are a compo-
nent of several syndromes including incontinentia pigmenti, 
focal dermal hypoplasia of Goltz, the CHILD syndrome, and 

Hallerman-Streiff syndrome. Diffuse alopecia (alopecia tota-
lis and alopecia universalis) presenting at birth or in early 
infancy may be caused by reduced or absent hair follicles 
(hypotrichosis) or by abnormal development of the hair shaft. 

Fig. 7.9.3 Sparse, kinky hair in infant with Menkes syndrome. (Courtesy of Arthur S. Aylsworth, University of North Carolina School of Medicine, Chapel Hill.)

Fig. 7.9.2 Left: child with Netherton syndrome showing characteristic sparse hair. Right: bamboo hair shaft abnormality in Netherton syndrome.
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Hypotrichosis may be an isolated finding or a manifestation 
of one of the ectodermal dysplasias. It may also be associated 
with disorders of keratinization such as the KID (keratitis, ich-
thyosis, deafness) syndrome. Progeria and neonatal progeroid 
syndromes may also present with sparse hair development 
(Fig. 7.9.1).

In addition, there are a number of hair shaft defects that 
present with brittle hair and alopecia. Netherton syndrome is 
characterized by trichorrhexis invaginata (bamboo hairs) and 
is associated with mutations in the SPINK5 gene (Fig. 7.9.2). Pili 
torti and trichorrhexis nodosa are seen in Menkes syndrome, 
an X-linked recessive disorder caused by mutations in the 
ATP7A gene on Xq12-13, which encodes a copper-transporting 
ATPase (Fig. 7.9.3). Pili torti and trichorrhexis nodosa may 
also occur as isolated findings. Trichothiodystrophy is char-
acterized by brittle sulphur-deficient hair that has a tiger-tail 
appearance on polarized light microscopy.

Hypertrichosis, or excessive amount of hair growth, may 
be localized or generalized.3 Localized hypertrichosis, or a 
circumscribed patch of increased hair growth, is a common 
finding overlying a congenital smooth muscle hamartoma or 
plexiform neurofibroma. Nevoid hypertrichosis in the lumbo-
sacral area or at other neural tube closure sites may be asso-
ciated with spinal cord dysraphism. A  collarette of hair that 
is longer and darker than the surrounding hair may surround 
neural tube closure defects and areas of aplasia cutis on the 
scalp. Generalized hypertrichosis is a component of multiple 
syndromes, including Cornelia de Lange (Brachmann-de 
Lange) syndrome, Coffin-Siris syndrome, and Barber-Say syn-
drome (Fig. 7.9.4). Maternal drug and alcohol ingestion during 
pregnancy has been implicated in some cases.

Nail defects occur in the ectodermal dysplasias and 
as a component of many other syndromes (Fig. 7.9.5).4 
Pachyonychia congenita is a keratinization disorder in which 
keratin accumulates under the nail plate resulting in dystrophy 
and excessive curvature of the nails. Pachyonychia congenita 
type I  is associated with white plaques of leukokeratosis on 
the tongue, palmar plantar keratoderma, psoriasiform papu-
lar skin lesions, and epidermal cysts. Pachyonychia congenita 
type II is associated with natal teeth. Mutations in keratins 
type 16 and 6A are found in type I and keratins type 17 and 
6B in type II. Both are autosomal dominant disorders. The nail 
abnormalities in Nail-patella syndrome (NPS) include micro-
nychia, hemionychia and occasionally anonychia. A triangu-
lar shaped lunula, if present, is pathognomonic (Fig. 7.9.5).4 
Skeletal abnormalities include a small, easily subluxed patella, 
posterior iliac horns, hypoplasia of the proximal radius and 
ulna, and scoliosis. There may be associated palmar plan-
tar hyperhidrosis. Chronic renal disease and musculoskel-
etal symptoms often do not become clinically apparent until 
early adult life. NPS is an autosomal dominant disorder due to 
mutations in LMX1B. Nail hypoplasia may be seen in numer-
ous syndromes, such as trisomy 18 and Coffin-Siris syndrome 
(5th finger hypoplasia).

Treatment: No specific treatments exist for most of the epi-
dermal appendage developmental defects. Treatment of asso-
ciated anomalies in syndromal forms varies by syndrome and 
affected organ system.

Prognosis: The prognosis is good for individuals with most 
types of isolated alopecia, hypertrichosis, or nail dysplasia. 

Fig. 7.9.4 Marked hirsutism on the back and lower limbs in a newborn infant with Cornelia de Lange syndrome.
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Among those individuals with syndromal forms of epidermal 
appendage abnormalities, morbidity and mortality is variable.
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Fig. 7.9.5 Nail abnormalities. A: Hypoplasia of nails and distal phalanges associated with prenatal Dilantin exposure. B: Nail dysplasia with cutaneous pterygia 
extending onto nails in Nail-patella syndrome. C,D: Discoloration, pitting, and distortion of nail shape in a child (left) and adult (right) with ectodermal dysplasia. 
E: Pitting, irregularity of shape, and distal fraying of nails in dyskeratosis congenita.
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7.10 diSOrderS Of COnneCTiVe TiSSUe WiTH Skin inVOlVemenT

(Skin Fragility, Hyperextensible Skin, Poor Wound Healing)

Definition: A heterogeneous group of conditions with weakness of the connective tissue caused by alterations in collagen or 
other connective tissue proteins.

ICD9/ICD10: 710.9/L94.8 Syndrome Associations (Appendix)
Cutis laxa (ELN, FBLN4, FBLN5, ATP6VOA2, PYCR1, 
ATP7A, SLC2A10, LTBP4, RIN2)
Ehlers Danlos:
EDS I/II (COL5A1, COL5A2), EDS III, EDS IV 
(COL3A1), EDS VIA (PLOD1), EDS VIB (CHST14), 
EDS VIIA (COL1A1), EDS VIIB (COL1A2), EDS VIIC 
(ADAMST2), EDS VIII
Loeys-Dietz (TGFBR1, TGFBR2, SMAD3, TGFB2, TGFB3)
Marfan (FBN1)

Birth prevalence: 1/2,500–1/5,000

Associated anomalies: Skeletal, ocular, cardiovascular, 
pulmonary, GI, nervous system

Laboratory studies: gene sequencing

Prenatal diagnosis: amniocentesis/CVS for gene 
sequencing

Cause: Mendelian (AD, AR, XL)

Ehlers-Danlos syndrome (EDS) is a heterogeneous group 
of disorders characterized by abnormal collagen formation. 
In EDS types I/II (classic type) the collagen defect results in 
hyperextensible skin, easy bruising, fragile skin with abnormal 
wound healing, and joint hypermobility. EDS III (hypermobil-
ity type) is characterized by generalized joint hypermobility, 
soft skin and debilitating chronic pain. In type IV EDS (vas-
cular type), the skin is thin and translucent with a prominent 
subcutaneous venous pattern (Fig. 7.10.1), petite facial appear-
ance, and acrogeria. The collagen defect in this life-threatening 
variant may cause spontaneous rupture of major blood vessels 
as well as the uterus and bowel. There is skin fragility and easy 
bruising in type VI EDS (kyphoscoliosis type), in which pro-
gressive scoliosis and ocular fragility are found, and in EDS 
type VIIA/B, associated with arthrochalasia. EDS Type VIIC, 
or dermatosparaxis type, is characterized by loose sagging 
skin. Periodontitis is a feature of type VIII EDS. Table 7.10.1 

Fig. 7.10.1 Prominent venous pattern and bruising of feet in a patient with 
Ehlers-Danlos syndrome type IV.

TABLE 7.10.1  Unclassified variants of ehlers-danlos syndromes

COndiTiOn CliniCal feaTUreS inHeriTanCe GeneS

Progeroid Loose elastic skin, marked joint hypermobility, thin scars, hair loss, hypotonia, 
aged appearance

AR B4GALT7

B3GALT6 deficiency Skin fragility, delayed wound healing, joint hypermobility, contractures, 
hypotonia, intellectual disability, SEMD with fractures, severe kyphoscoliosis

AR B3GALT6

Cardiac valvular Cardiac valvular insufficiency, joint hypermobility, skin hyperextensibility AR COL1A2

FKBP14 related Marked kyphoscoliosis, hearing loss, myopathy AR FKBP14

Spondylocheiro-dysplastic Spondyloepiphyseal dysplasia, mild short stature, hyperelastic thin skin, easy 
bruising

AR SLC39A13

Tenascin-X deficiency Joint hypermobility, skin hyperextensibility, marked bruising, normal scarring AR TNXB

Periventricular heterotopia Periventricular heterotopia, joint hypermobility XL FLNA

Adapted from Byers and Murray1
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describes additional EDS types that have been distinguished 
on clinical and genetic grounds but not yet incorporated into a 
classification scheme.1

Marfan syndrome is an autosomal dominant disorder 
caused by mutation in fibrillin-1 and consequent abnormal 
development of the elastic fiber system.2 Striae distensae are 
a common cutaneous finding, and elastosis perforans serpigi-
nosa occasionally occurs in this condition. Loeys-Dietz syn-
drome is characterized by vascular findings (aggressive arterial 
aneurysms), skeletal findings similar to Marfan syndrome, and 
cutaneous findings similar to EDS IV, including velvety, thin, 
translucent skin with prominent veins, easy bruising, and dys-
trophic scarring.

Cutis laxa is characterized by abnormal elastic fibers 
resulting in loose, redundant, hypoelastic skin.3 There are 
numerous genetically distinct variants. The autosomal domi-
nant form has been linked to mutations in the elastin gene. 
The X-linked form, also known as occipital horn syndrome 
(formerly EDS IX), is allelic to Menkes disease and caused by 
a defect in copper transporting ATPase. Several autosomal 
recessive types have been described with varying degrees of 
systemic involvement.

Treatment: Treatment is not usually required for the cutane-
ous lesions seen in disorders of connective tissue. Treatment 
of associated anomalies in the connective tissue disorders 
varies by syndrome and affected organ system. However, 
caution should be taken with surgical procedures, as poor 
wound healing and skin fragility are present in many of these 
conditions.

Prognosis: The prognosis for individuals with cutaneous 
involvement of a connective tissue disorder depends upon 
the underlying etiology as well as associated anomalies. For 
example, individuals with EDS III have high morbidity due to 
chronic pain but very low mortality; individuals with EDS IV 
have very high morbidity and mortality due to vascular aneu-
rysms and rupture.
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8 | MUSCLE

JUDITH G. HALL

INTRODucTION

Muscle is a quite unique organ within the body. It has the 
ability to produce movement and force in response to both 
internal and external stimuli. Changes in muscle mass and 
function have major influences on the structure of other tis-
sues and organ systems during fetal life as well as throughout 
infancy and childhood. The volume and weight of muscle are 
related to its use postnatally; however, it normally represents 
about 55 percent of body weight. Muscle size is dynamic and 
can atrophy or hypertrophy depending on use. Muscle repre-
sents one of the largest and most widely distributed tissues in 
the body. In addition, there are several types of muscle: vol-
untary, cardiac, and smooth muscle, as well as mixtures and 
transitions. Muscle tissue can have a variety of disturbances in 
its formation and morphogenesis which lead to primary and 
secondary congenital anomalies. This chapter will describe 
certain conditions with absence, hypoplasia, and hyperpla-
sia of voluntary muscle, localized abnormalities and varia-
tions in muscle, and atavisms. Other conditions with absent 
or hypoplastic muscles (diaphragmatic hernia, microglossia), 
hypertrophy or hyperplasia (macroglossia, pyloric stenosis), 
and failure of muscle function (achalasia and chalasia) are 
described elsewhere (Entries 24.12, 18.1, 18.2, 26.19b, 26.10 
and 26.11, respectively).

Historically, a great deal of attention was paid to the dis-
section and description of human musculature, particularly 
voluntary muscles.1,2 The early anatomists and pathologists 
noted variations and anomalies. The mechanisms of embry-
ology, physiology, and molecular biology were poorly under-
stood at that time. The genetic mechanisms producing and 
maintaining muscle, as well as its interactions with other tis-
sues, are just beginning to come to light.3 Much of the recent 
work has focused on degenerative muscle diseases, cell biol-
ogy, and embryology. Knockout mice have been important 
in understanding the hierarchy of genes involved in muscle 
development and maintenance.4 Issues of dysmorphogenesis 
and interactions with other tissues have yet to be explored. 
The studies of patients with various syndromes usually over-
look the musculature and rarely include careful dissection 
of muscles or detailed histologic, biochemical, and molecu-
lar examinations at autopsy. A  great deal of work waits to 
be done, both in the normal situation and in the abnormal, 
using imaging and in vivo measurements to study muscle 

activity. To appreciate the mechanisms underlying disorders 
of formation and maintenance of muscle, techniques such as 
functional MRI, radionucleic tagging, functional molecular 
models, and animal models should be utilized in various syn-
dromes to help to inform both normal and abnormal muscle 
morphogenesis.

Muscle can have both direct and indirect effects on the 
morphogenesis of other tissues. As muscle forms, it is quite 
clear that it interacts with connective tissue, the bones, and the 
structures around the muscle fibers. It appears that if any one 
of those elements is missing, then a limb may fail to develop; 
thus, some limb reduction anomalies may be due to somatic 
mutation or the loss of function of embryonic muscle. The size 
and ultimate configuration of a specific muscle is determined 
after birth by its use at various ages. The dynamic forces of the 
muscle in response to use, trauma, and disuse also affect the 
growth and the modeling of the bone to which it is attached. 
The craniofacial configuration is very much influenced by the 
use of facial muscles.5,6 During growth, long bones respond to 
increased muscular use (by increased cortex) or to decreased 
use (by developing as long gracile structures). Although this 
chapter deals with congenital anomalies, bone shape and 
structure continues to be remodeled and repaired throughout 
life. Muscle “disuse” during intrauterine life (fetal akinesia) 
clearly affects the development of bone in the fetus and also 
affects other structures such as lung, gut, and palate, as well as 
overall growth.6

During the embryonic and fetal development of the ear, 
muscles shape the cartilage; during the development of the 
craniofacies, muscles affect the shape of the face; in utero 
tongue and jaw movement affect interoral structures such 
as the palate and palatine ridges.7 There are developmental, 
functional disorders of muscle that lead to secondary devel-
opmental abnormalities of the skeleton such as scoliosis and 
long bone bowing.

Lack of movement related to loss of muscle function 
leads to reduced joint motion and abnormal joint surfaces. 
Contractures develop with disuse, which range in severity 
usually related to how long there has been decreased move-
ment. Secondary webs of skin may develop across a joint with 
decreased movement if there is decreased movement of that 
joint during a time of long bone growth. Without normal fetal 
movement, the normal flexion creases and normal contours  
of the limbs do not develop. Finally, it is important to note that 
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there is a particularly integral relationship between muscle and 
the central nervous system during development. Abnormal 
central nervous system development can have a devastat-
ing impact on muscle development and function, and vice 
versa: abnormal embryonic/fetal muscle may lead to failure of 
the central nervous system neurons to mature.8 When muscle 
is not used or loses its innervation, it becomes hypoplastic and 
may even revert to fiber and fat.

Normal vascular development is also important to normal 
muscle development, since the loss of normal vascular supply 
may lead to loss or hypoplasia of muscle. Normally the vascu-
lar supply seems to develop in response to muscle growth and 
utilization. However, if there is failure of vessel development 
or loss of functional blood vessels due to clots or compression, 
there will be secondary loss of muscle. If this occurs during 
fetal life, retrograde loss of neurons may occur. Descriptions of 
muscle structural anomalies need to include the blood vessels 
in order to distinguish the primary cause of muscle abnormali-
ties. Central nervous system vascular compromise can lead to 
loss of nuclei and/or cranial nerves with secondary loss or 
hypoplasia of muscle.

Disorders of cardiac muscle development are discussed 
elsewhere, but obviously hypertrophy or hypoplasia of car-
diac muscle could have profound effects on other body struc-
tures if it affects vascular flow. The effect of abnormalities of 
smooth muscle may be more subtle, both in the vasculature 
and organs. Congenital anomalies or loss of smooth muscle are 
well documented in the blood vessels and in the gastrointesti-
nal and genitourinary tracts. Specific voluntary muscles may 
be affected, as in the loss of eye muscles, tongue, facial muscles, 
or abdominal wall muscles.

The terminology used to describe abnormalities of 
muscle mass has often been used indiscriminately: atrophy 
(decrease in size), hypoplasia (underdevelopment), and 
aplasia (failure to develop) have been used interchangeably, 

leading to confusion. In addition, hyperplasia (increased 
tissue and cells) and hypertrophy (enlargement of existing 
tissue and cells) are usually not distinguished. Every effort 
should be made to describe abnormalities accurately. This 
chapter attempts to deal with primary disorders of muscle 
morphogenesis rather than the secondary effects of muscle 
on other tissues.

E M B RY O L O G Y

The advances in molecular biology have led to extensive stud-
ies of the development of muscle during early and late embry-
ology.3 However, its relationship to the surrounding tissues 
and the determination of the exact position in which the mus-
cles form in relationship to other tissues are still poorly under-
stood.3 Stem cell work suggests all types of muscle needs to be 
maintained as differentiated tissue (probably by signals from 
the surrounding connective tissue and attached nerves) or it 
will revert to fiber and fat.

Skeletal muscle is composed of aggregates of multinucle-
ated cells called muscle fibers. These muscle fibers are produced 
by the fusion of embryonic myoblasts. They are relatively long 
and have a histologic pattern of striations across the muscle 
fibers. (Fig. 8.I.1). The cross-striated pattern seen in striated 
muscle is the consequence of the aggregation of bundles of 
myofibrils which form the basic repetitive subunit of the con-
tractural apparatus known as the sarcomere. Thin filaments 
representing actin and thick filaments representing myosin 
are arranged in a hexagonal array with each thick filament of 
myosin surrounded by six thin filaments of actin. There are 
a number of other proteins involved in the contractural body 
that are often different, in the embryo and fetus, from those in 
the child and adult. These include a variety of tropomyosins, 
tropins, and embryonic myoglobins, which are expressed in a 
hierarchical and sequential manner. Myofibrils are embedded 

Fig. 8.I.1 Organization of muscle fibers and myofibrils.
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in the sarcoplasmic reticulum. The cell membrane surrounding 
the sarcomere is called the sarcolemma. Embedded in the sar-
coplasmic reticulum are transverse fibrils that conduct polar-
ization from the myoneural junction in a way so as to ensure 
uniform muscle contraction. The inner surface of the sarco-
mere membrane has a number of structures and proteins that 
are necessary to maintain its structural integrity. If any of these 
are missing, degeneration of muscle tissue can occur, or the 
muscle may fail to perform in a normal way. Each muscle fiber 
is surrounded by connective tissue known as endomysium. The 
muscle fibers are surrounded by a layer of perimysium. The 
entire muscle is surrounded by a dense sheet of connective tis-
sue known as epimysium.

A single afferent nerve fiber, the neuromuscular endplate, 
and all the muscle fibers that it innervates are referred to as 
a motor unit. A single nerve fiber may innervate from one to 
160 muscle fibers. The junction between the nerve ending and 
the sarcolemma that surrounds the muscle fiber is known as 
the motor endplate. The ultrastructure and physiology of these 
structures have been well worked out. Any failure in the motor 
endplate structure may also lead to a dystrophy or a muscle 
disease process.9

The connective tissue elements of the craniofacial muscles 
are of neural crest origin, while the myoblasts are mesodermally 
derived. In other muscles, both the connective tissue and myo-
blasts are of mesodermal origin. There are very specific parts 
of the mesoderm that participate in the formation of striated 
muscle. The structural development has been well described; 
however, the molecular basis is only beginning to be defined.3 
Early in embryonic development, the mesoderm is formed as 
cells gastrulate through the primitive streak. Paraxial, interme-
diate, and lateral plate mesoderm form bilaterally. The paraxial 
mesoderm consists of elongated cell masses on each side of 
the neural groove. Intermediate mesoderm, which forms the 
kidney and internal genitalia, is located lateral to the paraxial 
mesoderm. The lateral plate mesoderm splits into the ventral 
splanchnopleure, and the dorsal somatopleure. As gastrulation 
begins, the paraxial mesoderm is unsegmented. Beginning in 
the third week of human gestation, somites are generated in 
an oscillating pattern in the presomitic paraxial mesoderm. 
This involves the Notch signaling pathway. Segmentation pro-
gresses from the cranial to caudal direction. The process is 
completed during the fifth week of gestation. There are 38–39 
pairs of somites (4 occipital, 8 cervical, 12 thoracic, 5 lumbar, 5 
sacral, and 4–5 coccygeal). Additionally, at cranial levels, seven 
or eight segments termed somitomeres are formed. The somites 
differentiate into dermatomyotomes and sclerotomes, while 
the somitomeres lack a sclerotomal component. The sclero-
tomes arise from the ventral medial portion of the somites, 
while the lateral portion gives rise to the dermomyotomes. The 
myotomes are comprised of an epaxial component that gives 
rise to the true back muscles and a hypaxial component from 
which the body wall and intercostal muscles are derived. The 
occipital and cervical somites give rise to the muscles of the 
tongue, diaphragm, limb bud, and girdle. Paraxis and Pax-3 
are associated with epithelialization in these tissues, while 
myogenesis is dependent on the myo D family.3 The sclero-
tomes contain the precursors of fibroblasts, chondroblasts, 

and osteoblasts, which will interact with the myotomes later 
in development.

Muscle fibers pass through four stages prior to reaching 
maturation: the premyoblast, myoblast, myocyte, and myotube 
stages. It is now recognized that each stage expresses differ-
ent genes and growth factors.3 Myotubes begin to differentiate 
into skeletal muscle early in the fifth week, with the exception 
of some truncal muscles (rectus abdominus, erectors of the 
spine, and some small paravertebral muscles). Premyoblasts 
are undifferentiated, elongated spindle shaped, and undergo 
multiple cell divisions. When they stop dividing they become 
myoblasts.10 In this postmitotic state, the mononuclear cells are 
able to synthesize the myofilamentous proteins (myosin, actin, 
and other contractile proteins). Myoblasts contain randomly 
distributed myofilaments, central nuclei, ribosomes, Golgi 
apparatus, and mitochondria. Myofilaments are seen in paral-
lel with Z-line formation. Myocytes represent an intermediate 
stage between myoblasts and myotubes. Myocytes are mono-
nuclear cells in close contact with each other. Myotubes form 
by the fusion of the plasma membranes of several myocytes. 
There are three types of myotubes—primary, secondary, and 
tertiary—which can be identified because they react to differ-
ent monoclonal myosin heavy-chain antibodies10 and undergo 
differing development. Primary myotubes arise independently 
from any innervation and develop into type 1 fibers rich in 
oxidative enzymes. The small secondary fibers constitute the 
majority of myofibers recognized at week 20 of gestation. They 
are dependent on the presence of nerve fibers. The tertiary 
myotubes can be recognized as distinct by their immunologic 
staining between weeks 16 and 23 of gestation.9 All three types 
of myotubes contain multiple centrally located nuclei, various 
organelles, Golgi apparatus, tubules, cytoskeletal filaments, 
and contractile thin (actin) and thick (myosin) filaments. 
Intermediary filaments do not contain contractile proteins; 
rather, they contain such protein subunits as desmin, filamin, 
tubulin, titin, nebulin, and other proteins that have a stabiliz-
ing effect on the sarcomeres.

During the next step of muscle development the centrally 
located nuclei migrate to the periphery, and contractile fila-
ments fill in the central core spaces.9 At this point, the myo-
tubes have become myofibers. Growth of the myofibers takes 
place by the addition of new sarcomeres at the ends of the 
muscle fibers. Satellite cells (myoblasts that were dormant in 
early stages of muscle maturation) multiply, but the nuclei of 
the myofibers have lost the ability to divide. Tendons grow 
independently from the developing myofibers but may play a 
role in orienting the muscle, and they eventually fuse with the 
muscle. If no fusion occurs, both tissues degenerate into non-
specific connective tissue.

The primary myotubes develop independently from nerves. 
However, if innervation of the muscle does not take place 
shortly after they have been formed, they degenerate into non-
specific connective tissue. This type of secondary degenera-
tion of the muscle is seen in neural tube defects, some cases of 
arthrogryposis, and in cases of agenesis of parts of the spinal 
cord.11 Innervation is mandatory for the maintenance of the 
muscle. The innervation also plays a role in the differentiation of 
slow twitch and fast twitch fibers. A slow twitching muscle can 
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be changed into a fast twitching muscle by transplantation of 
a nerve originally innervating a fast twitching muscle and vice 
versa. In humans, the earliest evidence of motor endplate for-
mation is found during the ninth to tenth week of development. 
12 By week 28, the motor endplate is similar to that of adults.

The differentiation of type 1 muscle fibers with high oxida-
tive and low glycolytic activities occurs at a slow pace. The type 
2 muscle fibers can be divided into type 2A (strongly reacting 
to adenosine triphosphatase at pH 9.4) and type 2B (strongly 
reacting with ATPase at pH 4.6).13 Before week 20 of gestation, 
the fibers are rounded and small and stain uniformly, and the 
muscle fibers are widely separated by a loose connective tissue 
that later disappears. After week 20, the fibers are more densely 
aggregated and assume a polygonal shape, and the two fiber 
types become discernible. After week 28, the previously centrally 
located nuclei migrate to the subsarcolemmal area. The muscle 
fibers are still small, with a diameter usually under 25 μm.

Formation of individual muscle groups requires coordi-
nated differentiation of local myogenesis processes. 3 Muscle 
is first organized to form a scaffold for further development. 
Thereafter, additional myotubes are generated with a wave of 
cell proliferation. Maturation is influenced by innervation, 
growth factors, and the demands on the muscle. Shifts from 
embryonic to adult muscle isoforms occur as well.

Increase in muscle mass involves increases in the number 
and volume of muscle fibers. During prenatal life, increase 
is mainly numerical (hyperplasia). The number of myofibers 
remains more or less fixed during postnatal life. The muscle 
fibers enlarge rapidly (hypertrophy) during infancy and early 
childhood and are largest in adolescence and young adults. 
The growth pattern of muscle fibers varies from individual to 
individual. Infants and even 2-year-old toddlers with “essen-
tial hypotonia” have extremely small muscle fibers and only 
develop normal fiber size during preschool age.9,14

Muscle mass can be increased, decreased, or disorga-
nized. Muscular hypoplasia or aplasia refers to the failure of 
the muscle to achieve the conventionally accepted lower limit 
of growth, or, in the case of aplasia, to form at all. Inadequate 
muscle is formed (or may be lost after formation) in condi-
tions such as prune belly syndrome and in some variants of 
arthrogryposis.

Muscle growth is under hormonal influence. Testosterone 
and other steroids have a growth-promoting effect. Muscular 
hyperplasia indicates a condition in which the anlage of mus-
cle is excessive, resulting in an increased number of muscle 
fibers. One speaks of muscular hypertrophy if muscle mass 
increases secondary to external influences in which there are 
no new cells but rather an increase in protein synthesis in the 
muscle.15,16

The size of muscle fibers and of the whole muscle mass 
increases with muscle activity (hypertrophy). Isotonic con-
traction has a stronger effect on muscle growth, as evidenced 
by the muscular hypertrophy seen among bodybuilders. It is 
not always possible clinically to distinguish muscle hyperplasia 
from muscle hypertrophy. Thus, the term muscular hypertro-
phy is often used for muscle enlargement.

The terms hypotrophy or atrophy are used when a pre-
viously present muscle mass decreases or disappears, for 

example, muscle atrophy after disuse or immobilization or 
atrophy due to diseases within the motor unit. It is sometimes 
difficult to differentiate hypoplasia from hypotrophy, nota-
bly in cases when hypotrophic fibers and developmentally 
arrested fibers coexist, as is seen in some congenital myopa-
thies and in malformations of the ventral horns of the spinal 
cord. In the latter situation, arrest of muscle fiber develop-
ment (hypoplasia) is combined with atrophy of disuse.

Inactivity and immobilization of muscle leads to decreased 
muscle mass, such as in atrophy due to disuse as evidenced by 
the severe atrophy of muscles immobilized by a cast. Starvation 
has a similar effect. Immobilized muscles that are relaxed show 
more marked atrophy than muscles immobilized under ten-
sion; the latter may even show some hypertrophy.14 Aging 
leads to shrinking and loss of muscle fibers. Profound muscle 
atrophy also follows denervation of muscle. Here paralytic 
(disuse) atrophy combines with the loss of the trophic influ-
ence that nerves exert on muscles (including decreased blood 
flow). Histologically, one finds a gradual reduction of muscle 
fibers. Sarcoplasm and myofibrils likewise decrease in volume. 
Longitudinal and cross-striations, as well as motor endplates, 
are preserved until late in the atrophic process even in the 
denervated muscle.15

Muscle dysplasia may be characterized by replacement 
of muscle mass by fat and fibrous tissue, disarray of myofila-
ments, abnormal inclusions, poor differentiation of fiber types, 
and arrest of muscle fiber development in which fibers may 
display various stages of fetal muscle.

Muscle dystrophy is a progressive degenerative disorder 
of muscle characterized by random variation in fiber size, 
increase in endomysial and perimysial fibrosis, and degenera-
tion and regeneration of muscle fibers. This group of disorders, 
most dystrophies, and other metabolic degenerative condi-
tions of muscle are not considered in this chapter.

When muscle fibers or parts of muscle fibers are injured, 
some regeneration is possible. Satellite cells accumulate in the 
areas of the injury, fuse, and form myotubes, which then follow 
the steps of normal muscle development. The newly formed 
myotubes fuse with the noninjured fiber parts. It is then pos-
sible to see different phases of development within the same 
muscle fiber.16
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8.1 eXcess Of Muscle

8.1A HYPERTROPHIA MUSCULORUM VERA

Definition: The presence of enlarged muscle at birth.

ICD9/ICD10: 728.3/M62.89 Syndrome Associations (Appendix)
Extra pyramidal hyperkinesis
Postinfection typhoid fever

Birth prevalence: very rare

Associated anomalies: firm, hard muscle texture, 
developmental delay, muscle cramps, CNS anomalies

Laboratory studies: usually normal muscle fibers, EMG 
and serum enzymes normal

Prenatal diagnosis: unknown

Cause: sporadic, rarely Mendelian

Hypertrophia musculorum vera (HMV) is recognized in 
infancy or childhood.1 Enlargement of muscle by hypertrophy 
is not associated with enlargement of bone or connective tis-
sue. Because of the relatively large muscle, affected children 
have an athletic appearance. The muscles are firm or even hard 
on palpation. The muscle tone may be increased, normal, or 
hypotonic. Myotonic reactions such as delayed relaxation and 
percussion myotonia are absent, although sometimes a small, 
localized indentation of muscle may be present after tapping 
with the reflex hammer. Reflexes may be difficult to elicit, 
normal, or hyperactive. The condition is benign. However, 
since the athletic body build resembles that of children with 
Thomsen myotonia congenita and Becker autosomal recessive 
myotonia, evaluation is usually indicated. The electromyogram 
is normal. Muscle biopsy shows normal or sometimes enlarged 
muscle fibers, but not dystrophic changes.2

HMV is undoubtedly of heterogeneous etiology. In 1913, 
Spiller described cases of HMV and reviewed earlier reported 
cases.3 Together with later authors, he questioned whether 
there was a single etiology or disorder.4-7 Krabbe described a 
postneuritic HMV occurring after infectious diseases, notably 
typhoid fever.6

Hall et al. suggested a genetic basis, observing a boy who was 
the product of an incestuous relationship and who presented 
conspicuous HMV, muscular hypertonia, and developmental 
delay.8 The muscle biopsy was normal, and the muscle fiber 
diameter was within the normal range. Poch et al. described a 
large, three-generational family with 14 cases of HMV.1 Male-to-
male transmission was noticed. The patients developed marked 

hypertrophy of the calves and, in some cases of the masse-
ters, in their teens. Cramps and paresthesias occurred in the 
affected muscles in some affected individuals, and others had 
no complaints. No other abnormal neurologic symptoms were 
noticed. Electromyograms (EMGs) were normal in some and 
slightly abnormal in others (fibrillations at rest in the affected 
muscles but not in unaffected muscles). Myotonic discharges 
were absent. The serum enzymes were normal.

De Lange described three unrelated children with muscu-
lar hypertrophy, hypertonia, developmental delay, and death 
in early childhood.9 The autopsy of one case revealed central 
nervous system malformations, with micropolygyria, status 
spongiosus, hypoplasia of the corpus callosum, and moderate 
ventriculomegaly. However, most cases of HMV are of normal 
intelligence.
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8 . 1 B  K O C H E R - D E B R É - S É M É L A I G N E

(Hypothyroid Myopathy, Hypothyroid Large Muscle Syndrome)

Definition: Hypothyroidism in infancy or childhood characterized by large muscles.

ICD9/ICD10: 756.9/Q79.9 Syndrome Associations (Appendix)
None

Birth prevalence: 1/5,000 newborns is hypothyroid, but 
less than 5% of those have enlarged muscles

Associated anomalies: hypertonia, stiffness, muscle pain, 
fatigue, macroglossia, cardiac failure

Laboratory studies: increased creatine kinase, myopathy, 
EMG, muscle biopsy non-specific

Prenatal diagnosis: not described

Cause: unknown, unusual response to treatment for 
hypothyroidism, may have AR basis.

Muscular hypertrophy may be seen in some individuals with 
hypothyroidism, both in infants and older individuals (Fig. 
8.1b.1).1-3 The muscular enlargement can be reversed with 
treatment of the hypothyroid. Kocher described its presence 
in an exhaustive clinical description of congenital hypothy-
roidism.4 Some cases of myxedema displayed considerable 
muscular hypertrophy with hypertonia or even stiffness of the 
limbs. Hypotonia and weakness occurred in other patients 
with myxedema without muscle enlargement. Older individu-
als with muscular hypertrophy and hypothyroidism complain 

of muscle pains. They fatigue rapidly after mild exercise, 
their movements are slow, and myostatic reflexes are delayed. 
Macroglossia may be seen with the muscle enlargement.

Debré and Sémélaigne described two infants with typical 
findings of hypothyroidism with macroglossia and other hypo-
thyroid symptoms combined with generalized muscular hyper-
trophy giving an athletic appearance.5 Subsequently, the terms 
Kocher-Debré-Sémélaigne syndrome and Debré-Sémélaigne 
syndrome were coined, and a number of additional cases have 
been reported.3,6-12 Cross et al. reported the occurrence of agoi-
trous hypothyroidism with muscular hypertrophy in two off-
spring of a consanguineous marriage.8 However, the genetic 
basis appears to be complex since not all hypothyroid or myx-
edematous individuals have muscular hypertrophy.

A thorough study of the electromyographic, light 
microscopic, and ultrastructural changes in seven cases of 
Debré-Sémélaigne syndrome and three cases of hypothy-
roidism without muscle hypertrophy were reported by Afifi 
et  al.7 Creatine kinase was regularly increased in their cases 
but was normalized after thyroid medication. The EMG was 
normal in one case and myopathic in six cases. Muscle biop-
sies were performed in several patients:  two showed marked 
centralization of nuclei, two had variable fiber size, and several 
showed ringbinden. Other cases were normal by light micro-
scopic examination. Electron microscopic studies showed 
a number of abnormalities, but these were inconsistent. 
Abnormalities included very large rounded fibers, increased 
vascularity, increased intermyofibrillar spaces, mitochondrial 
aggregates, large mitochondria, increased glycogen depos-
its, dilated sarcoplasmic reticulum, ringbinden (annulets), 
Z-line abnormalities, and disarray and loss of myofilaments. 
Many myofilaments had lost their longitudinal orientation and 
pointed in various directions. Similar alterations were found in 
the muscle biopsies of patients with hypothyroidism without 
muscular hypertrophy.

The presence of muscular hypertrophy in some but 
not in other cases of hypothyroidism is not understood. 

Fig. 8.1b.1 Coarse facies, anteverted nostrils, large tongue, umbilical hernia, 
and muscular appearance of male infant with hypothyroidism. (Courtesy 
Dr. Charles I. Scott, Jr, A.I, du Pont Institute, Wilmington, DE.)
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Hypothyroidism is clearly heterogeneous. A  separate genetic 
predisposition or some type of environmental factor may be 
responsible for the muscular hypertrophy. Whatever the case, 
the muscular hypertrophy disappears when thyroid medica-
tion is given, while other hypothyroid manifestations, notably 
the intellectual disability in congenital hypothyroidism, may 
not respond to therapy.13,14
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8 . 1 C  H Y P E R E K P L E X I A

(Kok Syndrome)

Definition: Enlarged muscles and hypertonia as part of a neurologic disorder characterized by exaggerated startle response to 
unexpected tactile or auditory stimuli.

ICD9/ICD10: 759.89/G25.8 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: usually none

Laboratory studies: gene testing for glycine 
neurotransmitters

Prenatal diagnosis: gene sequencing if mutation is 
known

Cause: Mendelian (AD, XL)

Hyperekplexia, also called startle disease and stiff baby syn-
drome is characterized by extreme startle responses in which 
affected individuals become stiff when startled.1-3 Affected 
individuals exposed to a sudden auditory stimulus or sudden 
and unexpected physical contact become extremely stiff, lose 
their balance, and fall helplessly to the ground, whereupon 
their stiffness disappears.

Classic hyperekplexia is caused by genetic mutations in a 
number of different genes, all of which play an important role 
in glycine neurotransmission.4-8 Glycine is used by the central 
nervous system as an inhibitory neurotransmitter.

The condition was first described by Kristen and 
Silfverskiold and Kok and Bruyn.9,10 Andermann et al. reviewed 
the literature and pointed out that hyperekplexia is of interest 
in that it is associated with extreme muscular hyperplasia and 
muscle stiffness.2 The term hyperplasia is used instead of the 
term hypertrophy because the children are born with it. Most 
publications fail to mention the hyperplasia of the muscles, 
although the pictures that accompany the case descriptions 
and the personal observations of a family with the syndrome 

convincingly show marked muscular hyperplasia. Besides 
hypertonia and hyperplasia, there are no abnormal neuro-
logical findings. The muscle stiffness may be so extreme that 
mothers have difficulties dressing or diapering affected chil-
dren. Likewise, it may be almost impossible to remove objects 
from the grip of the child’s hands. Apnea and sudden death 
have been reported as a consequence of stiffness of respiratory 
musculature.11 Myotatic reflexes may be difficult to interpret 
and are hyperactive in some instances. EMG is normal in some 
cases; others show simultaneous muscle activity of the pro-
tagonists and antagonists. Hypertonia and hyperplasia dimin-
ish after infancy. Cognitive development and intelligence are 
normal.

GLRA1 mutations have been reported in both AD and AR 
families.4,5 GLRB and SLC6A5 mutations have been reported 
in AR families.6,7

Treatment: The most commonly effective treatment is clon-
azepam, which leads to the increased efficacy of another inhib-
itory neurotransmitter, GABA.8 During attacks of hypotonia 
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and apnea, the limbs and head may be flexed toward the trunk 
in order to dissipate the symptoms.

Prognosis: Appears to be good as long as associates under-
stand episodes and treat symptomatically.
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8.2 DefIcIeNcY Of Muscle

Muscle mass is decreased in many conditions, but it is almost 
impossible to know whether this is due to fewer muscle 
cells (hypoplasia) or atrophy either prenatally or after birth. 
Conditions like arthrogryposis often have markedly decreased 
muscle mass at birth, but it appears to be related to failure to 
maintain and mature embryonic muscle. Many myopathies 
with abnormal microscopic muscle structure also have small 
fibers and atrophy. Disorders of connective tissue such as 
Marfan syndrome have relative myasthenic habitus, but not 
clearly fewer muscle cells.

Primary dysgenesis of muscle, fetal dysplasia, and heredo-
degenerative disease of the motor unit with prenatal onset 
can lead to conditions characterized by muscular hypoplasia, 
muscular hypotonia, and weakness, without multiple congeni-
tal contractures (Fig. 8.2.1). Congenital disorders of muscle 
including congenital muscular dystrophies, metachromatic 
leukodystrophy, spinal muscular atrophy and metabolic dis-
eases such as lysosomal, mitochondrial, and peroxisomal disor-
ders are not discussed in this chapter. The conditions included 
here were known in earlier years as amyotonia congenital of 
Oppenheim (after it was clear that they were not degenerative 
nor had spinal muscular atrophy), muscular infantilism, con-
genital muscular aplasia, or hypoplasia musculorum general-
isata congenita.1-4

Decreased muscle mass is an essential feature of these 
conditions. Muscular hypotonia and more or less pronounced 

muscular weakness are also features. Tendon reflexes are usu-
ally preserved, though they may be difficult to elicit. EMGs are 
normal. Muscle biopsies show normal or small muscle fibers 
(often suggestive of disuse), and some fibers are replaced 
by fat and fibrotic tissue. With advancing age, strength and 
muscle mass may increase slightly in some cases, although 
the musculature remains subnormal in size. The terms listed 
above are no longer used or are only reluctantly accepted and 
have been replaced by the term essential or benign congenital 
hypotonia.5

Congenital muscular hypoplasia is encountered in many 
conditions. Many patients with Camurati-Engelmann dis-
ease show impressive hypoplasia of their muscles.6,7 In some 
patients with Camurati-Engelmann disease who were fol-
lowed from early childhood, the muscular hypoplasia was 
present from the beginning and before pain caused by the 
diaphyseal dysplasia would have hampered muscular activity. 
Disuse atrophy provoked by the pain from the skeletal disor-
der is, therefore, the less likely cause of the decreased muscle 
mass, and muscular hypoplasia may be a primary feature.7 
Reduced muscle mass, however, is not a consistent feature of 
Camurati-Engelmann disease and may be a reflection of the 
specific mutation. Hundley and Wilson reviewed 77 cases and 
found it in only one-half of the cases.8

Muscular hypoplasia occurs, also, in some cases of Marfan 
syndrome and in the marfanoid hypermobility syndrome.9,10 
Muscular underdevelopment and hypotonia are frequently, 
but not invariably, present in Marfan syndrome (Fig. 8.2.2). 
However, in rare cases the muscular hypoplasia was so promi-
nent that a primary muscle disease such as muscular dystrophy 
was suspected.10,11 The subsequent course of the disease allows 
muscular dystrophy to be excluded. Marfan syndrome is due 
to the presence of fibrillin abnormalities which lead to the con-
nective tissue abnormalities. In many cases the specific muta-
tion cannot be determined.12

The development of histochemistry, electron microscopy, 
immunocytochemistry and molecular techniques has led to 
a new understanding of congenitally decreased muscle mass. 
A  host of congenital “nonprogressive” myopathies were dis-
covered in the 1960s and 1970s and are now being defined at 
the gene and molecular level.
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Fig. 8.2.1 Muscle hypoplasia. A, B, C. With contractures, 2 months, 10 years, and 13 years, respectively. D. Generalized muscle hypoplasia in Allan-Herndon 
syndrome.
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8 . 2 A  D E F I C I E N C Y  O F   E X T R A O C U L A R  E Y E  M U S C L E S

(Congenital Fibrosis of the Extraocular Muscles)

Definition: Unilateral or bilateral absence, atrophy, or fibrosis of extraocular eye muscles presenting at birth.

ICD9/ICD10: 743.9/Q15.9 Syndrome Associations (Appendix)
Axenfeld anomaly
Oculocutaneous albinism
CFEOM1 (KIF21A)
CFEOM2 (ARIX)
CFEOM3A (TUBB3)
CFEOM3B (KIF21A)

Birth prevalence: unknown

Associated anomalies: structural eye anomalies, 
adhesions, blepharophimosis, ptosis, abnormal tendon 
insertion, postaxial oligosyndactyly

Laboratory studies: gene sequencing

Prenatal diagnosis: unlikely

Cause: usually sporadic, Mendelian

Replacement of ocular muscle by fibrous tissue results in the 
inability to deviate the globe in a specific direction or to elevate 
the upper eye lid.1-6 Three subgroups are described (CFEOM1, 
2, 3)  and have variability within families.7-9 The muscles 

providing normal movement include superior oblique, which 
provides inward torsion, inferior oblique (outward torsion), 
superior rectus (elevation), inferior rectus (depression), medial 
rectus (adduction), and lateral rectus (abduction).

Fig. 8.2.2 Generalized muscle hypoplasia and pectus carinatum in a 15-year-old male with Marfan syndrome.
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Treatment: Therapy usually involves attempts at mobiliza-
tion of the eye muscles by patching and then tightening the 
fibrotic tissue that has replaced specific muscles. For example, 
tightening the fibrotic material may then elevate the eyelid or 
straighten the at-rest gaze.

Prognosis: Since vision is not affected, most individu-
als accommodate by moving their heads into a position that 
allows them to improve sight.3

Ophthalmoplegia may be associated with mitochondrial 
disorders; however, it is not usually congenital and should only 
be suspected when more generalized problems are present.
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8 . 2 B  P R U N E   B E L LY

Caleb Bupp

(Eagle-Barrett Syndrome, Triad Syndrome, Urethral Obstruction Malformation Complex, Mesenchymal Dysplasia, Prune Belly 
Association)

Definition: Absence or deficiency of abdominal wall musculature, cryptorchidism, and urogenital tract anomalies.

ICD9/ICD10: 756.71/Q79.4 Syndrome Associations (Appendix)
Prune belly with pulmonic stenosis, intellectual 
disability and deafness
Prune belly with cervical ribs, Sprengel anomaly, anal 
atresia and urethral obstruction
Megacystis-microcolon-intestinal hypoperistalsis
Prune belly, impaired papillary constriction, dry mouth 
(CHRM3)
Prune belly without urinary obstruction (ACTA2)

Birth prevalence: 1/30,000–1/50,000, primarily in males

Associated anomalies: pulmonary, genital urinary, 
gastrointestinal, cardiac, musculoskeletal

Laboratory studies: serum electrolytes, urea nitrogen, 
creatinine, urinalysis, urine culture

Prenatal diagnosis: ultrasonography reliable in detecting 
hydroureter, hydronephrosis, oligohydramnios, and 
bladder anomalies

Cause: unknown, probably usually related to GU 
obstruction with in utero decompression

Absence of abdominal wall musculature was the subject of 
Frölich’s dissertation at Würzburg in 1839.1 Parker subse-
quently linked this finding with anomalies of the urogeni-
tal tract in 1895, and Osler first used the term prune belly 
in 19012,3 because of the wrinkled appearance of the skin. 
Eagle and Barrett described nine cases in 1950, and the term 
Eagle-Barrett syndrome came into common use.4 The salient 
finding of absence or deficiency of abdominal wall muscula-
ture is usually accompanied by cryptorchidism and urinary 
tract anomalies.5-7

The most obvious clinical feature of prune belly syndrome 
is the abnormal abdominal wall musculature. The classic find-
ing is a “prune-like” wrinkling of the abdominal skin due to 
absence or hypoplasia of the underlying musculature (Fig. 
8.2b.1). The deficiency is most commonly within the central 
lower abdomen below the umbilicus, it is asymmetric, and all 

muscle layers can be affected. Muscle is poorly organized his-
tologically and replaced with fibrous tissue. Peripheral abdom-
inal muscles can be normal or near-normal.5-7 There are few 
complications associated with this muscular finding other than 
cosmetic embarrassment, but these can include developmental 
motor delay due to difficulty sitting up, chronic constipation 
due to impairment in peristalsis, and risk for respiratory prob-
lems including infections and postoperative complications due 
to suboptimal ability to cough and clear the airway.5-8 Cases 
of isolated abdominal wall hypoplasia, aplasia, and dysgenesis 
have also been reported.9

Bilateral cryptorchidism is seen in all male prune belly 
cases.10 The testes are typically located between the lower pole of 
the kidney and the ureterovesical junction. Histologically they 
are similar to normal testes before puberty, but azoospermia 
is noted after puberty with a Sertoli cell-only pattern.5,6 Serum 
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luteinizing and follicle-stimulating hormone levels can be ele-
vated, but secondary sexual characteristics and libido are nor-
mal. Testicular malignancy has been reported in cases of prune 
belly syndrome at rates similar to other cases involving intraab-
dominal testes.5,7 Females with prune belly syndrome have geni-
tal anomalies such as bicornuate uterus and vaginal atresia.11

Urogenital tract anomalies are varied and most directly 
relate to the prognosis. The most common finding is a ureter 
which is elongated, dilated, and tortuous (81 percent of prune 
belly cases).5-7 This is worse distally, and the proximal ureter can 
be normal. The smooth muscle in the ureter is replaced by col-
lagen and fibrous tissue in a segmental fashion. Vesicoureteral 
reflux is present in 75 percent of cases and urinary peristalsis is 
abnormal, but ureteral drainage is generally adequate. A ura-
chal remnant or patent urachus can be present. The bladder is 
typically enlarged without trabeculation. It can be hourglass 
shaped due to the urachal remnant. Histologically there is 
less musculature and more fibrous tissue, but some cases with 
increased muscle mass have been seen. The bladder functions 
suboptimally with diminished sensation, less voiding pressure, 
and poor emptying. There can be obstruction, and approxi-
mately half of patients will need intermittent catheterization. 
The urethra is commonly affected with the prostatic urethra 
being wide, elongated, and tapered going into the urogenital 
diaphragm. The prostate itself has less smooth muscle and more 
connective tissue. The anterior urethra is usually normal or only 
mildly dilated. Renal anomalies from total agenesis to hypopla-
sia can be present, and renal changes can be segmental.7,10 There 
can be no significant renal involvement, but even with normal 
renal function there can be anatomic changes to the kidneys.5,7

Prune belly is generally obvious at birth, and initial man-
agement should begin with detailed physical examination. 
Careful attention should be paid to abdominal palpation with 

consideration of respiratory, cardiac, and musculoskeletal sys-
tems. Routine X-ray can evaluate for pulmonary hypoplasia, 
and serum electrolytes, urea nitrogen, creatinine, urinalysis, 
and urine cultures should be performed. Maternal influence 
can cause the initial creatinine to be normal. Renal and blad-
der ultrasound should be performed to evaluate the urinary 
system’s structure, and some have advocated for voiding cysto-
urethrography or dimercaptosuccinic acid renal scanning.1,3,9

The incidence of prune belly is best estimated between 1 in 
30,000 and 1 in 50,000 livebirths.5,7,15 This rate has decreased 
with improved prenatal detection and more pregnancy termi-
nations.10 Nearly all cases are male, with only 3–5 percent being 
female.6 The prevalence is higher in blacks than in whites (5.1 
per 100,000 versus 2.6 per 100,000), and there is an increased 
incidence in children born to younger mothers.6,14 Prune belly 
is also seen at higher rates in twin pregnancies, but twin stud-
ies have not shown higher rates of concordance in monozy-
gotic twins.6

There are other findings seen in prune belly apart from the 
key three discussed above, and they are present in 75 percent 
of cases.5 With improved care and survival of children with 
prune belly, these findings are important to consider and mon-
itor.12 Pulmonary abnormalities can be present and are related 
to prenatal oligohydramnios, not parenchymal lung disease.13 
Restrictive lung disease is typical but a range of lung disease 
occurs including lung hypoplasia and pulmonary infections. If 
a child survives the neonatal period, complications are much 
less common in later years. Gastrointestinal complications 
occur in 30  percent of prune belly syndrome autopsies and 
include malrotation, atresia, stenosis, volvulus, and obstruc-
tion.10 Again, with survival these complications are seen less, 
but patients can have chronic constipation. Cardiac anomalies 
such as patent ductus arteriosis, septal defects, and tetralogy of 

Fig. 8.2b.1 Prune belly in a newborn male showing thin, wrinkled, and flaccid abdominal wall (left and middle). Mild prune belly appearance with poor abdominal 
musculature in a newborn female (right).
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Fallot are found in 10 percent of cases.7 Musculoskeletal abnor-
malities, especially involving the lower limbs, are reported in 
one-third. More common findings include talipes deformity, 
congenital hip dislocation (5  percent), clubbed feet (25  per-
cent), and a range of hypoplasia to absence of the foot or leg.5,12 
Pectus deformity is seen in 8 percent of cases and scoliosis in 
4  percent. Many of these are likely related to the positional 
impact of oligohydramnios.12 All of these other associated 
findings of prune belly can be treated symptomatically accord-
ing to standard guidelines and recommendations.

The etiology of prune belly has been debated, with two 
major divisions of thought emerging. The first sees urinary 
tract obstruction as the causation, and the second deems 
mesodermal development failure as the source. According to 
the obstruction theory, a urethral obstruction during devel-
opment, either permanent or transient, causes dilation of the 
urinary tract, pressure atrophy to the abdominal wall muscu-
lature, and obstruction to testicular descent. The prostatic ure-
thra is a commonly postulated source of the obstruction, with 
a flap valve mechanism caused by this obstruction leading to 
massive dilation. The mesodermal injury theory is based upon 
the common embryologic origins of the urinary tract, abdom-
inal wall, kidneys, and prostate. A developmental abnormality 
at a crucial time of gestation could provide the origin of the 
various anomalies seen in prune belly syndrome.5-7,9 Genetic 
factors relating to prune belly have been studied but most 
cases of prune belly are sporadic, thus giving less direction for 
study. Prune belly has been seen in association with many dif-
ferent genetic syndromes and chromosomal abnormalities.14 
Entities have been reported such as prune belly with pulmonic 
stenosis, intellectual disability and deafness; prune belly with 
cervical ribs, Sprengel anomaly, anal atresia, and urethral 
obstruction; and megacystis-microcolon-intestinal hypoperi-
stalsis syndrome.16 Many modes of inheritance have been sug-
gested but none proved, and a single gene cause is unlikely.14

Treatment: Treatments such as abdominal binders have 
been used, but surgery to reconstruct the abdominal wall 
does not have strong evidence to support its recommenda-
tion.6 Orchiopexy should be performed according to standard 
guidelines for isolated cases of cryptorchidism to help prevent 
malignancy; however, no fertile males with prune belly syn-
drome have been reported.5,6 Preserving renal function is para-
mount to improved morbidity and mortality. This can be done 
through dialysis, renal transplantation (performed in nearly 
one-third of surviving patients), prevention of urinary infec-
tions, and reconstructive surgery. There is a high complica-
tion rate in surgery for prune belly syndrome, and there are no 
general guidelines for therapy. Some prenatally detected cases 
have been treated with in utero urinary system decompression. 
Each case should be considered on an individual basis.

Prognosis: Among cases of prune belly, 20 percent are still-
born or die in the neonatal period. Thirty percent die within 
two years, typically from renal failure or urosepsis.5 The sever-
ity of renal dysfunction and pulmonary hypoplasia are cru-
cial predictors of early mortality. Of the surviving 50 percent, 
lifespan varies and is based on the pathologic severity. Cases 

of patients living past age 70 have been reported.5 Antenatal 
diagnosis is currently most common, as ultrasound findings 
of hydroureter, hydronephrosis, oligohydramnios, and bladder 
anomalies can be detected.6,10
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8 . 2 C  O T H E R  A B D O M I N A L  WA L L  
M U S C U L A R  D E F E C T S

A number of reports of the absence of abdominal muscles 
have been published over the years1-7 including descriptions 
of absent or rudimentary quadratus lumborum in addition 
to abdominal wall muscle alterations.6 The alterations of the 
abdominal musculature include aplasia, hypoplasia, and dys-
genesis.3,7 In other instances, the lateral abdominal muscles are 
completely absent. If the absence is a failure of formation of the 
muscle then it must occur before week 12 of gestation, since 
that is when delamination of the abdominal wall muscle tissue 
normally takes place.

In other cases, these can be localized defects suggestive of 
vascular compromise. Of course, gastroschisis (Entry 25.3) is 
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believed by some authorities to occur when there is rupture 
of a localized defect of the abdominal wall near the umbili-
cus secondary to vascular compromise. Among the various 
abdominal muscles which may have deficiency, the transverses 
abdominis is most often affected, then rectus abdominis, the 
internal and external obliques, and finally the supraumbilical 
segment of the rectus abdominus. The hypoplasia of muscle 
tissue may be only present in patches.8

In severe cases, the abdominal wall is so thin that all 
abdominal organs can be easily seen and palpated. When the 
defect is localized, abdominal contents may push against the 
skin and herniate through the defect with increased intraab-
dominal pressure. In areas where the muscle is absent, it is 
replaced by fibrous tissue and fat which can be quite dense. 
The muscle fibers vary in size; most of them are small and are 
separated from each other as in the early phases of skeletal 
muscle development. Myotube-like changes were described 
by O’Kell.7 Large fibers can be seen as well, although they are 
less frequent. Central nuclei are more frequent than normal. 
Absence of muscle spindles may be present.4

The findings of Afifi et  al. were suggestive of a congeni-
tal myopathy with degeneration; however, insults at various 
stages in embryonic/fetal development from compression or 
vascular compromise may give very different pictures later in 
development.8

An increase in isolated abdominal defects is seen in 
Amyoplasia.10 These are punched-out areas of muscle and 

fascia, two to eight cm across, covered only by skin through 
which the abdominal contents can be felt. This appears to 
involve loss of muscle tissue and fascia after formation, prob-
ably due to vascular compromise. Lehman et  al. reported a 
fetus with a supraumbilical ventral wall defect together with 
an anterior hemidiaphragm.11
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8 . 2 D  P O L A N D  A N O M A LY

Caleb Bupp

(Poland Syndrome, Poland Syndactyly)

Definition: Unilateral absence or hypoplasia of the pectoralis major muscle with ipsilateral upper limb (specifically hand) 
anomaly.

ICD9/ICD10: 756.81/Q79.8 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, RBPJ, NOTCH1, 
DOCK6, EOGT)
Charcot-Marie-Tooth (CMT1A)
Facio-auriculo-vertebral dysplasia
Frontonasal dysplasia
Klippel-Feil
Moebius
Myasthenia gravis
Neurofibromatosis (NF1)
Sprengel
Terminal transverse limb defects

Birth prevalence: 1/30,000

Associated anomalies: pulmonary herniation, 
dextrocardia, situs inversus, renal hypoplasia, Müllerian 
duct agenesis, chest wall defects, hypoplasia mammary 
gland

Laboratory studies: X-rays and US to define bony 
changes and soft tissues.

Prenatal diagnosis: hand anomalies can be detected by 
ultrasound

Cause: sporadic, Mendelian, vascular disruption

The anomalies which have come to be termed Poland syn-
drome were first described by Dr. Alfred Poland in 1841 when 
he performed a cadaver dissection on a 27-year-old convict 
who had experienced difficulty drawing his left arm across 
his chest.1 Absence of the sternocostal head of the pectoralis 
major muscle was noted with ipsilateral upper limb deficiency. 

The anatomy was sketched by a friend of Dr. Poland and cap-
tured the findings of the chest, but the illustration did not 
include the hand. However, the hand was kept and is preserved  
in the Medical Museum of Guy’s Hospital in London, England, 
demonstrating the brachysyndactyly that was observed by 
Dr. Poland.1-3
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Poland anomaly has a wide spectrum of clinical effects, 
the two major findings being unilateral aplasia of the sterno-
costal portion of the pectoralis major muscle and ipsilateral 
hypoplasia of the hand with symbrachydactyly (Fig. 8.2d.1).4 
The pectoralis minor muscle is also often absent. The upper 
limb may be normal or have any of a variety of deficiencies. 
Different classification systems have been proposed to divide 
cases based on the type of hand involvement, but currently 
the only mandatory criteria is total or partial agenesis of the 
pectoralis major muscle.5,6 Some studies have reported “partial 
Poland Syndrome,” where the hand is not involved, as the most 
common type of Poland anomaly.7 The most common hand 
anomaly is symbrachydactyly with all fingers functional, yet 
with possible anomalies of the phalanges or restricted range 
of motion. The middle phalanx is often absent. The next most 
common is symbrachydactyly with only some fingers being 
functional. Carpal abnormalities are present in nearly half of 
Poland anomaly cases.8 There is no correlation between the 
severity of the chest and hand involvement.7

Other findings seen in Poland anomaly include hypoplasia 
or absence of the breast and/or nipple, mammary gland abnor-
malities, subcutaneous tissue hypoplasia, absence of axillary or 
mammary hair, absence of other nearby muscles (serratus ante-
rior, latissimus dorsi, deltoid, infra/supraspinatus), absence of 
costal cartilages, and aplasia or absence of ribs (typically ribs 2, 
3, and 4 or ribs 3, 4, and 5).2,4,5,7 Pulmonary herniation, dextro-
cardia (if Poland anomaly is left-sided), and situs inversus have 
occurred in a minority of cases. Imaging can be performed to 
better characterize the anomalies, especially if surgical cor-
rection is being considered.2,4,5,7 Renal hypoplasia and female 
Müllerian duct agenesis have also been reported.4,5

The incidence of Poland anomaly is estimated at 1 in 30,000 
live births. Males are more commonly affected by a ratio of 3:1, 

and the right side is involved more often at a similar rate.4-8 
In 14  percent of cases of breast aplasia, Poland anomaly is 
involved.5 Poland anomaly is diagnosed in 1 in 19,000 mam-
mograms.4 In 10  percent of individuals with syndactyly the 
cause is Poland anomaly.7 Bilateral Poland anomaly has been 
reported but is rare; however, the broad range of clinical effect 
suggests that bilateral Poland syndrome may be more common 
than has been reported.9

Most cases of Poland anomaly are sporadic, but famil-
ial cases have been seen.6,7 Recurrence risk is low.6 The exact 
pathogenesis is unknown, but the most frequently discussed 
hypothesis involves vascular disruption during embryogene-
sis.5,6 The term subclavian artery supply disruption sequence has 
been used to refer to hypoplasia of that artery or its branches 
during their development at the sixth to seventh week of gesta-
tion. Arterial volume velocity has been shown to be greater in 
the vessels of the non-affected side in individuals with Poland 
anomaly. The origin of the arterial hypoplasia could be genetic 
or teratogenic (cocaine, misoprostol, cigarette smoking, viral 
infections). During the same gestational time period, the pec-
toral mass splits and apoptosis between the digital rays takes 
place, and vascular interruption could impinge on these pro-
cesses.5 This hypothesis has been supported by the association 
of Poland anomaly with other conditions thought to be caused 
by vascular effects including Moebius syndrome, Klippel-Feil 
anomaly, Sprengel anomaly, and terminal transverse limb 
defects.6,7 Paradominant inheritance has also been suggested 
in which carriers would manifest the trait in a mosaic fashion 
after having a second somatic mutation develop in a cell clone 
during embryogenesis.9 Others have suggested an autosomal 
lethal gene for Poland anomaly that survives by mosaicism6 
or autosomal dominant inheritance with low penetrance and 
variable expressivity.7,8

Fig. 8.2d.1 Transverse deficiency (carpal terminal transverse deficiency) in 6-year-old male with Poland-Möbius syndrome. Child has facial weakness and absence of 
left pectoralis major in addition to the limb deficiency. (Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.)
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An association is known between Poland anomaly and 
cancers including leukemia, non-Hodgkins lymphoma, leio-
myosarcoma, cervical cancer, and breast cancer, and clini-
cal monitoring should be done.7 Other syndromes such as 
facio-auriculo-vertebral dysplasia, frontonasal dysplasia, neu-
rofibromatosis, Charcot-Marie-Tooth, and myasthenia gravis 
have been reported in association with Poland anomaly and 
must be considered. In apparently isolated sporadic cases of 
Poland anomaly, genetic testing is not recommended unless 
other circumstances dictate.

Treatment: Surgical correction may be performed for cosmetic 
reasons, and procedures can include a breast expander, breast 
implant, or chest wall implant. Outcomes are usually good.5,7

Prognosis: The chest anomalies usually cause little or no 
functional problems for an individual apart from rare sig-
nificant muscle weakness.9 Scoliosis can worsen based on the 
muscle imbalance, and pulmonary function can be affected. 

There is also a risk for chest injury when participating in con-
tact sports.2
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8 . 2 E  L O W E R  L I M B  P O L A N D  T Y P E  A N O M A LY

Definition: Unilateral gluteal hypoplasia and brachydactyly of the foot.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: contralateral Poland anomaly

Laboratory studies: X-rays and ultrasonography to define 
bony structures and soft tissues

Prenatal diagnosis: unlikely

Cause: probably vascular deficiency of some type

Riccardi suggested that there could be a lower limb counterpart 
to Poland anomaly. Indeed, individuals have been reported 
to have had arm and legs involved on the opposite sides.1 
Additional reports suggest lower limb muscle hypoplasia does 
exist but is nowhere near as frequent as Poland anomaly. Leg 
length asymmetry may be an even milder form.2,3
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8 . 2 F  O T H E R  M U S C L E  H Y P O P L A S I A S

Familial absence of serratus anterior muscle, trapezius muscle, 
and thenar eminence have been reported.1-3 While other fami-
lies have missing muscles that vary from one individual to the 

next, as in the families described by Gross-Kieselstein (miss-
ing trapezius, pectoralis serratus anterior, and supraspinatus 
in different individuals) and Meberg (aplasia depressor anguli 
oris, hemidiaphragm hypoplasia, and tenor fasciae latae).4,5

The incidence of pectoralis defects varies between one 
in 4,000 and one in 11,000.6 Hundreds of cases have been 
reported.7 The defect occurs in males and females with about 
equal frequency. There are no ethnic predispositions. The 
defects are most often unilateral, and bilateral occurrence of 
isolated pectoralis defect is rare.8 Isolated partial defects of the 
pectoralis muscle rarely cause muscle weakness. Hypertrophy 
of the remaining parts of the pectoralis compensates for the 
defect. The functional loss or complete absence of the pectora-
lis is usually compensated by neighboring muscles.

No consistent abnormalities in muscle histology have been 
reported. Fibrous and fat tissue were sometimes found in the 
place of the absent muscle.8 Unilateral pectoralis defect may 
lead to asymmetry of the thorax, the side with the defect being 
smaller than the other side. Skin and subcutaneous fat covering 
the defect are thin and atrophic. The breast may be hypoplastic 
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or completely absent, and the nipple on the affected side may 
be absent as well. Anterior parts of the upper ribs may also be 
defective. The shoulder on the affected side may be higher, and 
the scapula is smaller and winged.

Unilateral partial aplasia of the serratus anterior, notably of 
its upper portion, is frequently encountered and leads to asym-
metry of the posterior aspect of the thorax.1 Other muscles 
of the area may be hypoplastic or aplastic as well. This type 
of more extensive defect is often bilateral. Cases have been 
reported in which trapezius, sternocleidomastoid, and parts of 
both pectorals were absent along with biceps and triceps bilat-
erally.9 Absence of neck muscle can be observed with multiple 
congenital contractures.

Familial occurrence of pectoralis together with other mus-
cle defects (aside from Poland anomaly) is rarely reported, and 
when it is, there is marked intrafamilial variability. Shalev et al. 
suggested that embryonic vascular variation might predispose 
to loss of developing muscle and underlying connective tissue.10

Mollica et al. reported a family with vertical transmission 
of limb palsy reminiscent of brachial palsy; however, it was 
present on different sides in multiple individuals without any 
history of birth trauma.11 Muscles on the affected side were 
hypoplastic at birth. David and Winter reported a family sug-
gesting autosomal dominant inheritance.12 More extensive 
familial mesenchymal defects involving girdle muscles have 
been reported by Meberg and Skogen, Selmar et al., David and 
Winter, and Soltan and Holmes.3,5,12,13 The triceps aplasia in 
these families may cause bilateral biceps and elbow contrac-
tures, with marked webbing of the volar side of the elbows.

Uncomplicated pectoralis defect and Poland syndrome 
appear to be causally related.14 The observations of Shavel 
et al. and David and Winter suggest that defects (hypoplasia, 
aplasia) of diversified muscles may represent manifestations 
of one and the same pathologic entity.10,12 Nevertheless, until 
the etiology is clear, careful distinguishing descriptions are 
important.
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8.3 Muscle VaRIaNTs

The muscle system in humans is subject to irregularities pro-
ducing almost every possible variation and anomaly.1-4 Some 
may be considered as mere variations; others are malforma-
tions. Variations of muscle shape, mass, and location are 
numerous. One-fourth to one-half of carefully dissected bodies 
show findings that differ from the “normal” description found 
in textbooks of human anatomy.3 Most muscle variations are of 
no clinical significance except for the surgeon, who may unex-
pectedly encounter them during surgical interventions.

Variations of muscle have been exhaustively collected 
and discussed diligently in several monographs and are not 
discussed here, with the exception of brief mention of some 
atavistic remnants resembling earlier stages of phylogenetic 
development.1-4 The main discussion is concerned with muscle 
abnormalities (malformations) producing clinical pathology.

Absence of single muscles or of parts of a muscle is pre-
sumably not rare, yet an exact incidence is not known since 
absent muscle mass often escapes recognition in the living. 
Postmortem studies often yield absence of muscle or parts 
of muscle. Earlier data have been compiled by Bing and 
Abromeit.5,6 A  list of muscles that are often absent or defec-
tive is given in Table 8.3.1. The overwhelming majority of 
muscle deficiencies are unilateral and occur in both males and 
females. Most of them are observed sporadically. Reports of 
familial occurrence of muscle defects are rare. However, accu-
rate family studies with respect to such muscle variations have 
usually not been undertaken.

Variations in the absence of parts of muscle do not usu-
ally cause a functional deficit since the remaining parts of the 
muscle may compensate by hypertrophy. If a whole muscle is 
absent, its function may well be taken over by other muscles. 
Bergman et al. illustrated such compensation by an interest-
ing observation concerning total absence of the right serratus 
anterior.7 To compensate for the missing serratus function, 
an extra fascicle of the latissimus dorsi originating unusually 
high on the thoracic spine had been formed, which covered the 
apex of the scapula, keeping the scapula fixed to the thorax and 
allowing abduction of the arm (functions normally performed 
by the serratus). Functional deficits usually only become obvi-
ous when a group of muscles is absent.
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8 . 3 A  M U S C L E  VA R I A N T S  A S S O C I AT E D 
W I T H   C H R O M O S O M A L  D I S O R D E R S

Numerous muscle variations, aplasias, hypoplasias, and super-
numerary muscles or extra muscle slips occur with greater 
frequency in individuals with chromosomal anomalies than in 
euploid individuals.1-7 However, muscle anomalies in Trisomy 
13, 18, and 21, and in some aneusomies often involve the same 
muscle and muscle groups as those in euploid individuals. 
Absence of the m.  palmaris longus, which occurs in one of 
eight individuals, has been noted in all patients with Trisomy 
13 and Trisomy 18. Absence of the palmaris brevis is found 
in 2 percent of normal controls, yet it was missing in 13 of 14 
(93 percent) patients with Trisomy 13 and in five of 16 (31 per-
cent) patients with Trisomy 18.1,2 The psoas minor, which is 
frequently missing in normal controls, was consistently absent 
in those with Trisomy 18.3

Some of the muscles absent in normal trisomic individu-
als are muscles that differentiate rather late during embry-
onic development. The higher frequency of muscle anomalies 
in aneuploid individuals might be explained by the fact that 
aneuploid cells divide more slowly than euploid cells or that 

developmental processes are delayed in aneuploid individuals. 
Facial muscles, which are remnants of the panniculus carno-
sus, tend to be hypoplastic in some normal individuals and 
may be absent in 18 trisomic individuals with Trisomy 18.3

Slowness of regression of embryonal muscle in aneu-
ploidy may lead to its persistence or at least to persistence of 
some muscle slips. Various supernumerary muscles have been 
reported in aneuploid and aneusomic individuals.1 An extra 
muscle originating from the lateral margin of the latissimus 
dorsi and inserting in the pectoralis major or coracoid process, 
the so-called m. pectorodorsalis, was found in seven of eight 
individuals with Trisomy 13 and in one patient with partial 
distal 13q trisomy. The m.  pectorodorsalis was not found in 
trisomy 18. An axillary arch (Aschselbogen muscle), which 
is present in 7–8 percent of normal individuals, was found in 
seven of eight patients (87.5  percent) with Trisomy 13. The 
latter patients quite often show unusual muscle bundles origi-
nating from the central parts of the diaphragm and reaching 
to the pericardium. An extra muscle slip originating from the 
occipital insertion of the trapezius and inserting in the preau-
ricular fascia of the parotid area or in the platysma is found 
with great consistency in Trisomy 21 and Trisomy 18 cases and 
in some cases of Trisomy 13.7

Generalized muscular hypoplasia has also been found in 
some cases of Trisomy 21 (personal observation) and in cases 
of partial Trisomy 21. In cases of partial trisomy, it is notable 
in partial Trisomy 10p.4 The many muscle variations occurring 
in patients with chromosomal abnormalities have been thor-
oughly discussed by Bersu and Ramirez-Castro, Colacino and 
Pettersen, and Pettersen et al.1-3,5

Careful dissections have not been done for most deletion/
duplication chromosome syndromes. However, it can be antic-
ipated that there will be specific patterns of muscle variation 
related to the genes or control elements in specific chromo-
somal regions.
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8 . 3 B  A C C E S S O RY  M U S C L E S

Variation where there is additional muscle tissue may 
cause discomfort. The so-called axillary arch muscle or 
“Achselbogen-muskel” is an accessory muscle. Its possible 
relationship to the panniculus carnosus has been discussed by 
Weissberg.1 The axillary arch muscle originates from the lower 
digitations of the serratus anterior or from the lateral margin 

TABLE 8.3.1  Isolated Muscle Deficienciesa

Muscle NuMBeR Of cases

Pectoralis muscles 186

Various muscles of face 44

Trapezius, cucullaris 33

Quadriceps femoris 26

Serratus anterior 22

Omohyoideus 16

Long head of biceps brachii 13

Abdominal muscles 11

Muscles of hand except palmarisb 9

Sternomastoid 8

Semimembranosus 7

Latissimus dorsi 5

Deltoids 5

Any other muscle Each <5

aCompiled from Bing5 and Abromeit.6 See also listing of rare muscle deficiencies in Adams.4

bSee discussion of absence of mm. pyramidalis, palmis longus, and brevis in Entry 8.3a.
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of the latissimus dorsi, extends through the axillary groove, 
and inserts into the dorsal aspects of the pectoralis major. The 
axillary arch muscle can be recognized clinically as a longitu-
dinal bulge dividing the axillary groove into two parts. Pichler 
found it in 3–4 percent of living individuals, and Kopsch found 
it in 7–8 percent of autopsies.2,3 The axillary arch muscles can, 
in some instances, lead to entrapment of the vessels and nerves 
in the axilla and compromise the circulation to the arm or pro-
duce neuralgic pains when the arm is raised.4

Another muscle anomaly in the axillary region is the acces-
sory subscapularis-teres-lastissimus muscle, which arises at the 
lateral margin of the scapula either from the subscapularis or 
from the latissimus dorsi. It penetrates the brachial plexus and 
merges with the tendon of the pectoralis major. The muscle has 
a width and length of several centimeters. Kameda found this 
variation in 10 of 190 autopsies. Its clinical implications have 
not been described.5

Variations of accessory muscle producing clinical symp-
toms occur also in the popliteal fossa. A  third head of the 
gastrocnemius has been reported.6,7 This third gastrocnemius 
head may compromise the circulation. Constant or intermit-
tent compression of the popliteal artery causes swelling of the 
ankles, pain and tiredness in the lower legs, and cramps and 
intermittent claudication. Similar entrapment can be caused 
by fibrotic bands between the two heads of the gastrocnemius 
and by a deviant course of the popliteal artery.8 The entrap-
ment of the popliteal vessels occurs predominantly among 
young and muscular individuals. It can be recognized on ultra-
sound examination of the popliteal fossa, with Doppler stud-
ies, and with angiography. Dunn examined a 20-year-old man 
who had noticed a painful swelling in the right popliteal fossa.9 
At surgery, an extra 3 x 5cm, fleshy hamstring belly was found, 
which crossed the popliteal fossa without compromising the 
neurovascular structures.

Congenital hypertrophy of intrinsic foot muscles has been 
described by Dunn, Estersohn et  al., and Jahss.9-11 Estersohn 
et al. described a congenital hypertrophic abductor digiti quinti 
of the right foot in a woman who complained of pain in the foot 
and the right lower leg.10 She had to wear special shoes to pre-
vent painful compression of the extra muscle. Removal of the 
hypertrophic muscle rendered her pain-free. The excised extra 
muscle showed normal muscle fibers with some inflammatory 
reaction, the latter probably due to pressure. A  considerable 
swelling of the middle two-thirds of the arch of the left foot 
of a four-year-old girl came to the attention of Jahss.11 A pos-
sible malignancy was included in the differential diagnosis, but 
the operation revealed an excessive hypertrophy of the median 
head of the head of the m. quadratus plantae. It is quite prob-
able that most of such localized muscle hypertrophies remain 
unrecognized, especially if they do not cause discomfort.
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8 . 3 C  ATAV I S M S

Animals, including lower mammals, have muscles that are 
directly attached to the skin; they are called skin muscles or 
panniculus carnosus.1-2 The skin muscle enables the animal 
to move localized parts of the skin, apparently as a protective 
measure to shake off localized noxious agents such as insects. 
In humans the limbs, notably the arms, have developed to a 
degree such that they can reach around the body. Thus skin 
muscles have become obsolete and have regressed, yet rem-
nants of the panniculus carnosus are still found in some 
individuals.

One such remnant is probably the musculus sternalis.1-6 
The musculus sternalis originates from any of the following 
structures:  upper rectus sheet, fascia of the external oblique 
muscle, lower sternum, and lower ribs. It extends upwards, 
covering sternum and/or costosternal junctions to merge with 
the sternal head of the sternomastoid, manubruim sterni, or 
pectoral muscle. It measures between 0.5 and 4 cm in width 
and can be unilateral or bilateral. It occurs in 3–5  percent 
of normal individuals and has no clinical significance. 7 The 
musculus sternalis is found more often than expected among 
infants with anencephaly. The musculus sternalis can be rec-
ognized in the living. It becomes apparent with dorsiflexion of 
the head with certain movements of the ipsilateral arm.8

Other muscles that may contain remnants of the pannicu-
lus carnosus are pectoral muscles, trapezius, serratus, pyrami-
dalis, palmaris longus, and some craniofacial muscles. On the 
other hand, muscles that carry remnants of the panniculus 
carnosus are also found to be more often absent or partially 
defective than other muscles. The m. pyramidalis is absent in 
16–17 percent and the m. palmaris longus in 11 percent of all 
carefully dissected bodies.9-11 Newer studies have shown that 
the absence of the palmaris longus differs among various eth-
nic groups.12 Four percent of 1,500 Blacks and Asians (Chinese, 
Japanese, Indians) and 16.4 percent of 9,562 whites had absent 
palmaris longus. It is interesting to note that 42 percent of 164 
cases of anencephaly had no palmaris longus. 7 Regression 
of the m.  pyramidales may be related to another evolution-
ary process; it is an important muscle in certain lower mam-
mals, for instance in marsupials, in which it participates in the 
formation of the pouch. It has lost its functional importance 
in humans. Another muscle frequently absent in humans is 
the m. psoas minor. It is functionally important in leaping in 
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animals and thus seems to be of lesser importance for humans. 
According to Bergman et  al., bilateral agenesis of the psoas 
minor occurs in about 50 percent of carefully dissected bodies 
and when present shows considerable variations.1

Other atavistic remnants are the “brevis” muscles of the 
hand. Some individuals show peculiar swellings of the dorsum 
of the hands, which can be mistaken for ganglia or tumors. 
These swellings consist of the muscle belly of the finger exten-
sors. They are called brevis muscles. Normally the muscle belly 
of the finger extensors of humans is located proximal to the 
carpal bone, where it is normally located in lower animals.14 
It can present as a swelling on the dorsum of the hand. At 
times it can become extremely painful, necessitating surgical 
intervention.6

Shortness and also ossification of the costocoracoid liga-
ment are rare variations, usually without clinical significance. 
In some instances, however, it can lead to complaints such as 
rounded, sloping shoulders, narrow upper thoracic cage with 
shortened internipple distance, and fixation of scapula to the 
first rib, reducing shoulder joint mobility. Individuals with 
shortness of the costocoracoid ligament may be unable to raise 
their arms above the head, which may impede certain activi-
ties. However, the condition is surgically correctible. Shortness 
of the costocoracoid ligament is usually sporadic, although 
familial cases suggesting autosomal dominant inheritance 
have been reported.15 The condition is physiologically normal 
in certain lower animals such as monotremes, where it is sup-
posed to add stability to the shoulder girdle.16 Reactivation of a 
dormant atavistic gene could account for the abnormal costo-
coracoid ligament in humans.17

Comparative anatomy has gone out of fashion; however, 
developmental genetics will probably give insight to these 
disorders.
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9 | BRAIN

ALASDAIR G. W. HUNTER

inTrODUCTiOn

The developing brain is subject to all of the processes that 
lead to anomalies.1-6 The presence of anomalies may be evi-
dent at birth or may present later because of developmental 
impairment or neurologic dysfunction. Every chromosome 
carries genes important to the formation, structural integrity, 
and function of the brain. Virtually all microscopically vis-
ible chromosome aberrations, save for most structural and 
numerical aberrations of the sex chromosomes, alter mental 
capability and may cause specific malformations. Likewise, a 
gamut of environmental insults can disrupt brain development 
or damage the essentially developed fetal brain. Well docu-
mented environmental influences include radiation, specific 
infections, metabolic derangements, and a number of drugs 
and chemicals. Vascular insults, placenta-amnion disruptions, 
the process of twinning, and mechanical forces also contribute 
to the incidence and variety of central nervous system (CNS) 
anomalies.

Defects of neural tube closure are the most common 
CNS malformations and are among the most common of 
all major anomalies.5,7-9 They are usually obvious at birth or 
present in early infancy. This is not the case with many CNS 
malformations whose presence are not suspected until sei-
zures, developmental impairment, obstruction of CSF flow, 
or mass effect prompts imaging of the central nervous system. 
Malformations are the leading nonpregnancy-related cause of 
death in infancy, and CNS anomalies are second only to those 
of the heart as the cause.10

The cranium and vertebral column prevent direct inspec-
tion of the CNS, although certain anomalies of the CNS can 
be predicted with some confidence from associated clinical 
features—for example, holoprosencephaly is suggested by 
a form of midface underdevelopment, small brain size from 
reduced cranial circumference, and some cases of lissenceph-
aly from facial features. Until recently, detailed observations 
of the anatomy of the CNS could only be made at autopsy, 
although a limited assessment could be obtained through inva-
sive tests such as arteriography and pneumoencephalography. 
Today most CNS structures can be visualized by ultrasound, 
computed tomography (CT), or magnetic resonance imaging 
(MRI). Ultrasound is most useful prenatally and during the 
early months of life when the anterior fontanel is open. MRI 
has become the procedure of choice for imaging brain and spi-
nal cord anatomy and has revolutionized our thinking about 
several classes of CNS malformation.

Considerable progress has been made during the past 
decade in delineating the genes and molecular pathways that, 
when disrupted, cause holoprosencephaly and lissencephaly, 
and some progress has been made in understanding hydro-
cephaly, agenesis of the corpus callosum, cerebellar dysgene-
sis, and other CNS anomalies.11-15 As notable as these advances 
are, much more remains to be discovered. It is disappointing 
that major genes predisposing to neural tube defects have not 
been identified; it may well be that the majority of cases are 
multifactorial.

A N AT O M I C A L  E M B RY O L O G Y

The brain is derived from the cranial region of the neural tube, 
which by the end of four weeks is expanded into three primary 
brain vesicles:  the prosencephalon (forebrain), mesencepha-
lon (midbrain), and rhombencephalon (hindbrain).1,4,16,17 By 
the fifth week, the primary vesicles have subdivided into five, 
and these will give rise to the definitive brain structures. Thus 
the prosencephalon divides into the telencephalon, which dif-
ferentiates into the cerebral hemispheres, and the diencepha-
lon, which forms the thalamus, hypothalamus, pituitary, and 
optic vesicles. The mesencephalon fails to divide, but gives 
rise to the anterior (visual) and posterior (auditory) colliculi 
and connects the third and fourth ventricles via the cerebral 
aqueduct (of Sylvius). The rhombencephalon divides into the 
metencephalon, which forms the pons and cerebellum, and 
the myelencephalon, which differentiates into the medulla 
oblongata. Neuroepithelial cells, derived from the original 
neuroectoderm, undergo rapid proliferation until, after a 
specified number of cell divisions, they give rise to neuro-
blasts that form neurons and gliablasts that differentiate into 
astrocytes and oligodendroglia. Microglia are derived from 
mesenchyme.

Cerebral vesicles from the telencephalon arise in the fifth 
week and grow rapidly to expand upward, cranially, and cau-
dally to cover the other parts of the brain. When they meet 
in the midline they become flattened, and connective tis-
sue between them forms the falx cerebri. At this stage each 
hemisphere has a thicker basal or striatal portion, which will 
develop into the corpus striatum, and a thinner suprastriatal 
part called the pallium, which will develop into the cerebral 
cortex. Surface expansion of the cortex occurs faster than 
growth of the hemispheres as a whole, causing the forma-
tion of convolutions and sulci. Differentiation of the cortex 
proceeds with the production of three waves of neuroblasts 
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that migrate toward the surfaces, with those of the third wave 
migrating through the first and second to the most superficial 
position. From these layers, the characteristic definitive layers 
of the cortex are formed. Overall the rate of growth in the cere-
bral hemispheres is astounding. For example, the entire brain 
grows rapidly and from the fifth to 16th weeks increases 3,000 
times in size; the cerebral vesicles, which constitute only 7 per-
cent of brain weight in the fifth week, account for 90 percent by 
the 20th week and increase in thickness from 0.1cm to 2.0cm 
over this period.

In the cerebellum, neuroepithelial cells migrate to the 
superficial layer and establish the external granular layer, an 
actively proliferating zone over the entire surface of the cer-
ebellum. This cell proliferation extends the marginal zone and 
causes folding of the cerebellum into its characteristic foliate 
pattern. Simultaneously, proliferation of neuroepithelial cells 
lining the ventricular cavity, followed by their migration into 
the deeper part of the marginal zone, results in formation of 
the internal granular layer, which forms the granular cortex 
containing Purkinje and Golgi neurons. With further develop-
ment nerve cells and glia from the external granular layer dif-
ferentiate and migrate into the internal granular layer, where 
they arrive before birth. Cells remaining in the external granu-
lar layer produce basket and glial cells that organize to form 
the molecular layer of the definitive cerebellum. Formation 
of this layer occurs after birth and leaves the original external 
granular layer with almost no cells.

M O L E C U L A R  E M B RY O L O G Y

Induction of the neural plate requires inhibition of BMP, 
TGFβ, and WNT/CTNNB1 signaling in the naïve ectoderm.18 
Development of the forebrain is maintained by signals from 
the anterior visceral endoderm and the rostral axial mesen-
doderm (prechordal plate) that prevent posteriorization. From 
the latter, expression of Six3 and Shh induce a parallel field of 
Shh expression in the ventral diencephalic and mesencephalic 
regions of the neural plate as the neural folds approximate. 
The initial field of Shh expression then expands rostrally into  
the diencephalon and telencephalon, as well as caudally into the  
rhombencephalon. As the neural tube closes, SHH in the tel-
encephalon appears to promote the expression of Nkx2.1 in 
the ventral progenitor domain while antagonizing the expres-
sion of Pax6, which is restricted to dorsal regions.19 Shh 
expression in the ventral diencephalon induces Neurog1 and 
Ascl1, which are critical in initiating neuronal differentiation 
in the developing thalamus.20 Members of the Otx, Pax, and 
Emx transcription factor families are involved in establishing 
regional identity of the midbrain, with a parallel requirement 

for Shh-mediated ventral specification.21 In the developing 
hindbrain, differential Hox gene expression establishes seg-
mental identity of the rhombomeres.22 Establishment of Hox 
gene domains along the rhombencephalic neuroepithelium is 
conferred by a gradient of retinoic acid signaling that appears 
to be created by a Pbx-driven Aldh1a2 expression gradient.23
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9.1 miCrOCePHalY

(Micrencephaly, Nanocephaly)

Definition: An occipitofrontal head circumference more than 2 SD below the mean for age- and sex-matched controls. Some 
authorities prefer to use an occipitofrontal head circumference more than 3 SD below the mean for age- and sex-matched 
controls to indicate microcephaly.

ICD9/ICD10: 742.1/Q02 Syndrome Associations (Appendix)
Angelman (UBE3A, del 15q, UPD)
Alpha-thalassemia-ID (ATRX)
Börjeson-Forssman-Lehmann (PHF6)
De Lange (NIPBL, SMC1A, SMC3, RAD21, HDAC8)
Kabuki (MLL2, KDM6A)
Mosaic variegated aneuploidy (BUB1B)
Renpenning (PQBP1)
Smith-Lemli-Opitz (DHCR7)
Trisomies 13, 18 and 21
Prenatal alcohol exposure
Prenatal infection (rubella virus, toxoplasmosis, 
cytomegalovirus, herpes virus)
Maternal phenylketonuria

Birth prevalence: 1/30 using <-2SD as definition, but no 
prevalence available for total pathologic forms

Associated anomalies: varies from none to multiple and 
any system/organ involved

Laboratory studies: ultrasonography, MRI, genomic 
microarray, gene sequencing, metabolic tests

Prenatal diagnosis: ultrasonography/ MRI reliability is 
dependent on timing of onset

Cause: chromosomal, Mendelian, environmental

Prenatal onset microcephaly is diagnosed with increasing 
frequency by ultrasound and other imaging technologies. 
Postnatally the diagnosis is most often based upon measure-
ment of the occipitofrontal head circumference (OFC) using 
a nonelastic tape to measure just above the supraorbital ridge 
and on the opisthocranion. The OFC measurement is a proxy 
for assessing brain volume, and care must be taken to optimize 
the accuracy through careful tape positioning.1,2 It should also 
be kept in mind that marked variation in skull shape (e.g. tur-
rencephaly, dolichocephaly) may distort the usual correlation 
of OFC with brain volume, in which case other methods of 
assessing brain volume may be used (e.g., neuroradiological 
assessments through CT or MRI). Microcephaly is not a mal-
formation per se, and, as some examples simply reflect nor-
mal variation (small normal brain), parental OFC should be 
assessed (Figs. 9.1.1, 9.1.2).

Primary microcephaly usually refers to isolated genetic 
microcephaly; sometimes it is used to separate intrinsic from 
acquired (secondary) microcephaly.3,4 Micrencephaly may be 
used to describe microcephaly of a primary developmental 
origin, and true micrencephaly when the small brain size is the 
only pathology.

The time of onset of microcephaly and the nature and 
chronology of any associated clinical signs, including intel-
lectual disability (ID), depends upon the underlying etiol-
ogy and onset and progression.3-5 A  categorical approach 
to diagnosis may be helpful when used in association with 
appropriate family assessment, careful physical examina-
tion, and directed laboratory and imaging studies that may 
require repetition at intervals (Fig. 9.1.3). Over the past 

several years, and related largely to advances in sequencing 
technologies, remarkable progress has been made in deter-
mining the specific genes responsible for syndromal and 
nonsyndromal microcephaly and associated intellectual dis-
ability. Autosomal recessive primary microcephaly (MCPH, 
MIM 251200) is an illustrative example.6-9 Dobyns proposed 
that this condition encompassed microcephaly with simpli-
fied gyral pattern (MSG) and was distinct and recognizable 
by an OFC ≤3 SD by age six months, sloping forehead, and 
MRI showing MSG.9 Adult OFC falls between -4 to -12 SD 
and ID is mild to moderate. During the past decade, caus-
ative mutations in 10 genes have been reported.3,6-8

There are over 500 syndromes that may include micro-
cephaly. Their causes include mutations in single genes, chro-
mosomal abnormalities, prenatal and postnatal effects of 
infectious agents and toxins, multifactorial influences, and 
disruption of a normally developing brain by hemorrhagic 
or ischemic stroke, twin-twin emboli, and trauma.3,6-10 The 
anomalies found in association with microcephaly in a partic-
ular individual vary with the underlying cause and will range 
from none in a normal familial small brain and in MCPH to 
those with malformations limited to within the brain (e.g., 
porencephaly), and to others with single or multiple addi-
tional organs involved. Each individual organ system has been 
described as malformed in association with microcephaly. 
Ophthalmologic anomalies are particularly important due to 
the direct developmental relationship with the brain.

There are no data for the incidence or prevalence of patho-
logic microcephaly, and rates vary with the relative success of 
eliminating known causes where interventions are available, 
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such as maternal rubella and fetal alcohol syndrome. Genetic 
causes vary by population; for example, MCPH is reported to 
affect about one in 1,000,000 Caucasians but one in 10,000 in 
West Pakistan.3

Treatment: Treatment is largely supportive and involves the 
provision of appropriate services as required for ID and any 
associated malformations. Important exceptions to this involve 
certain inborn errors of metabolism in which early recogni-
tion and treatment can be beneficial related to aspects includ-
ing neurodevelopmental outcome. Prevention is an important 
goal and includes control of infectious diseases (rubella, toxo-
plasmosis, CMV) maternal exposures (irradiation, alcohol, 
phenylketonuria), trauma, and toxins.

Prognosis: Prognosis depends upon the underlying etiol-
ogy and associated anomalies. Intellectual ability is generally 
determined by the underlying brain anomaly and can range 
from normal to profound ID.
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Fig. 9.1.3 This categorical pathway may help to guide thinking regarding the pathogenesis of microcephaly. Solid lines are common pathways and dotted less 
common. For example, a disruptive lesion may have an intrinsic cause (vessel weakness, thrombophilia) and might sometimes affect additional organs.

Fig. 9.1.1 Four-month-old infant with microcephaly, pancytopenia, intracranial 
calcifications and seizures. This X-linked condition closely mimics the disorder 
caused by prenatal cytomegalovirus infection.

Fig. 9.1.2 Cranial radiograph of 14-year-old male with microcephaly of unknown 
cause. Note the marked craniofacial disproportion.
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9.2 meGalenCePHalY

(Macrencephaly)

Definition: A brain weight or volume greater than 2 SD above the mean for age- and sex-matched controls as measured by 
MRI or at autopsy.

ICD9/ICD10: 742.4/Q04.5 Syndrome Associations (Appendix)
Cleidocranial dysplasia (RUNX2)
Costello (HRAS)
Cowden spectrum (PTEN)
Fragile X (FMR1)
Glutaric aciduria I (GCDH1) and II (ETFA, 
ETFB, ETFDH)
Greig cephalopolysyndactyly (GLI3)
Macrocephaly-capillary malformation (PIK3CA)
Megalencephalic leukodystrophy (MLC1)
Megalencephaly-capillary malformation-polymicrogyria 
(PIK3CA)
Megalencephaly-polymicrogyria-polydactyly- 
hydrocephalus (AKT3, PIK3CA, PI3R2)
Neurofibromatosis 1 (NF1)
Simpson-Golabi-Behmel (GPC3)
Sotos (NSD1)

Birth prevalence: unclear

Associated anomalies: most often none; varies in 
different syndromes

Laboratory studies: ultrasonography, radiographs, MRI, 
genomic microarray, gene sequencing, metabolic analyses

Prenatal diagnosis: ultrasonography may suggest, time of 
onset dependent, rule out other causes of macrocrania

Cause: Mendelian (AD, AR, X-L), metabolic, 
chromosomal

Most cases of megalencephaly are evident at birth and sus-
pected on the basis of an increased occipitofrontal head cir-
cumference (OFC). However, it is important to note that most 
individuals with an increased OFC do not have megalenceph-
aly, but rather macrocephaly due to congenital or acquired 
conditions such as hydrocephalus, calvarial hyperostosis, and 
intracranial bleed. The correlation between OFC and mega-
lencephaly is poor, especially with morphologic skull varia-
tion (e.g., dolichocephaly); a better correlation is with OFC 
squared times head height.1 Modern imaging studies have 
largely replaced traditional postmortem weight and volume 
for diagnosis, but even these do not show absolute correlation. 
Most true megalencephaly is congenital and developmental 
(anatomic), although a minority occurs with postnatal onset 
as has been noted in storage diseases and autism. Unilateral 
megalencephaly (hemimegalencephaly) is uncommon and is 
due to a diffuse enlargement of half the brain, which shows 
shallow sulci, wide gyri, subcortical neuronal heterotopias, a 
lack of cell layer separation, and scattered giant neurons (Fig. 
9.2.1).2 Associated macrocephaly may be asymmetric.

Benign familial megalencephaly is by far the most com-
mon form, and it is thus critical to measure parental OFC. In 

an otherwise developmentally and physically normal child 
whose parent(s) have macrocrania, no further investigations 
are needed. Many, but not all, patients with benign familial 
megalencephaly have been noted to have mild increases in sub-
arachnoid and Virchow-Robin spaces; this may be age-related, 
as these findings seem more common in the young.3 Although 
traditionally considered an autosomal dominant trait with 
male predominance, an argument has been made that it is 
an artifact of an arbitrary cutoff placed on a unimodal curve 
against a background of multifactorial inheritance.4 Many syn-
dromes are associated with macrocrania, but it is not always 
clear in which of them this represents true megalencephaly.5 
The clinical presentation varies with the underlying cause 
and/or the associated intracranial and extracranial signs. In 
most biochemical/metabolic conditions and a few develop-
mental syndromes, the onset of megalencephaly is postnatal; 
in some it is an important early sign that can aid in diagnosis 
(Cowden disease, osteopetrosis, glutaric aciduria types 1 and 
2). Macrocrania is common in autism, with most affected indi-
viduals having an OFC ≥50 percent, but its presence does not 
correlate with intellectual level or severity of neurobehavioral 
manifestations, dysmorphia, seizures, or recurrence risk.6,7
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Treatment: There is no treatment for anatomic megalen-
cephaly, most of which is benign and familial. Otherwise 
intervention is supportive and based upon symptoms and 
the requirement for developmental services. Some metabolic 
conditions are amenable to therapy, although the blood–brain 
barrier remains an issue with respect to enzyme replacement 
approaches.

Prognosis: The outlook for patients with megalencephaly is 
highly dependent upon the underlying cause and ranges from 
completely normal to profound intellectual disability. Where 
a specific cause, such as a known syndrome, is identified then 
past experience with that condition is the best guide. A study 
of 732 unselected children with macrocrania showed a slightly 
increased risk for lower intelligence (odds ratio 1.32).8 A greater 
odds ratio 5.44 was obtained for autism. Macrocephaly may 
resolve, but it is not clear that such cases truly represent mega-
lencephaly. The prognosis in hemimegalencephaly, including 
cases with associated hemihypertrophy, is generally poor with 
developmental delay and intractable seizures.
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9.3 aPrOsenCePHalY/aTelenCePHalY

Definition: Absence or deficiency of the telencephalic and diencephalic derivatives of the prosencephalon with an 
intact cranial vault.

ICD9/ICD10: 742.4/Q04.3 Syndrome Associations (Appendix)
Aprosencephaly-cerebellar dysgenesis
Holoprosencephaly-fetal hypokinesia
XK-aprosencephaly/atelencephaly
del 13q22q31

Birth prevalence: exceedingly rare

Associated anomalies: cerebellar anomalies, upper limb 
reduction defects, male genital hypoplasia, cloacal-anal 
anomalies

Laboratory studies: MRI, genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography, MRI

Cause: chromosomal, Mendelian

Fig. 9.2.1 Gross pathological appearance of hemimegalencephaly in a child 
with a large flank lymphangioma but no vascular changes in the brain. 
(Courtesy of the Department of Pathology and Laboratory Medicine, Children’s 
Hospital of Eastern Ontario.)
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The infant with aprosencephaly/atelencephaly presents with 
marked craniofacial disproportion with extreme microceph-
aly, prominent supraorbital ridges and sloping forehead (Fig. 
9.3.1). Redundant scalp skin folds may be present. In apros-
encephaly, development of the optic globes, mammillary 
bodies, hypothalamus, and posterior pituitary are absent, 
as they derive from the diencephalon. The face is similar to 
that in severe holoprosencephaly with cyclopia, no probos-
cis, and extreme nasal hypoplasia due to absence of the pre-
chordal mesodermal precursors. An exception was a patient 
with mosaic ring chromosome 13 reported by Goldsmith 
et al.1 Atelencephaly is somewhat less severe in that the dien-
cephalic structures have developed, but the cerebral hemi-
spheres are absent or represented by remnants (Fig. 9.3.2). 
In atelencephaly, save for an exceptional case with sirenome-
lia reported by Young et al., the eyes are present, the nose is 
basically normal, the palpebrae slant upward, and there may 
be hypotelorism or hypertelorism.2 Intermediate forms have 
also been reported.

While in most cases the cerebellum appears grossly nor-
mal, save for minor variation in size and shape, the cerebel-
lar histology in one patient was reported as highly abnormal 
and consisted mainly of white matter.3 A  sibling pair, each 
with a grossly abnormal cerebellum, may represent a distinct 
syndrome.4 No OTX2 mutation was found in these patients. 
With the possible exception of congenital heart disease, 
which has occurred in a significant proportion of cases of 
aprosencephaly, the malformations found in association 
with aprosencephaly and atelencephaly are the same.5 These 
have included hydranencephaly, genitourinary and anorec-
tal anomalies, limb defects, cleft lip and palate, diaphrag-
matic hernia, and an L4-S3 skin defect.5 The association of 
aprosencephaly/atelencephaly with genital, gut, cardiac, 
and distal limb defects has been termed XK-aprosencephaly/
atelencephaly, one case of which was seen with a del(13)
(q22q31), but it remains unclear as to whether this is a true 

syndrome. Aprosencephaly has been reported with otoceph-
aly in lambs.6

Little can be said about epidemiology and causation, as 
only 30 or so cases have been published. Holoprosencephaly 
and aprosencephaly have been described in a sibship with a 
causative SIX3 mutation.7 Insulin dependent diabetes mellitus, 
a known risk factor for holoprosencephaly, has been reported 
in the mother of a patient with aprosencephaly. Seibert 
reported aprosencephaly in association with an acardiac twin 
and questioned hypoxia-ischemia as a cause.8

Treatment: Supportive treatment for comfort is appropriate 
for any infant that survives.

Prognosis: Most infants are stillborn or die shortly after birth. 
Two have survived to 14 months and showed no meaningful 
developmental progress, with continued primitive reflexes. 
Temperature instability, seizures, spasticity, and a high-pitched 
cry were noted.
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Fig. 9.3.1 Sketch of aprosencephaly showing vestigial prosencephalon and 
normal cerebellum. A. Prosencephalon remnant. B,C. Cerebellum. (After Laurie 
et al., Am J Med Genet 3:303, 1979.
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Fig. 9.3.2 Atelencephaly. Brain of 20 week fetus showing absence of the 
telencephalon but presence of the diencephalon (D), mesencephalon (M), and 
cerebellum (C). There was no midline fissure, olfactory bulbs or nerve projects.
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9.4 HOlOPrOsenCePHalY

(Holotelencephaly, Telencephalosynapsy)

Definition: Failure of the sagittal division of the midline prosencephalon into cerebral hemispheres, transverse cleavage of the 
diencephalon and telencephalon, and horizontal budding of the olfactory bulbs and tracts (arhinencephaly).

ICD9/ICD10: 742.2/Q04.2 Syndrome Associations (Appendix)
Hartsfield; HPE-ectrodactyly (FGFR1)
Pseudotrisomy 13
Trisomies 13, 18, 21
Chromosomal microdeletions and microduplications
Maternal diabetes

Birth prevalence: 1/10,000–1/20,000, much higher in 
early pregnancy

Associated anomalies: other brain defects, facial clefts, 
ocular and skeletal anomalies

Laboratory studies: MRI, chromosome analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: ultrasonography, MRI, chromosome 
analysis, genomic microarray

Cause: chromosomal, Mendelian, environmental

Holoprosencephaly encompasses a continuous spectrum of 
severity but typically is subdivided into alobar, semilobar, 
lobar, and middle interhemispheric variant (MIHV) forms, 
although other subtypes have also been described.1-3

In populations with a high uptake of maternal serum 
screening, ultrasound, or noninvasive prenatal testing, a sig-
nificant proportion of more severely affected cases will be 
detected prenatally, at which point follow-on investigations 
may include three-dimensional ultrasound, MRI, chromo-
somal/array studies, and single gene testing. Cases that present 
postnatally are most likely to be suspected because of charac-
teristic craniofacial signs, whose spectrum frequently parallels 
the severity of the brain malformation and runs from micro-
cephaly (although patients with concurrent hydrocephalus 
may be macrocephalic) and midline facial defects (includ-
ing clefts) with hypotelorism to cyclopia.1-4 Cyclopia may 
be anophthalmic, monophthalmic or synophthalmic (Figs. 
9.4.1, 9.4.2, ); accompanying nasal structures are either absent 

or represented by supraorbital remnants. In ethmocephaly 
the hypoteloric orbits are separated by a proboscis, while in 
cebocephaly a small, flat nose with a single naris lies below 
the orbits. Milder still is a midline cleft lip that is associated 
with absent maxillary central incisors, a small, flat nose, hypo-
telorism with upslanting palpebral fissures and, commonly, 
trigonocephaly. It has been estimated that approximately 
80  percent of HPE is associated with a characteristic facial 
appearance, although there is potential for overestimation due 
to ascertainment bias.1 The characteristic facial appearance can 
be seen with a normal brain; conversely, severe neuroanatomi-
cal types of HPE may be observed with relatively preserved 
facial appearance.4 A single central maxillary incisor may rep-
resent a form fruste of autosomal dominant HPE (sometimes 
termed “microform” HPE).5,6 Other potentially useful signs of 
HPE include premaxillary hypoplasia and absent upper labial 
frenula.

Sulcal, gyral, basal ganglion, and other brain anoma-
lies are common, and their severity may correlate with HPE 
severity (Fig. 9.4.3). The hypothalamus is always, and caudate 
almost always, uncleaved, with a descending rate of noncleav-
age from the thalami, to lentiform, to caudate nuclei. HPE 
has been reported in a large number of syndromes, and thus 
a broad range of cranial and extracranial anomalies may be 
seen in affected patients.2 Most of these syndromes are rare 
and/or HPE is an uncommon to rare feature. There are vari-
ous potential biases in ascertainment of the cause of HPE, but 
studies have consistently shown that chromosome anomalies 
are the most common identified cause (24–46 percent), with 
53–88 percent of those being trisomy 13.7 Nonsyndromal HPE 
is important, especially in the presence of a positive family 
history, as several genes are identified—inheritance typically 
follows an autosomal dominant pattern with highly variable 
expressivity—and can be tested. Central endocrine abnormali-
ties, especially diabetes insipidus, are common.6Fig. 9.4.1 Spectrum of facial anomalies in holoprosencephaly.
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HPE prevalence is estimated at one in 250 conceptions, 
though the vast majority do not survive early gestation. HPE 
occurs in 1.2 of 10,000 recognized fetal losses and stillbirths 
and has a birth prevalence of 0.48 to 0.88 per 10,000 births.2,7-9 
Preexisting maternal diabetes is a statistically proven risk fac-
tor for HPE;10 there is some evidence implicating fetal alco-
hol exposure, and excess retinoids are also suspected to be 
causative. A female excess of live births with HPE reported in 

a number of studies may be due to better survival of female 
fetuses with trisomy 13 and was not observed when fetal loss 
was included.7

Treatment: The brain anomalies are not treatable; manage-
ment is supportive for infants who survive, with intervention 
as appropriate to treat associated malformations as well as 
endocrine abnormalities (such as diabetes insipidus).
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Fig. 9.4.2 A: Cyclopia with unitary ocular structure in a newborn infant. Note absence of all nasal structures. (Courtesy of Dr. C.I. Scott, Jr., A.I. duPont Institute, 
Wilmington, DE.) B: Cyclopia with synophthalmia of the ocular structures and proboscis. (Courtesy of Dr. C.I. Scott, Jr., A.I. duPont Institute, Wilmington, DE.) 
C: Typical facial appearance of cebocephaly. D: Eighteen-month-old male infant with holoprosencephaly. Facial features include hypotelorism, upslanted palpebral 
fissures, and premaxillary agenesis. (Courtesy of Dr. Will Blackburn and Nelson Reede Cooley, Jr.)
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Prognosis: Today a significant proportion of HPE is diag-
nosed prenatally and the pregnancy terminated. Postnatal 
survival is rare in alobar HPE; it is more common as the sever-
ity decreases and in the absence of trisomy 13 or 18 and/or 
life-threatening associated anomalies, with studies showing 
over 50 percent survival at one year for isolated HPE.9 While 
intellectual development is usually severely impaired and cor-
relates with the CNS severity, some patients make meaningful 
and, in a few cases, remarkable progress. Plawner et al. devel-
oped an assessment scale for prognosis.11 Medical problems 
may include seizures, diabetes insipidus, panhypopituitarism, 
severe feeding problems, colic, behavioral swings, temperature 
instability, and hydrocephalus (more common with the pres-
ence of a dorsal cyst).11
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9.5 malfOrmaTiOns Of 
COrTiCal DeVelOPmenT

Disturbance of neuronal and glial differentiation, migration, 
or maturation leads to predictable abnormalities in cortical 
morphology. To a degree the reverse prediction is also pos-
sible, although the same gross morphology may result from 
differing underlying histopathology, itself reflecting differing 
pathogenesis. Furthermore, different histopathology may be 
found within the same brain.

Cerebral cortical development occurs through the three 
distinct but overlapping steps of neurogenesis, migration, and 
organization. Neurons develop in the subependymal ventricu-
lar zone (VZ) between 40 and 125 days, with peaks at eight to 
10 and 12 to 14 weeks.1 Cells that finish dividing then migrate 
as initially indistinguishable neuroblasts and glioblasts to their 
ultimate positions in the cortex. Migration occurs between 
seven and around 25 weeks, with the first migration result-
ing in a “preplate” layer that is split by the next wave into a 
superficial marginal layer and the subplate. The former forms 
an early synaptic network of neuronal-like Cajal–Retzius cells 
that secrete reelin that is critical to further cellular migration 
and to cortical lamination. Subsequent migration must pass 
through any prior cortical layers and occurs through varying 
combinations of glial independent nuclear translocation or 
radial glial cell–dependent locomotion. The latter cells arise 
from the VZ before the neuroblasts and produce monopolar 
or bipolar radial array processes—the intermediate zone (IZ), 
along which neurons pass to form the subsequent cortical lay-
ers. The arrays are bundled together as they transect the IZ but 
subsequently branch repeatedly until they are a single fiber.2 

Fig. 9.4.3 Holoprosencephaly. Left: Inferior view of holoprosencephaly (HC) in an infant with trisomy 13. The cerebellar hemispheres (C) and the brain stem (B) are 
well developed. Middle: Superior view showing the hemispheres to be completely fused on the surface anteriorly (A), but a shallow midline (arrows) can be seen 
posteriorly. Right: In the coronal section, a single ventricle (V) is shown beneath the midline groove (arrows). (Courtesy of Dr. Will Blackburn and Nelson Reede 
Cooley, Jr.)
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Migrating neuroblasts initially contact multiple array pro-
cesses but ultimately separate from them and settle between 
and separating them, thus influencing the position of subse-
quent migrating neuroblasts.

The mature cortex consists of the outer, relatively acellu-
lar, marginal layer (I)  and, from the cortical surface inward, 
the five more cellular layers (II–VI) that develop in the reverse 
order from innermost to outer, each having their predominant 
neuronal type.2 Cortical growth continues with some orthogo-
nal migrations and the formation and then maturation of glial 
cells, dendrites, and axons. Some areas of the brain show a dif-
ferent pattern of development. As an example, the cerebellar 
cells grow from the germinal zones over the surface to form 
the external granular cell layer and then migrate inward to 
form the internal granular cell layer.

A move to a nosology that is not simply descriptive but 
rather is modeled on clinical and neuroimaging appearance, 

underlying pathogenesis, and the growing knowledge of 
specific etiologies, both environmental and genetic, will be 
more useful to clinicians who increasingly must select from 
a growing list of diagnostic options that includes specific gene 
sequencing panels.3
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9 . 5 A  L I S S E N C E P H A LY

(Agyria/Pachygyria, Microcephaly with Simplified Gyral Pattern)

Definition: A smooth cerebral cortex with agyria due to generalized failure of normal cortical migration.

ICD9/ICD10: 742.2/Q04.3

Birth prevalence: not known

Associated anomalies: Type I—brain anomalies, Type 
II—muscle disease, eye anomalies

Laboratory studies: neuroimaging, specific gene 
sequencing mostly guided by brain assessment

Prenatal diagnosis: MRI, gene sequencing if mutation is 
known, unlikely by routine ultrasonography

Cause: Mendelian (AR, AD, XL)

Syndrome Associations (Appendix)
Type I—LIS1 (PAFAH1E1)
Miller-Dieker (del 17p13.3)
LIS2, Norman-Roberts (RELN, VLDLR)
LIS3 with cerebellar hypoplasia (TUBA1A)
LISX1, X-linked (DCX)
LISX2, X-linked-abnormal genitalia (ARX)
Type II—Muscular dystrophy-dystroglycanopathy 
A (POMT1, POMT2, FKTN, POMGNT1, FKRP, 
ISPD, GTDC2, B3GNT1, TMEM5, B3GALNT2, 
LARGE,SGK196 GMPPB)
Seidahmed-congenital muscular dystrophy
Type III
Neu-Laxova (PHGDH)

There are several subtypes that reflect different migrational 
defects, and the classic form has been further divided into six 
forms based upon the degree of gyral abnormality and cerebel-
lar involvement.1,2 Common initial signs in Grade 1, Classic 
(Type I, diffuse agyria) lissencephaly (LIS) are poor feeding 
and responsiveness, an OFC between -1SD and -2SD that falls 
with age to -2SD or below, treatment-resistant seizures, spastic 
quadriparesis, and hypotonia with hyperreflexia. Minor dys-
morphic facial signs are often seen, and some patients may 
resemble Miller-Dieker syndrome (Fig. 9.5a.1). Neuroimaging 
demonstrates an even, thick cortex with smooth subsurface 
lines, a figure-8 brain shape, and a ventricular appearance 
of colpocephaly (Fig. 9.5a.2). Cerebellar involvement tends 
mostly to be limited to the vermis. The Grade types show 
diminishing scope of involvement along the spectrum of dif-
fuse agyria to diffuse agyria with a few shallow frontal and 

occipital sulci to →mixed agyria-pachygyria to only pachygyria 
to pachygyria with subcortical band heterotopias to subcortical 
band heterotopias (Fig. 9.5a.3). Cortical thickness is increased 
to a degree that varies by syndrome and causative gene and 
reflects increased gray and diminished white matter. Specific 
histopathological findings are confirmatory for the diagnosis 
and subclassification.3 The sites of maximal involvement—that 
is, anterior, central, temporal, or posterior—have been shown 
to vary by the specific causative gene and thus may help guide 
gene testing.4

Type II (Cobblestone) LIS is syndrome-associated, and 
the clinical and pathological severity varies with the specific 
syndrome. At its most severe, the cortex markings are lim-
ited to a shallow Sylvian fissure. The pathogenesis is consid-
ered due to the migration of neurons through the marginal 
zone through a disrupted pial-glial limitans and into the 
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Fig. 9.5a.1 Typical facial appearance of Miller-Dieker syndrome. (Courtesy of 
Dr. A.E. Chudley, Children’s Hospital, Winnipeg.)

Fig. 9.5a.2 CT image of a patient with Miller-Dieker syndrome showing the 
characteristic “ figure 8” appearance of lissencephaly. (Courtesy of Dr. W.B. 
Dobyns, Indiana University School of Medicine, Indianapolis, and Dr. A.E. 
Chudley, Children’s Hospital, Winnipeg.)

Fig. 9.5a.3 Gross lissencephaly brain specimen showing smooth cortical surface 
with shallow Sylvian fissure. (Courtesy of the Department of Pathology and 
Laboratory Medicine, Children’s Hospital of Eastern Ontario.)

leptomeninges, giving rise to a pitted-verrucous gross appear-
ance of the thickened (7–10mm) cortex. The smooth surface 
appearance of the cortex can be obscured by hydrocephalus, 
in which case the diagnosis depends upon recognition of the 
smooth subsurface lines. Associated brain findings commonly 
include a small dysplastic cerebellum and hypoplastic/absent 
olfactory and optic pathways. Neuropathologic changes are 
characteristic.5

Type III LIS is characterized by agyria, a granular cortical 
appearance, very hypoplastic cerebellum, absent/hypoplastic 
olfactory and optic tracts, basal ganglia, and absent corpus 
callosum. The cortex is thin with poor gray-white matter 
distinction, and the third and fourth ventricles may have an 
open roof.

Most cases of Type I  do not have significant malforma-
tions beyond the nervous system and are differentiated by 
the degree and distribution of the lissencephalic cortical 
changes and abnormalities elsewhere in the brain. Secondary 
changes are seen in some forms, such as abnormal genitalia 
in X-linked-ambiguous genitalia that have associated hypo-
thalamic dysfunction. Most cases of Type II (Cobblestone) 
are part of the Muscular dystrophy-dystroglycanopathy spec-
trum and are associated with effects secondary to progressive 
muscular dystrophy and ocular anomalies including microph-
thalmia, anterior chamber defects, glaucoma, preretinal glial 
membrane, cataracts, and corneal opacity. Facial changes are 
noted in some types. Lissencephaly may occur rarely in a few 
well established conditions such as Goldenhar and Neu-Laxova 
(Type III) and has been noted in a relatively small number of 
rarely reported syndromes, most of unknown inheritance and 
cause.6

There do not appear to be good data on the overall preva-
lence of lissencephaly. Dobyns has reviewed the frequency of 
specific gene mutations by type of LIS1.4 An excess of affected 
males is expected in LIS1, as several X-linked genes are 
involved.
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Treatment: The overall goal of treatment is to facilitate 
comfort and nursing. Interventions may include control of 
seizures, treatment of progressive hydrocephalus, and aids to 
feeding such as placement of a gastrostomy tube.

Prognosis: Uniformly poor prognosis should be anticipated 
with most patients not showing progress beyond the three- to 
five-month level and dying by the age of two years.7 However, 
parents should be made aware that the occasional nonsyndro-
mal patient will sit or roll, and that longer survival and fur-
ther development may occur in mixed agyria/pachygyria and 
milder migrational disorders such as subcortical band hetero-
topia and DCX-related lissencephaly.8 Seizures are the norm 
and frequently begin as, or develop into, infantile spasms. Most 
neonates are hypotonic and feed poorly, and while the latter 
may improve, LIS1 is characterized by reflux, opisthotonos 

and increasing spasticity that can compromise feeding and 
respiration.

REFERENCES

 1. Dobyns WB, Gilbert EF, Opitz GM: Letter to the editor: further comments 
on lissencephaly syndromes. Am J Med Genet 22:197, 1985.

 2. Kato M, Dobyns WB: Lissencephaly and the molecular basis of neuronal 
migration. Hum Mol Genet 12:R89, 2003.

 3. Friede RI: Developmental neuropathology. Springer-Verlag, Wien, 1975, p 298.
 4. Dobyns WB: The clinical patterns and molecular genetics of lissencephaly 

and subcortical band heterotopia. Epilepsia 51 (Supp 1):5, 2010.
 5. Barkovitch AJ, Kuzniecky RI, Dobyns WB:  A classification scheme for 

malformations of cortical development. Neuropediatrics 27:59, 1996.
 6. Hunter AGW: Brain. In: Human Malformations and Related Anomalies, ed 

2.Stevenson RE, Hall JG, eds. Oxford University Press, New York, 2006, pp 
551–553.

 7. Dobyns WB, Pagon RA, Curry CR, et  al.:  Clinical and molecular stud-
ies in 62 patients with type I  lissencephaly. Proc Greenwood Genetic Ctr 
10:64, 1991.

 8. Barkovitch AJ, Chuang SH, Norman MD:  MR of neuronal migration 
anomalies. AJR Am J Roentgenol 150:179, 1988.

9 . 5 B  PA C H Y G Y R I A

(Macrogyria)

Definition: An area of thickened cortical mantle with a reduced number of, but broader, gyri.

ICD9/ICD10: 758.33/Q04.3

Birth prevalence: Not known

Associated anomalies: not common

Laboratory studies: MRI-T2 weighted, gene sequencing, 
viral titers

Prenatal diagnosis: MRI, gene sequencing if mutation is 
known, unlikely by routine ultrasonography

Cause: Mendelian

Syndrome Associations (Appendix)
Baraitser-Winter (ACTB, ACTG1)
Orofaciodigital Type 1 (OFD1)
Short rib-polydactyly Type 2 (NEK)
Smith-Lemli-Opitz (DHCR7)
Velocardiofacial (TBX1)

Fig. 9.5b.1 Left: Macrogyria in a 33-week fetus with spondylothoracic dysplasia. A: anterior, P: posterior, C: cerebellum, BS: brain stem. Middle: T-1 MRI, coronal 
section of normal brain. Right: T-1 MRI, coronal section of intellectually disabled individual with microcephaly, enlarged ventricles, broad gyri. (Left courtesy of 
Dr. Will Blackburn; middle and right courtesy of Dr. Peter Humphreys, Children’s Hospital of Eastern Ontario.)
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Pachygyria occurs on a continuum from lissencephaly (agyria/
pachygyria) to focal affected areas. Clinical severity may vary 
with the extent of cortical involvement but is usually significant 
and may include severe developmental delay, seizures, abnor-
mal tone, failure to thrive, pyramidal signs, microcephaly, or 
hydrocephalus. Evoked potential and EEG signs may correlate 
with clinical severity.1

In pachygyria the cortex is generally four-layered with a 
normal marginal layer, a cellular layer with normal neurons but 
in reduced numbers and organization, a cell-sparse layer, and 
an inner (thick) cell layer with neurons arrested in migration 
in poorly arranged, broad radial columns (Fig. 9.5b.1).2,3 The 
subcortical white matter is thin and may contain heterotopias.

A significant fraction of cases of pachygyria occur as 
part of the nonsyndromal forms of lissencephaly. Most cases 
appear to be nongenetic, and although pachygyria has been 
recorded in a number of syndromes, it is usually an uncom-
mon component,4 many such cases were reported without thin 
slice MRI or careful autopsy and may have been confused with 
polymicrogyria.

There are no incidence data for pachygyria. As in Type 
I  lissencephaly, there may be a male predominance due to a 
number of X-linked forms. A majority of cases have bilateral 

involvement. Twin studies suggest a low heritability of gyral 
patterning.5

Treatment: Supportive therapy aims to ensure comfort and 
seizure control.

Prognosis: Generally delay is profound, seizures and micro-
cephaly are common, and initial hypotonia may evolve to 
hypertonia. Cases that are less diffuse and nonsyndromal 
may do better and potentially benefit from developmental 
interventions.
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9 . 5 C  P O LY M I C R O G Y R I A

(Terms no longer used: Microgyria, Micropolygyria, Status Verrucosus Deformis)

Definition: An area of thickened cerebral cortex characterized by an excess number and small size of gyri.

ICD9/ICD10: 742.2/Q04.3

Birth prevalence: unknown

Associated anomalies: brain including other migrational, 
otherwise none specific

Laboratory studies: gene sequencing if mutation is known

Prenatal diagnosis: MRI, gene sequencing if mutation is 
known, unlikely by routine ultrasonography

Cause: Mendelian, microdeletions, environmental

Syndrome Associations (Appendix)
Aicardi
Baraitser-Winter (ACTB, ACTG1)
Bilateral diffuse (RTNN, TUBB2B)
Bilateral fronto-parietal (CPR56)
Goldberg-Sphrintzen (KIAA1279)
PMG-optic nerve hypoplasia (TUBA8)
PMG-schizencephaly (EMX2)
Variable AR (WDR62)
Warburg micro 1 (RAB3GAP1)
Zellweger (PEX genes)

In polymicrogyria (PMG) the sulcal depth varies, and typical 
characteristics can be obscured by fusion of the molecular layer 
between gyri (Fig. 9.5c.1). There are two major forms—the 
more common, true four-layered type consisting of an outer 
marginal layer, a cellular layer resulting from fusion of layers 
II, III, and IV, a cell sparse layer, and an inner cellular layer; 
and an embryologically earlier form that lacks lamination. 
Variant forms are also seen.1-3

PMG is most often bilateral, and clinical presentation is 
dependent upon the extent and location of the polymicro-
gyria and the effect of any associated intracranial anomalies. 
Distinct distributions of bilateral PMG are recognized and may 
guide clinical prediction and genetic testing. These include 

periSylvian, parasagittal parietooccipital, Sylvian parietooccip-
ital, frontal, and frontoparietal. Congenital bilateral periSylvian 
(CBPP) is the most common form and initially was recognized 
in children with mild to moderate delay, a variety of often 
hard-to-control seizure types, feeding difficulty, pseudobulbar 
palsy, and variable facial, pharyngeal, tongue, and masticatory 
diplegia. Over time, milder cases have been ascertained as well 
as patients with additional anomalies.4-6 The other topogra-
phies of PMG have somewhat characteristic but less specific 
presentations. Variable delayed development, spasticity and 
a lower rate of seizures are typical of bilateral frontal PMG. 
Frontoparietal PMG often presents with moderate or greater 
intellectual delay, seizures, esotropia, strabismus, pyramidal, 
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Fig. 9.5c.1 Lateral view of the brain from a term newborn infant showing 
polymicrogyria and Arnold-Chiari malformation. Dissection showed internal 
hydrocephalus and agenesis of the inferior olivary nuclei. (Courtesy of Dr. Will 
Blackburn and Nelson Reede Cooley, Jr.)

and cerebellar signs.7 Parietooccipital PMG usually is noted in 
normal or mildly cognitively affected persons during evalua-
tion of seizures. More generalized, clinically more severe, and 
more circumscribed, limited-impact PMG also occur.

PMG is commonly seen accompanying porencephaly and 
schizencephaly; most typically the PMG is bilateral and in the 
distribution of the middle cerebral artery. Additional intra-
cranial and extracranial malformations have been reported, 
sometimes in association with syndromes, most of which are 
uncommon.8 Cases resulting from microarray detected dele-
tions have been described.9

There are no data on the incidence of PMG; while not 
common, with increasing use of more refined MRI it is being 
identified more often. There is good evidence, both from dis-
tribution and the association with clastic lesions and epidemi-
ologic association studies, that PMG is often a consequence of 
prenatal events including hypoxia/hypoperfusion or infection 
(CMV, toxoplasmosis).5,10,11

Treatment: Management needs will vary widely but are 
largely aimed at motor and developmental support and control 
of seizures.

Prognosis: Generally the outlook and clinical signs correlate 
with the topography and extent of the PMG and the presence 
and nature of any associated brain anomalies. Many patients do 
well, and PMG may be discovered during the investigation of 
late-onset seizures (parietooccipital) or even as an incidental find-
ing. Motor signs may predominate in CBPP and bilateral frontal 
PMG; esophageal atresia has been suggested as a poor prognostic 
sign in CBPP.12 Small areas of PMG have been noted in dyslexic 
individuals, but the functional connection is unproven.
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9 . 5 D  H E T E R O T O P I A S

(Ectopias)

Definition: Collections of neurons that have failed to migrate to their normal positions.

ICD9/ICD10: 742.4/Q04.8

Birth prevalence: unknown

Associated anomalies: other cortical, extracranial not rare 
but not specific

Laboratory studies: MRI, EEG, PET

Prenatal diagnosis: unlikely by ultrasonography, possible 
late in gestation by MRI

Cause: sporadic, Mendelian (AD, AR, XL), possibly 
environmental exposure

Syndrome Associations (Appendix)
Aicardi
Apert (FGFR2)
Bilateral periventricular nodular (FLNA, PQBP1)
Short-rib thoracic dysplasia (NEK1, DYNC2H1)
Subcortical laminar, X-linked (DCX)
Thanatophoric dysplasia (FGFR3)
Zellweger (PEX genes)

Heterotopias are classified as being subependymal, subcor-
tical, or beyond the cortical plate as marginal glioneuro-
nal heterotopia (MGNH).1 Single heterotopic neurons are 
common in normal brains, and a cluster of ≥12 is consid-
ered a microscopic heterotopia. Although the primary loca-
tion of heterotopias may correlate with specific syndromes, 
seizures—which can be refractory and/or associated with 
delayed development—are the typical presentation. There is 
likely a strong selection bias toward symptomatic cases, as 
premortem detection of heterotopias is dependent upon MRI 
imaging, often requiring slices of <3mm and weighting to dis-
tinguish gray from white matter; maturation and myelination 
also aids this separation.2 Other concurrent cerebral anoma-
lies may account for some symptoms and at times may only 
be apparent through functional studies such as EEG or PET 
scans.3 There is also evidence of qualitative cellular changes in 

the cortex overlying heterotopias that may play a role in the 
predominant seizures.4 Nodular heterotopias, either single or 
multiple and usually present along the subependymal region 
of the posterior lateral ventricles, are the most commonly 
diagnosed heterotopias (Fig. 9.5d.1). MGNH are most often 
infratentorial, associated with other CNS lesions, and are 
unreported except at postmortem diagnosis. They are impor-
tant in the fetal alcohol syndrome.5 Unilateral subependymal 
heterotopias tend to be in a paratrigonal location, which is a 
watershed area.

Other cerebral anomalies, particularly those of migra-
tion, are those most often associated with heterotopias. While 
noncerebral malformations are not uncommon, there do not 
appear to be any specific associations, although heterotopias 
are reported in a number of established and some less estab-
lished syndromes.6,7

Fig. 9.5d.1 Heterotopias. Left and middle: adjacent T-1 weighted MRI sections with extensive nodules of gray matter in walls of both ventricles. The mass in the 
left ventricle of the left image is the posterior terminator of the thalamic pulvinar nucleus. Right: axial cross-section of brain with multiple periventricular nodular 
heterotopias (arrows). (Left and middle courtesy of Dr. Peter Humphreys, Children’s Hospital of Eastern Ontario; Right courtesy of Department of Pathology and 
Laboratory Medicine, Children’s Hospital of Eastern Ontario.)
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Heterotopias are underascertained because their detection 
is largely dependent upon their being symptomatic; they are 
the most prevalent malformation of cortical development.7 
Careful MRI and autopsy studies have found heterotopias 
in a high proportion of patients with conditions as diverse 
as encephalocele, extratemporal lobe epilepsy, and epilepsy 
showing EEG evidence of focal origin.

Treatment: Usually limited to management of seizures that, 
when resistant to medical management, may respond to sur-
gical intervention in carefully selected cases. Other interven-
tion is as appropriate in the presence of developmental delay 
or for the management of associated anomalies, most notably 
in syndromal cases.

Prognosis: In the absence of associated cerebral and/
or extracranial anomalies, neurological signs and develop-
mental delays appear unlikely in patients with heterotopias. 
Ascertainment is usually because of seizures, which may be 
resistant to therapy. It may also be unclear as to whether the 
origin of seizures is due to the heterotopia or is remote, such 
as in an overlying cortical dysplasia.8 However, the role of the 

heterotopias seems clear in those cases of focal epilepsy where 
clinical benefit appears to be correlated with clustering of het-
erotopic tissue in the surgical specimen.9
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9 . 5 E  F O C A L  C O RT I C A L  D Y S P L A S I A

Definition: A localized intracortical malformation of cortical development that excludes the major migrational anomalies 
including macroscopic heterotopias (Entry 9.6d).

ICD9/ICD10: 742.4/Q04.8

Birth prevalence: unknown

Associated anomalies: none specific, some syndromal

Laboratory studies: EEG mapping, MRI

Prenatal diagnosis: gene sequencing if mutation is known

Cause: sporadic, Mendelian, environmental

Syndrome Associations (Appendix)
Cataracts-contractures-cortical dysplasia
Congenital ocular muscle fibrosis (KIF21A)
Cortical dysplasia-focal epilepsy (CNTNAP2)
Craniocarpal-tarsal (MYH3)
Focal cortical dysplasia-Taylor type IIa (TSC1)
Hypomelanosis of Ito (some chromosome mosaic)
Neurofibromatosis I (NF1)
Tuberous sclerosis (TSC1, TSC2)

Attempts to refine the classification of subtypes of focal cor-
tical dysplasia (FCD) are largely based upon the presence of 
dyslamination and the presence or absence of one or more 
of immature and/or giant cells or dysmorphic neurons with  
or without balloon cells. There has been a recent proposal to 
add types IIIa–IIId based upon associated hippocampal sclero-
sis, epilepsy-associated tumors, adjacency to vascular malfor-
mations, and association with acquired epileptogenic lesions 
respectively (Table 9.5e.1).

The common presentation is with frequent early-onset par-
tial seizures, often associated with motor and secondary gener-
alized seizures. A history of status epilepticus and an EEG with 
a high frequency of continuous spiking or other highly epilep-
togenic patterns are common. Stereotypic interictal rhythmic 
4–10 Hz repetitive medium-voltage sharp waves or spikes as 
shown by electrocorticography is common over areas of FCD.1,2 
Intermittent sharp waves or spikes are also frequent. Clinical 

presentation is influenced by subtype, location, and extent of 
the FCD. Severe neurological deficits are not common unless 
the FCD is extensive, although behavioral disturbances can 
occur, especially with early onset of seizures.3 MRI findings are 
not consistent but in the myelinated brain can include increased 
vertical thickness/thinning, ill-defined grey-white junction, a 
local area of atrophy, and increased T2 signal (Fig. 9.5e.1).

Complete hemicortex involvement can be associated with 
megalencephaly. Ipsilateral skin changes including pigmentary 
disturbances, hemangiomas, and nevus sebaceous may occur. 
There is also an association of FCD with several syndromes and 
with dysplastic tumors including gangliogliomas, dysembryo-
plastic neuroepithelial tumors, and xanthoastrocytomas.4,5

FCD is regularly overlooked at routine postmortem, and 
there are no useful data on the prevalence of FCD or the pro-
portion that are clinically manifest. It appears to occur in about 
15 percent of surgical epilepsy series.
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Treatment: The prime task in the treatment of FCD is sei-
zure control, and relatively few achieve seizure-free intervals 
of greater than six months using antiepileptic medications.6 
A  surgical approach may thus be required, and good results 
have been obtained and can be expected to improve with the 
preoperative application of newer and evolving diagnostic 
approaches to MRI, EEG, and PET.2

Prognosis: The onset of seizures is usually early, with about 
92.5 percent presenting before the age of 16 years and 61 per-
cent before the age of five years.6 While there may be initial 
response to medication, development of resistance is common. 
It appears that patients with isolated FCD Type I have a poorer 
postsurgical response than those where the FCD is associated 
with hippocampal sclerosis or tumors.7 Significant develop-
mental delays are not common, but data are limited and there 

is some evidence that abilities in the borderline range may not 
be uncommon.8 Many questions remain about the correlation 
between outcome, including surgical, with FCD category type, 
location, and extent. Partial lobectomy has been of benefit in 
some cases.
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TABLE 9.5E.1  Classification and Definition of focal Dysplasia 

with Type 0 added.3,9

Type 0—mildest forms of malformations of cortical development

OA: Abnormality confined or adjacent to cortical layer I

i. Neurons present in the molecular layer

ii. Persistent subpial granular layer

iii. Small area(s) of marginal glioneuronal heterotopias

OB: Malformation outside of layer I

i. Small clusters (≥12) of heterotopic white matter neurons

ii. Dysgenesis of hippocampal formation

Type i – architectural dyslamination with no abnormal cellular elements

IA: Architectural dyslamination alone

IB: As per IA with immature and/or giant neurons

Type ii – architectural dyslamination with abnormal neurons

IIA: Architectural dyslamination plus dysmorphic neurons +/- immature 
neurons or giant cells

IIB: As per IIA plus balloon cells (most severe form of FCD)

Type iii—Cortical lamination anomalies associated with a principal 
lesion

IIIA: Associated with hippocampal sclerosis

IIIB: Associated with tumors

IIIC: Associated with vascular malformations

IIID: Associated with other lesions acquired during early life

Fig. 9.5e.1 T1-weighted MRI, coronal sequence, fronto-central region, from 
a young boy with congenital left spastic hemiparesis and epilepsy. The left 
hemisphere is normal in appearance, whereas the right shows an abnormal 
gyral pattern in the entire convexity area, including an abnormally configured 
sylvian fissure. The right lateral ventricle is enlarged. (Courtesy of Dr. Peter 
Humphreys, Division of Neurology, Children’s Hospital of Eastern Ontario.)
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9.6 aGenesis Of THe COrPUs CallOsUm

(Absent Corpus Callosum, Hypogenesis/Dysgenesis of the Corpus Callosum)

Definition: Partial or complete developmental failure of the major neopallial connection (corpus callosum) between the two 
cerebral hemispheres.

ICD9/ICD10: 742.2/Q04.0

Birth prevalence: 1/20,000 (routine autopsy), 1/10 fetuses 
with mild ventriculomegaly

Associated anomalies: other CNS, ocular, cardiac, 
skeletal, renal

Laboratory studies: chromosomes, microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography (may miss <22 wks), 
MRI, gene sequencing if mutation is known

Cause: chromosomal, Mendelian (AD, AR, XLR, XLD), 
several inborn errors, environmental

Syndrome Associations (Appendix)
Acrocallosal (KIF7)
Aicardi
Anderman (SLC12A6)
FG, Lujan, Ohdo spectrum (MED12)
Focal dermal hypoplasia (PORCN)
Fryns
Genitopatellar (KAT6B)
Muscle-eye-brain (POMGNT1)
Mowat-Wilson (ZEB2)
Neu-Laxova
Zellweger (PEX genes)
Trisomies 13, 18, 11q and others

Primary forms of dysgenesis of the corpus callosum (ACC) 
include failure of the callosal axons to form and failure of 
the commissural fibers to cross the midline, which results in 
paraventricular bundles of Probst.1 Secondary forms are due 
to malformations of the forebrain or secondary atrophy with 
thinning and/or partial ACC.

ACC may be a chance finding at autopsy or by neuro-
imaging in normal individuals. It is asymptomatic in the 
absence of associated gross or submicroscopic CNS anoma-
lies (Fig. 9.6.1).2 Detecting the neurologic impact of isolated 
ACC requires sophisticated testing of functions dependent 
on specific intercerebral callosal connections. One area 
of difference is in speed of completing tasks that require 
bimanual responses or bilateral matching.3 Delayed central 
conduction of brain stem auditory evoked responses and 
prolonged visual responses may be common.2 The age at 
diagnosis is thus highly dependent upon the significance of 
any associated anomalies and the age at which they become 
symptomatic. Neonates may present with dysmorphic 
appearance (hypertelorism with broad nasal bridge and tip 
is common), macrocephaly, or microcephaly. In infancy 
ACC may be found during investigation of developmental 
delay, seizures (infantile spasms included), or an abnormal 
head circumference. Other symptoms, including poor coor-
dination, spasticity, and growth failure are not infrequent. 
Older children may simply show learning disability. MRI 
confirmation of ACC, including fetal, has been subject to 
several reviews.4,5

A broad range of CNS malformations are found in patients 
with complete and partial ACC. From one large study these 
included, in descending order of frequency, neuronal migration 
defects (heterotopias, polymicrogyria, microgyria, pachygyria, 

lissencephaly, arhinencephaly), hydrocephalus, and micro-
cephaly.6 Associated cysts are common and can be categorized 
after Barkovich et al. as: Type 1, connected to the ventricular 
system and with three subtypes based upon associated find-
ings; and Type 2, not connected to the ventricular system, and 
further divided into seven subtypes.7 Tumors including lipo-
mas, papillomas and meningiomas, neural tube defects, and 
cerebellar anomalies may also be found. Extracranial anoma-
lies are common and include craniofacial (hypertelorism most 
common), ocular, skeletal, cardiorespiratory, and renal. These 
associated findings may point to one of the large number of 
syndromes reported with ACC. Many of the syndromes are 
rare, or, in the case of better known syndromes, ACC is often 
an uncommon finding. Some associated findings, such as the 
retinal lacunae in Aicardi syndrome, may suggest a specific 
syndrome.

The prevalence of ACC (Table 9.6.1) varies remarkably 
by timing and circumstance of diagnosis. The lowest rates are 
found at routine autopsy (1/20,000) and in unselected hospi-
talized (1/200–1/1000) patients, with the highest rates seen 
among all prenatally detected CNS anomalies (1/20–1/35) and 
mild prenatal ventriculomegaly (1/10).7 Most studies show a 
male excess in ACC (mean 1.84:1), and Barkovich et al. have 
suggested this is specific to certain types.8

Treatment: A fetal MRI and karyotype/microarray are 
important in managing prenatally detected cases where ter-
mination of the pregnancy is being considered. Postnatal 
management includes careful assessment for other CNS and 
non-CNS abnormalities followed by intervention and sup-
port as required. This can include surgical intervention to treat 
complications such as hydrocephalus, management of seizures, 
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and educational support. Other patients will not require any 
ongoing intervention or support.

Prognosis: The prognosis is directly related to concurrent 
anomalies, most importantly brain function, and predicting 
outcome is perhaps most important in prenatally ascertained 
cases. In a study of reported cases, Gupta and Lilford found 
that 23 of 27 prenatally ascertained isolated ACC (confirmed at 
livebirth) were developmentally normal at a mean follow-up at 
29 months.9 Several other reports echo these general outcomes 

for isolated ACC and also show a relatively poor prognosis in 
the presence of additional prenatally detected CNS anomalies. 
Moutard et al. carried out a very detailed follow-up study of 
21 prenatal, apparently isolated, cases of ACC.10 All had viral 
studies, karyotype, and an examination at nine to 14 months 
to rule out other anomalies. The majority of FSIQs were in the 
range of 90–109, but many were below 100. Further 10-year 
follow-up of some of the cohort showed absence of seizures, 
normal intelligence in most (73  percent) although half had 
some scholastic difficulties, and they confirmed a previously 
noted correlation between outcome and maternal socioeco-
nomic status.11 Recent reports confirm this generally favor-
able outcome but emphasize the importance of ruling out 
associated malformations, potential prenatal neurotoxins 
such as alcohol, and performing appropriate genetic testing. 
Ventriculomegaly ≥15 mm and abnormal sulcal morphology 
and/or infratentorial abnormalities suggest a poorer develop-
mental prognosis.5,12
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Fig. 9.6.1 Agenesis of corpus callosum. Left: sagittal midline cut of brain with absence of the corpus callosum (arrows). Middle: sagittal MRI showing absence of 
corpus callosum and anterior lipoma (white area). Right: sagittal MRI showing partial absence of corpus callosum along with aqueductal stenosis and compensated 
hydrocephalus. (Left courtesy of Department of Pathology and Laboratory Medicine, Children’s Hospital of Eastern Ontario; middle and right courtesy of 
Dr. S. Grahovac, Ottawa General Hospital.)

TABLE 9.6.1  Prevalence of aCC with Different methods 

of ascertainment

raTe Per 10,000 sOUrCe Of asCerTainmenT

0.5 Routine autopsy series

10–30 Unselected hospitalized population

36 Stillbirths and neonatal autopsies

36 Referral to pediatric neurology service

70 Large series of pneumoencephalograms

101 Consecutive MRI series in neurologically 
abnormal children

157 Consecutive MRI series in patients under 
17 years

230 Children with intellectual disability

300 Cases of prenatally detected ventriculomegaly

300–500 Cases among all CNS anomalies detected by 
prenatal ultrasound

1000 Cases of prenatally detected mild 
ventriculomegaly

From Hunter 20067
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9.7 CaVUm

(Septum Pellucidum/Vergae, Absent Septum Pellucidum)

Definition: A fluid-filled cavity, unconnected to the ventricular system, between the apposed sides of the septum pellucidum 
and/or the more caudal, and usually connected, vergae. Cysts are symptomatic cavities, but it is often not possible to ascribe 
cause and effect to the cyst.

ICD9/ICD10: 742.4/Q04.8

Birth prevalence: cavum: 1/20 at birth and decreases with 
age; absence: 1/300,000 to 1/500,000

Associated anomalies: other CNS anomalies if septum 
pellucidum is absent

Laboratory studies: directed by associated anomalies

Prenatal diagnosis: common normal finding

Cause: normal variation, chromosomal, Mendelian, post 
traumatic

Syndrome Associations (Appendix)
Cyst
Megalencephalic leukoencephalopathy-subcortical cysts 
(HEPACAM)
Thrombocytopenia-absent radius (RBM8A, del 1q21.1)
Cavum
Basal cell nevus
Microphthalmia-linear skin defects (del Xp22.3)
Absence
Septo-optic dysplasia
Velocardiofacial (TBX1)

A cavum is usually noted as an incidental finding. Present in all 
fetuses at 36 weeks gestation, it can be seen in about one-third 
of term infants (Fig. 9.7.1).1 Prevalence estimates vary widely 
for adults, but 5 percent is the likely range with the decline to 
adult rates occurring in the first decade.2 These variable prev-
alence estimates necessitate comparison with control popu-
lations when looking for any association between a specific 
neurologic complaint and presence of a cavum. A cavum has 
been reported in a number of syndromes,3 but in some cases 
this is likely only a chance finding. Some studies that included 
controls have suggested a higher rate of cavum in schizophre-
nia, bipolar illness, opiate dependence, and developmental 
delay. There has been discordance between studies and a con-
tinued needed for carefully matched, MRI, observer-blinded 
analyses that include detailed assessment of the entire brain 
before conclusions can be drawn. A recent meta-analysis for 
schizophrenia showed an excess limited to large cavi.4 There 
is some evidence for acquired cavum through repeated head 
trauma, as in boxing. A study of British boxers found a non-
significant trend to a higher rate of cavi (but a higher fre-
quency of cavi extending up to the fornix and into the cavum 
vergae) and of progression with time.5 An expanding cavum 
(cavum cyst) may present from infancy to later adulthood 
and may be associated with headache, autonomic, behavioral, 
sensorimotor, and neuro-ophthalmic changes as well as syn-
cope, emesis, and papilledema that can be relieved by treat-
ment.6 The possibility of associated CNS anomalies should 

be considered, and whether a cyst is truly present should be 
carefully assessed.

Absent septum pellucidum (ASP) is a component of 
septo-optic dysplasia and generally is associated with addi-
tional CNS anomalies, most often affecting the midline/
ventricular system; it is claimed to occur secondary to hydro-
cephalus. It has also been reported in normal individuals and 
in a number of syndromes.3,7 The diagnosis is affirmed by not-
ing a squared off and pointed appearance to the inferior frontal 
horns at the level of the foramen of Monro.8

A cavum is not associated with specific malformations, and 
most are incidental findings. They have been noted in associa-
tion with several chromosome abnormalities and in many syn-
dromes, but a true association is unproven for most.3 ASP appears 
commonly associated with significant brain anomalies including 
schizencephaly, ACC, holoprosencephaly, and Chiari II.

The septum pellucidum is present by three months ges-
tation and it is formed by the infolding halves of the neural 
tube. The cavum appears with crossing of the corpus callo-
sum, and ACC is usually associated with ASP. The cavum 
begins to close by six months gestation in a caudal to ros-
tral direction. None of several causal hypothesis for persis-
tent cavum has been proven, and most instances may simply 
reflect normal variation. Three developmental variations have 
been noted:  a single midline membrane (50  percent), two 
distinct apposed membranes (25 percent), and two distinct 
membranes separated by a space (25  percent).9 Continued 
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expansion to form a potentially symptomatic cyst may result 
because the septal membranes have characteristics capable 
of secreting CSF, thus causing expansion of a cavum that has 
no egress such as fenestrations. With the exception of post-
traumatic acquired caval cysts, there appears to be an equal 
sex ratio of cavi. A set of monozygous twins concordant for 
a caval cyst has been reported. The prevalence of ASP may 
be underestimated, but a rate of two to three per 100,000 has 
been suggested.7

Treatment: As a cavum is generally a chance finding and 
drainage has no impact on the symptoms/signs attributed to 
its presence, treatment is not indicated. A true and expanded/
expanding caval cyst is rare, but in this case drainage will gener-
ally relieve the hydrocephalus, increased intracranial pressure, 
and other neurological signs associated with its occurrence. 
Isolated ASP is benign and requires no treatment.

Prognosis: The finding of a cavum is in itself unimportant, 
and any neurologic or developmental issues are unrelated to 
its presence. It has to be kept in mind that it is often noted with 
neuroimaging in an individual with neurologic signs, and its 
presence does not suggest cause and effect. Caval cysts may 
self-cure by fenestration or rupture and respond well to several 

surgical drainage approaches. It is rare that a cyst requires 
removal. Isolated ASP is of no consequence and is not treat-
able, but its presence warrants a careful look for any associated 
CNS anomaly.
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A B

Fig. 9.7.1 A: Axial CT scan showing midline cavum (arrows) between the lateral ventricles. B: Axial MRI showing midline cavum septi pellucidi (arrows).
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9.8 HYDrOCePHalUs

Definition: An increased intracranial cerebrospinal fluid (CSF)–containing space relative to that of the cerebral parenchyma. 
Considered herein is the type due to an excess of CSF production relative to resorptive capacity, usually but not always 
resulting in increased pressure. Not considered is hydrocephalus ex vacuo that results from parenchymal atrophy.

ICD9/ICD10: 742.3, 331.4/G91.2, G91.9, Q03.9

Birth prevalence: 1/1,250–1/2,000 (isolated)

Associated anomalies: aqueduct stenosis, Chiari II, 
Dandy-Walker, other brain and syndrome signs

Laboratory studies: guided by overall findings

Prenatal diagnosis: ultrasonography, further imaging, 
chromosomes/gene tests based on findings

Cause: sporadic, Mendelian, environmental

Syndrome Associations (Appendix)
Achondroplasia (FGFR3)
Antley-Bixler (FGFR2, POR)
Chudley-McCullough (GPSM2)
Ciliary a/dyskinesia (multiple genes)
Crouzon (FGFR2)
Hydrolethalus (HYLS1, KIF7)
MASA spectrum (L1CAM)
Orofaciodigital 1 (OFD1)
VACTERL-H (FANCB, ZIC3)
X-linked heterotaxy 1 (ZIC3)

The symptoms and signs of hydrocephalus vary with severity 
and age at presentation but are those of increased intracranial 
pressure and/or decreased cerebral blood volume and flow. 
Congenital hydrocephalus (HC) usually presents early, at a 
time when sutures are open, and the prime diagnostic sign is 
a head circumference (OFC) upwardly crossing centiles (Fig. 
9.8.1). The fontanel is tense, with progression the sutures 
widen; hair is sparse, there is loss of upward gaze, and the skull 
shape often changes. Although about half of affected children 
remain asymptomatic, clinical signs include but are not limited 

to irritability, headache, vomiting, and, in the older child, per-
sonality and gait change, developmental delay, seizures, and 
endocrine disturbances.1,2 About 15 percent of children with 
symptoms have no clinical signs, and a high index of suspicion 
is required.2 Once sutures close there is little to accommodate 
increased pressure, and presentation can include headache, 
vomiting, papilledema, and less common signs such as endo-
crine disturbance and amenorrhea. Appropriate imaging stud-
ies will confirm the diagnosis, exclude HC ex vacuo, determine 
the site of obstruction, and allow diagnosis of normal pressure 
HC, a potential cause of dementia (Fig. 9.8.2).3,4

The broad categories of brain anomalies underlying HC 
are aqueductal (~40 percent), communicating (~40 percent), 
Dandy-Walker (~10 percent), and other (~10 percent). There is 
a very large number of specific causes of hydrocephalus. Given 
that there are almost 200 conditions reported that can exhibit 
HC, almost any malformation can be seen in association. The 
syndromes range from single reports of conditions of unknown 
cause to those that are common and of known pathogenesis.5

In considering the pathophysiology of hydrocephalus, 
McAllister has offered nine conclusions:

1. The age of onset strongly influences the degree of 
impairment. Whereas developing brains may be more 
capable of plasticity and recovery, overall the impact 
of in utero or perinatal onsets usually predicts a worse 
neurological outcome.

2. Regardless of the injury mechanisms, the severity of the 
pathology is dependent on the magnitude and duration of 
ventriculomegaly.

3. The primary or at least the earliest affected targets are 
periventricular axons, myelin, and microvessels.

4. Secondary changes in neurons reflect response to axonal 
disconnection, diminished cerebral blood flow and 
ischemia, and altered metabolism.

Fig. 9.8.1 Facial view of a 5-month-old infant with a large head secondary to 
hydrocephaly. The infant had a number of other malformations as well, and 
chromosome analysis showed mosaicism for trisomy 9. (Courtesy of Dr. Will 
Blackburn and Nelson Reede Cooley, Jr.)
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5. Cerebrovascular injury mechanisms are prominent (e.g., 
hypoxia, ischemia, capillary damage).

6. Gliosis and neuroinflammation play major roles in acute 
and chronic (subthreshold) injury.

7. Altered efflux of extracellular fluid, slow CSF flow, 
and altered capillary transport mechanisms cause 
accumulation of toxins.

8. Some, but not all, changes are preventable by draining CSF 
with ventricular shunts, extraventricular drains, and third 
ventriculostomy.

9. Considerable plasticity and compensation probably occurs, 
although this is a major area requiring further study: one 
example is the newfound lymphatic absorption of CSF 
that occurs adjacent to some cranial nerves as they exit the 
cranium.6

Ultrasound diagnosis of fetal HC requires expertise to assure 
appropriate views and rule out artifact.7 Ventriculomegaly may 
antedate macrocrania, and nomograms comparing the lateral 
ventricle to hemisphere ratio are used in addition to ven-
tricular measurements and looking for choroid-ventricle wall 
separation.

Rates of HC vary with rates of specific causes, for exam-
ple prenatal and perinatal risk factors, neural tube defect–  
associated Chiari II, or perivascular granulomas due to toxo-
plasmosis. Hagberg et  al. showed that patients with prenatal 
and perinatal onset of HC had increased rates of unfavor-
able prenatal and perinatal risk factors respectively.8 Rates for 

isolated congenital HC range from 0.5 to 0.8 per 1,000 births; 
mild prenatal ventriculomegaly is noted in about 1.48 per 
1,000 births, and unilateral prenatal ventriculomegaly in about 
one per 1,400, of which in two-thirds it is an isolated finding. 
The sex ratio approaches 1:1 excluding X-linked conditions 
with the expected male excess and an excess of females with 
Chiari II due to neurulation defects.

Treatment: To date, in utero shunting for hydrocephalus has 
been shown to possibly increase survival but has not shown 
evidence of improved outcome. In the traditional neurosurgi-
cal treatments with ventriculoperitoneal and cystoperitoneal 
shunts, complications have been reduced by new materials 
and mechanical refinements; however, a long list of complica-
tions may still occur, and shunt revisions are still common.9,10 
Fiberoptic endoscopy placement of aqueductal stents or for 
third ventriculostomy may be the treatment of choice for care-
fully selected patients such as those with aqueductal stenosis, 
posterior fossa and tectal tumors, and slit ventricle syndrome, 
especially if not previously shunted.

Prognosis: Prognosis is dependent upon the presence or 
absence of associated CNS and/or extracranial anomalies 
and the age at diagnosis. It is perhaps most challenging to 
assess prognosis in fetal ventriculomegaly (FV). The mean 
values from studies measuring normal fetal ventricular size 
is 5.6–7.4mm, males 0.1 to 0.6 larger, with little change from 
15 to 35 weeks gestation. 10mm is ≥2.5 to 4 SD above the 
mean and is accepted as the upper limit of normal, with 
mild FV defined as 10–≤15mm. While mild FV has been 

Fig. 9.8.2 Left: Medial view of the right cerebral hemisphere with dilation of the lateral ventricle (LV) due to aqueductal stenosis (M, midbrain). Right: Coronal 
section from the cerebral hemispheres from a 5-month-old infant with marked dilation of the cerebral ventricles (V) and atrophy of the cerebral cortex. (Courtesy of 
Dr. Will Blackburn and Nelson Reede Cooley, Jr.)
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considered more benign than FV of >15mm, the rate of asso-
ciated malformations does not differ significantly between 
the groups (~40  percent); about 9  percent of fetuses with 
mild FV have a chromosome anomaly.11 There is some evi-
dence that minimal FV of <12mm is less likely to have asso-
ciated malformations.12

It is important to remember that several important CNS 
anomalies are not detectable prior to 20 weeks gestation. Fetal 
MRI may add useful information. If neural tube defects and 
chromosome anomalies are excluded, there is a favorable 
outcome in some 80–90 percent of cases, and delay tends to 
be mild in sonographically isolated FV. A cautionary note is 
necessary, as longer term follow-up suggests there may be a 
significant rate of developmental concerns.13 Patients treated 
for isolated aqueductal stenosis seem to have a better prog-
nosis. Trying to predict outcome is complicated by the vari-
ability of patient selection criteria, length of follow-up, and 
methodologies used.
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9.9 COlPOCePHalY

Definition: Enlargement of the occipital horns of the ventricles with frontal horns of normal size.

ICD9/ICD10: 742.4/Q04.8

Birth prevalence: unknown

Associated anomalies: absent corpus callosum, 
lissencephaly, hydrocephalus, clinical signs associated with 
syndromes with above CNS anomalies

Laboratory studies: as guided by additional findings

Prenatal diagnosis: ultrasonography, may be confused 
with hydrocephalus

Cause: chromosomal, Mendelian, environmental

Syndrome Associations (Appendix)
Chudley-McCullough (GPSM2)
Femoral deficiency-facial
Peroxisomal disorders (PEX genes)
Zimmermann-Laband
Maternal diabetes

Colpocephaly is a sign of underdevelopment of the white mat-
ter of the posterior fossa. There are no specific external markers 
of its presence, and diagnosis is usually through neuroimag-
ing carried out for indications such as developmental delay, 
seizures, or other neurological problems (Fig. 9.9.1).1 Cases 
ascertained prenatally are often confused with hydrocephalus, 
and fetal MRI may add useful detail. The specific presentation 
is often dependent upon the underlying pathology and pres-
ence or absence of additional brain anomalies. It is important 
to distinguish colpocephaly from hydrocephalus ex vacuo. The 
latter is often associated with a poor prior medical history, 

spasticity, and a spectrum of intellectual disability (ID), while 
patients with colpocephaly are often hypotonic, normoreflexic, 
and have moderate to severe ID. There are patients reported 
with mild ID and with normal intelligence. Common neu-
rological signs include poor visual fixation, nystagmus, and 
optic atrophy. Those with normal visual acuity may show 
altered functional MRI findings in the visual and occipital cor-
tex.2 Colpocephaly has been ascertained in otherwise normal 
adults.3

Partial or complete absent corpus callosum (ACC) is the 
most common malformation accompanying colpocephaly, 
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and their co-occurrence in the absence of additional anom-
alies suggests a primary failure of neuronal development. 
A high rate of colpocephaly has been noted in patients with 
ACC; hydrocephalus, porencephaly, and lissencephaly are 
other not uncommon associated anomalies.4 Colpocephaly has 
been mentioned in association with a large number of condi-
tions and syndromes, but as its presence reflects an underlying 
maldevelopment of brain, it is more meaningful to recog-
nize the primary malformation rather than the colpocephaly 
as the defining feature of the syndrome. For this reason, few 
syndromes are included in the Syndrome Associations for 
this entry.

There do not appear to be meaningful data on the epide-
miology of colpocephaly, at least partly because it is a finding 
associated with other significant brain anomalies and thus has 
not been subject to specific study. It is likely often not reported 
when seen under such circumstances. The sex ratio will vary 
with that of the underlying specific anomalies and/or syn-
dromes. Colpocephaly has been reported in a set of concor-
dant monozygotic twins with above average intelligence and 
short tonic seizures, and in a set of concordant dizygotic twins 
conceived with IVF.5 However, it has not been reported as 
more common in twins. Greater involvement of one side may 
be observed but likely is random.

Treatment: Treatment is generally as appropriate for the 
associated signs and symptoms. While many cases are associ-
ated with microcephaly, ventricular shunting may be indicated 
in some patients with macrocephaly.6

Prognosis: Clearly the prognosis depends upon the nature 
of associated maldevelopment of the brain and other organs. 
Thus there is a broad spectrum in age at diagnosis, survival, 
and quality of life. Intellectual abilities range from nor-
mal to severely impaired; seizures may be absent or range 
from mild and easily managed to severe and uncontrolled. 
Careful neuroimaging may provide some early anticipatory 
guidance.
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Fig. 9.9.1 Axial CT scan at 1 week of age showing narrow anterior ventricle 
and dilated occipital horns characteristic of colpocephaly. (Courtesy of the 
Department of Radiology, Children’s Hospital of Eastern Ontario.)
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9.10 HYDranenCePHalY

Definition: An encephaloclastic abnormality in which the cerebral hemispheres are virtually absent and are 
replaced by fluid-filled sacs lined by leptomeninges that are found within a normal brain compartment and skull.

ICD/ICD10: 742.3/Q04.3

Birth prevalence: 1/4,000–1/10,000

Associated anomalies: not common, ocular likely most 
frequent

Laboratory studies: imaging, microarray

Prenatal diagnosis: ultrasonography, MRI

Cause: sporadic, Mendelian (AR, XL), chromosomal, 
prenatal infection, encephaloclastic: carotid or distal 
branch compromise

Syndrome Associations (Appendix)
Cerebro-oculo-genital
Hydranencephaly-renal a/dysplasia
Proliferative vasculopathy-hydranencephaly (FLVCR2)
X-linked intellectual disability-abnormal genitalia 
(ARX)

Common presenting signs include macrocephaly that may be 
progressive, skull transillumination, seizures, hyperreflexia, 
and irritability (Fig. 9.10.1). Profound developmental delay 
is the rule, although preservation of the hypothalamic region 
may allow relatively normal behavior for the first few months. 
Increased bilateral synchrony and symmetrical synchronized 
contraction of two or four limbs, and reduced brief isolated 
limb movements, have been observed during sleep.1 Unilateral 
hydranencephaly with the typical neuroimaging, clinical, and 
neurological findings confined to the one side is much less fre-
quent (Fig. 9.10.2). While hydranencephaly has been reported 
in a number of syndromal associations, the hydranencephaly 
in such cases often shows variation from the typical findings. 
Ophthalmologic anomalies are common and include microph-
thalmia, nystagmus, choreoretinitis, hypoplastic retinal vessels 
and optic nerve, and incomplete cleavage of the anterior cham-
ber.2 It is important to distinguish maximal hydrocephalus, 
which can also show skull transillumination but that requires 
shunting and carries a superior prognosis. Differences include 
absence of light shining out the pupil with transillumination, 
maximal preservation of frontal cortex, normal (attenuated) 
cerebral vasculature, and the results of electrophysiological 
studies.3

Cortical remnants are usually limited to the temporal lobe 
and tentorial areas of the occipital lobe; the falx is normal to 
variably absent, while the cerebellum, brainstem, thalamus 
and corpus striatum are typically normal. A  vascular patho-
genesis is considered the primary cause.

Hydranencephaly is typically an isolated malformation. It 
is an occasional finding in a small number of well defined syn-
dromes and has been reported in a handful of less defined syn-
dromes.4 However, as already discussed, the neuropathology 
in the syndromal cases tends to vary in detail from the isolated 
form and suggests a differing pathogenesis.

Hydranencephaly is a rare anomaly with estimates of 
birth prevalence of 1–2.5 per 10,000. There do not appear to 
be country- or sex-specific incidence data. Its occurrence in 

surviving monozygotic twins has been used to support a vas-
cular pathogenesis, either on the basis of fetus-to-fetus transfer 
of thromboplastins from the surviving to the dead twin or due 
to an episode of hypoperfusion/hypoxia due to hemorrhage.5 

Fig. 9.10.1 Transillumination of an infant with hydranencephaly.
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Fig. 9.10.2 Superior and lateral views of an infant brain with hemihydranencephaly. Histology showed a thin layer of glial tissue lining the inner surface of the 
hydranencephalic membrane (arrows). A, anterior; P, posterior; LC, left cerebral hemisphere; E, right ear. (Courtesy of Dr. Will Blackburn and Nelson Reede 
Cooley.)

There has been increased interest in the veterinary field, with 
Schmallenberg virus that causes hydranencephaly as one of its 
pathologic effects on fetal ruminants.6

Treatment: The prognosis in hydranencephaly does not 
warrant active intervention. In the minority that show pro-
longed survival, the occurrence of increasing macrocephaly 
may require shunting to facilitate ongoing care and minimize 
discomfort. Shunt failure with the need for revision is com-
mon. It is possible that choroid plexectomy/coagulation may 
reduce the need for revision.7 Hydrocephalus that threatens to 
compromise the unaffected side in unilateral hydranencephaly 
requires shunting.

Prognosis: Mortality is high, with about half of infants dying 
within a month and less than 15 percent surviving to a year 
of age. Longer term survivors may suffer increasing macro-
cephaly due to raised intracranial pressure, which may require 
treatment. Notwithstanding possible relatively normal early 
behavior, the prognosis for bilateral hydranencephaly is uni-
versally poor, with profound developmental delay, seizures, 
cortical blindness, deafness, spastic tetraplegia, and dysphagia.8 
Autonomic and hypothalamic dysfunction, chronic hyper-
natremia, and an abnormal circadian rhythm have also been 
observed.9,10 Patients with unilateral (hemi) hydranencephaly 

present with contralateral hemiparesis, the face may be mildly 
affected, and the majority show mild to moderate developmen-
tal delay. There may be evidence of neuronal plasticity with 
respect to speech and vision.
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9.11 POrenCePHalY

Definition: A cleft or cavity in the cerebral cortex.

ICD9/ICD10: 348.0, 742.4/G93.0, Q04

Birth prevalence: encephaloclastic–1/30,000, 
developmental–1/70,000

Associated anomalies: intracranial anomalies, other 
encephaloclastic anomalies

Laboratory studies: encephaloclastic—neuroimaging, 
EEG, thrombophilia testing, platelet count, consider 
COL4A1/2 testing

Prenatal diagnosis: ultrasonography, MRI

Cause: uncommonly Mendelian, environmental

Syndrome Associations (Appendix)
Encephaloclastic Porencephaly
Cerebro-oculo-skeletal-renal
Orofaciodigital Type I (OFD1)
Schizencephaly
Septo-optic dysplasia (EMX2)

There are two major subtypes of porencephaly—ence phalo -  
clastic, presumed secondary to a destructive process and itself 
subdivided into prenatal, perinatal, and postnatal; and devel-
opmental (DP), which is split into schizencephaly (open and 
closed lip forms) and simple porencephaly (SP). It is important 
to consider that the classification as to encephaloclastic ver-
sus developmental may often be more a matter of timing of 
the causal event rather than its nature. Both encephaloclastic 
porencephaly and schizencephaly have been associated with in 
utero exposure to warfarin or vasoactive drugs (cocaine), cyto-
megalovirus infection, alloimmune thrombocytopenia, and 
inherited thrombophilia, and it appears that bleeding prior to 

20 weeks may lead to schizencephaly, while after 26 weeks will 
result in an encephaloclastic lesion.1,2

E N C E P H A L O C L A S T I C  P O R E N C E P H A LY

Encephaloclastic porencephaly may be noted first on prenatal 
sonography, and, in some cases, prior ultrasounds may have 
shown a normal brain or evidence of a hyperechoic area char-
acteristic of intracranial hemorrhage. Such hyperechoic areas 
will develop an anechoic center with echoic borders, later 
becoming anechoic and characteristic of cerebrospinal fluid. 
Fetal MRI can confirm whether the mature cavity is lined by 

A

B

Fig. 9.11.1 A: Axial CT scan showing bilateral schizencephaly with the margins of the cleft closely apposed on the right. (Courtesy of the Department of Radiology, 
Children’s Hospital of Eastern Ontario, Ottawa.) B: Axial CT scan showing bilateral schizencephaly and wide separation of the cleft margins. (Courtesy of 
Dr. C. Greenberg, Winnipeg, Canada.)



358 |  H U m a n  m a l f O r m aT i O n s  a n D  r e l aT e D  a n O m a l i e s

gliosis and not gray matter, as would be expected in DP. In the 
absence of prenatal serendipity, postnatal diagnosis is depen-
dent upon clinical complications. Asymptomatic patients may 
be overlooked; others are usually ascertained through evalu-
ation of motor and/or psychosocial delay, specific neurologi-
cal deficits, or seizures, and thus the age at diagnosis will vary. 
MRI is the preferred neuroimaging approach in terms of the 
detail of brain morphology provided and the lack of radiation 
exposure.

A birth defect surveillance study of anomalies with a pre-
sumed vascular cause found that only 11 of 72 (8  percent) 
porencephaly cases were isolated malformations, and one 
would expect that many of the associated malformations 
would reflect a vascular basis.3 While porencephaly has been 
reported in a number of syndromes, the majority of those con-
ditions either lack an etiologic basis and relate to one or two 
patients, or the porencephaly is a rare, possibly chance, find-
ing in better established syndromes.4 An autosomal dominant 
nonsyndromal porencephaly has been seen with mutations in 
COL4A1 and COL4A2.5

There are few data on the incidence of encephaloclastic 
porencephaly. In a study that examined the rates of presumed 
vascular anomalies among 2,042,554 births, there were 72 
cases of porencephaly (1/28,369 births).3 A rate of 0.3 percent 
was observed in pediatric autopsies of patients with known 
central nervous system anomalies. Congenital porencephaly 
appears particularly uncommon, with more cases attributed to 
complications of premature birth or postnatal trauma. Rates 
should vary with the prevalence of prenatal risk factors, which 
would include thrombophilia, in utero viral infection, and pre-
natal drug exposures including cocaine, misoprostol, antico-
agulants, and vitamin A.6,7

Treatment: Evidence of developmental delay requires appro-
priate assessment and tailored interventions to assist develop-
ment of the individual’s full potential. Seizures are a potentially 
serious complication and may not respond to medication. 
Surgery has proven helpful in a significant proportion of cases 
and has included “decapping” of large cysts and fenestration of 
smaller lesions into the lateral ventricle.8 It appears that tem-
poral lobe sclerosis is a relatively common accompaniment to 
porencephaly and may be the focus of seizures, which in a num-
ber of cases have responded to surgical removal of the focus.

Prognosis: The prognosis of EP is highly variable and ranges 
from asymptomatic to significant motor and/or developmen-
tal delay and/or seizures that may be responsive or resistant 
to intervention. The clinical severity appears dependent upon 
the timing, location, and extent of the porencephaly and any 
associated brain anomalies.

D E V E L O P M E N TA L  P O R E N C E P H A LY

Schizencephaly refers to clefts that can be unilateral or bilateral, 
usually are in the area of primary fissures, and are characterized 
by the diagnostic findings of infolding of the cortex and conti-
nuity of a pia-ependymal seam. In the case of unilateral lesions 
the contralateral side often has heterotopias or gyral anomalies. 

The sides of the cleft may be apposed (closed lip), cases of which 
usually lack hydrocephalus and present with hemiparesis and 
motor delay, as compared to open lip, where the sides are sepa-
rated, and hydrocephalus and seizures are usual signs (Fig. 
9.11.1).9 Other common presenting signs include developmen-
tal delay, asymmetry of muscle tone, hemiparesis, or quadripa-
resis. Bilateral involvement and microcephaly suggest a poorer 
developmental prognosis. Prenatal ultrasound findings may 
be interpreted as hydrocephalus and require MRI for precise 
diagnosis. Choroid plexus may extend into larger clefts, and 
the septum pellucidum is absent in clefts of the frontal lobes.10

Bilateral involvement is most frequent, particularly 
in familial cases, and the severity can be asymmetric. 
Additional intracranial malformations are common with 
schizencephaly and include heterotopias, microgyria, 
absent corpus callosum, and arachnoid cysts. The most fre-
quent association is with septo-optic dysplasia, which, like 
schizencephaly, is sometimes related to mutations in EMX2. 
It appears that EXM2 accounts for schizencephaly much less 
frequently than was initially thought. Schizencephaly may 
also be seen in association with holoprosencephaly and can 
be associated with mutations in SHH or SIX3 even in the 
absence of holoprosencephaly.11 Curry et al. noted extracra-
nial anomalies in about one-third of cases and considered 
the majority of those to have a vascular basis.12 It has been 
reported as a rare, possibly chance, anomaly in a few well 
defined syndromes, but most reports of syndromal schizen-
cephaly have involved a single family or unrelated patients 
and are of unknown cause.4

Schizencephaly is extremely rare, with an estimated inci-
dence of about 1.5 in 100,000 live births.12,13 It does not appear 
to favor one sex or the right or left; one study has suggested an 
increased relative risk in monozygotic twins and offspring of 
younger parents.12

Treatment: There is no treatment for the underlying mal-
formation, and thus intervention primarily involves ongoing 
neuropsychological assessment with provision of appropri-
ate support and resources, along with treatment of seizures as 
required. Some patients with an identified seizure focus may 
benefit from surgery.

Prognosis: As a general anticipatory guide, patients with 
unilateral involvement will do better than those with bilateral 
schizencephaly, and open lip lesions have more impact than 
closed.14 Development can range from little impact to severe 
intellectual disability, from mild asymmetry of motor tone to 
hemiparesis and even tetraparesis. Seizures are common but 
usually respond to intervention.

S I M P L E  P O R E N C E P H A LY

This developmental porencephaly is a unilateral or bilateral 
diverticulum(a) of the lateral ventricle(s) that is lined by epen-
dyma. It may be etiologically related to schizencephaly, and 
again the separation from encephaloclastic lesions may be 
more a matter of embryological timing. Most patients pres-
ent early for evaluation of developmental and/or growth delay, 
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increased or decreased tone, and seizures that are often infan-
tile spasms and are diagnosed within the first year by neu-
roimaging. Unilateral SP may be suggested by unexplained 
(contralateral) hemiparesis and/or a (ipsilateral) cranial bulge. 
Usually more than one lobe is involved.

Associated malformations are primarily intracranial and 
include absent corpus callosum or septum pellucidum, het-
erotopias, and microgyria. Autosomal dominant inheritance 
with variable penetrance and expression has been observed. 
Co-occurrence of encephaloclastic and porencephalic forms 
in a single family support the view that the difference may 
simply reflect embryological timing, and inherited thrombo-
philias should be considered.2,15 Extracranial anomalies do 
not appear increased in frequency, and SP is not typically syn-
drome associated.4

There does not appear to be an accurate estimate of the 
birth prevalence of simple porencephaly. There is evidence 
of an association with adoption/fostering and unwed moth-
ers, but the possible etiologic mechanism of that association 
is unknown.16

Treatment: Normal pressure hydrocephalus may result in 
expansion of the cyst in unilateral cases causing further com-
pression of the, often already compressed, cerebral mantle, a 
midline shift, and worsening of symptoms. In some instances 
shunting will result in collapse of the cyst, return of the mid-
line, an increased thickness of the contiguous cortex and clini-
cal improvement.17

Prognosis: Although the neurologic spectrum in SP is vari-
able and some patients may be mildly affected, the general 
prognosis is poor, and most patients present early with neuro-
logical abnormalities. There is a positive correlation between 
the level of impairment and the size and location of the cyst, 
and the presence or absence of associated brain malformations.
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9.12 CereBellar aBnOrmaliTies

Definition: The scope of cerebellar abnormalities is complex and broad, including agenesis/hypoplasia of all or 
individual parts, focal or diffuse dysplasias, disruptions, and atrophy. These changes may or may not be associated with 
local or more general cerebral anomalies. Numerous classifications have been proposed, and as more recent efforts have 
moved toward incorporating the underlying embryologic and molecular aspects they have become more complex.

ICD9/ICD10: 742.2/Q04.3

Birth prevalence: uncertain

Associated anomalies: hypoplasia of linked brain nuclei, 
many syndromal, many isolated

Laboratory studies: imaging, genomic microarray, 
gene sequencing, metabolic testing for disorders of 
glycosylation and other inborn errors

Prenatal diagnosis: ultrasonography, MRI to detect 
posterior fossa anomaly, rarely specific unless family 
history leads to gene testing

Cause: many unknown, chromosomal, Mendelian (AR, 
AD, XL), environmental

Syndrome Associations (Appendix)
Molar Tooth Sign
Joubert (INPP5E, TMEM216, AHI1, NPHP1, 
CEP290, TMEM67, RPGRIP1L, ARL13B, CC2D2A, 
CXORF5, TTC21B, KIF7, TCTN1, TMEM237, CEP41, 
TMEM138, C5ORF42, TCTN3, ZNF423, TMEM231, 
CSPP1, PDE6D)
Hypoplasia I
Trisomies 13, 18
Hypoplasia II
Granular cell aplasia
Congenital disorders of glycosylation
Other inborn errors
Hypertrophy
L’Hermitte-Duclos

Specific cerebellar syndromes may be distinguished by their 
associated findings, a few (e.g. Joubert spectrum) by clinical 
presentation, but in general the early presentation is nonspe-
cific across a broad spectrum of cerebellar anomalies.1,2 The 
malformation may vary within a sibship, even to the point of 
some cases not being apparent with neuroimaging. Clinical 
presentation will vary with severity of both the cerebellar and 
any additional brain involvement, but common early signs 
are hypotonia (including facial hypotonia with drooling) and 
delayed motor milestones with extended cruising and late 
walking.3 Ocular signs are common and include strabismus 
and refractive errors.3 Ataxia and a broad-based gait are typi-
cal, speech is frequently delayed, and dysarthria is common. 
Intellectual delay is variable but is generally present, even in 
the absence of any apparent supratentorial changes. Seizures 
are a negative correlate with IQ. Specific aspects of behavior 
and of language may be dependent upon cerebellar function.4 
Prenatal and postnatal detection of cerebellar anomalies is 
dependent upon the quality of neuroimaging.5

T E C T O C E R E B E L L A R  D Y S R A P H I A

A primary occipital encephalocele is believed to result in her-
niation of the mesencephalon into the encephalocele, with 
resultant dorsal tectal deformation, kinking of the brain-
stem, and positioning of the cerebellum (which has a hypo/
aplastic vermis) ventrolateral to the brainstem and within the 
encephalocele. Associated anomalies include both intracranial 
(mostly midline related) and extracranial.6 Surviving children 
may require a shunt and are often microcephalic and variably 
developmentally delayed.

R H O M B E N C E P H A L O S Y N A P S I S

This is a previously underascertained malformation showing 
absence or extreme hypoplasia of the vermis and continuity 
of the hemispheres across the midline. Concurrent anomalies 
include underdeveloped cerebellar peduncles and quadri-
geminal plate, a “keyhole” appearance to the fourth ventricle, 
absent roof nuclei, fused or apposed dentate nuclei, and a small 
posterior fossa. Typical presentation includes hypotonia and 
delayed milestones; intellect can vary from normal to severely 
impaired, and this in part may reflect concurrent supratento-
rial abnormalities. Optokinetic nystagmus, drop attacks, and 
side-to-side head nodding also occur.7 Cases of rhombenceph-
alosynapsis (RES) associated with partial parietal-occipital 
alopecia and trigeminal nerve anesthesia were grouped as 
Gómez-López-Hernández syndrome, but a recent review of 53 
cases of RES has suggested an underlying spectrum of associ-
ated abnormalities that include alopecia, VACTERL anomalies, 
aventricular holoprosencephaly, and trigeminal anesthesia.8 
A genetic contribution is suggested by a recurrence in a subse-
quent pregnancy and several patients with (variable) chromo-
some differences. The sex ratio does not appear to differ from 
expected.8

M O L A R  T O O T H   S I G N

This term describes the radiographic appearance of the axial 
view through the isthmus that is due to marked hypoplasia of 
the cerebellar vermis, which causes a midline cleft between the 
hemispheres, and failed decussation of the peduncular fiber 
tracts that causes their enlargement, a more horizontal course, 
and a resultant narrowing of the anteroposterior midbrain 
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Fig. 9.12.1 Axial view at isthmus showing molar tooth sign (arrow).

diameter and a deeper than normal interpeduncular cistern 
(Fig. 9.12.1). The fourth ventricle is enlarged and has a “bat 
wing” appearance on transverse view. Heterotopic tissue has 
been noted in some cases.9 Molar tooth sign (MTS) is the hall-
mark of Joubert syndrome in all its varied syndromal permuta-
tions. MTS is a variable finding in a number of well-established 
syndromes, thus at times blurring the boundaries of syndrome 
nomenclature. Associated malformations can include retinal 
dystrophy and colobomas, renal disease, occipital encephalo-
cele (Meckel-Gruber syndrome), hepatic fibrosis, polydactyly, 
oral hamartomas, and endocrine abnormalities; to date, muta-
tions in some 20 genes account for about half of all cases.10 
Infants typically are hypotonic and may show characteristic 
episodic tachypnea/apnea and/or have ocular apraxia or other 
anomalies of visual pursuit. While initial developmental delay 
is common, the ultimate prognosis varies from the normal 
range to serious impairment. Clinical health is largely depen-
dent upon the presence of concurrent anomalies. MTS, pre-
dated by a prominent cisterna magna and later confirmed by 
fetal MRI, has been diagnosed as early as 21 weeks gestation on 
prenatal ultrasound.11

I S O L AT E D  V E R M I S  A P L A S I A /
H Y P O P L A S I A / D Y S P L A S I A

In vermis aplasia there is either complete lack of vermis tissue 
or a membranous remnant. The hemispheres may be normal 
or show variable anomalies. Absent dentate olives are the rule, 
variable other olivary and related anomalies are common,12 
and there may be concurrent dysplasia of the cerebellar hemi-
spheres. Several findings allow distinction from Dandy-Walker 
malformation; the latter may have a better prognosis.13 Partial 
agenesis (hypoplasia) usually involves the caudal vermis. 

Vermis aplasia/hypoplasia has been reported as an essen-
tially isolated finding in families showing different patterns 
of inheritance,14-16 and vermis aplasia/hypoplasia may well be 
the actual cerebellar malformation in some of the syndromes 
reported where the cerebellar anomaly is not fully defined.17 
In the absence of supratentorial involvement, the presentation 
is often with hypotonia and delayed motor milestones; typical 
cerebellar signs, sometimes less apparent with age, are common 
and may include oculomotor apraxia. Intellectual impairment 
is often mild. There is also interest in the possible association 
of reduced size of specific vermian lobules with behaviors such 
as autism and that of specific syndromes.18-20

C O M P L E T E  C E R E B E L L A R  A G E N E S I S

This exceedingly rare malformation is accompanied by sig-
nificant developmental delays, with walking between four to 
seven years, a clumsy gait, and severely delayed and dysarthric 
speech. The posterior fossa is small, and the cerebellar pedun-
cles, olivary nuclei, and pons are hypoplastic.21 A  fetus with 
later confirmed complete cerebellar agenesis was diagnosed at 
23 weeks gestation in a consanguineous couple.22 Patients with 
more normal development are considered to have a cerebel-
lar remnant, and some may represent acquired lesions (vide 
infra). A syndrome of cerebellar and pancreatic agenesis due 
to mutations in PTF1A has been reported.23

U N I L AT E R A L  C E R E B E L L A R  H E M I S P H E R E 
A G E N E S I S / H Y P O P L A S I A

Cerebellar hemisphere agenesis/hypoplasia (CHA) includes a 
spectrum from absent, a remnant, to simply small. The ipsilat-
eral vermis may be involved, and the contralateral inferior oli-
vary and pontine nuclei show secondary change. In the absence 
of additional CNS malformations or potentially pathogenic 
details in the medical history, it appears that most patients 
show mild cerebellar signs or are asymptomatic.24 There is evi-
dence that CHA is an acquired lesion, with many cases having 
a history of pre/perinatal hypoxia or cerebellar stroke. Robins 
et al.25 reported a case where obstetric ultrasound at 24 weeks 
showed right cerebellar mass, which by 29 weeks appeared cys-
tic, and at birth the infant had MRI-documented CHA. This 
author has recently seen a similar case.

C E R E B E L L A R  H Y P E RT R O P H Y

This cerebellar variant is uncommon and appears largely associ-
ated with specific syndromes that include the PTEN-associated 
L’Hemitte-Duclos hamartoma, van den Ende-Gupte, Williams, 
and Fragile X (limited to patients exhibiting autistic signs, and 
to lobules VI–VII), and it can be seen in hemimegalencephaly.26

C E R E B E L L A R  H Y P O P L A S I A / A P L A S I A /
D Y S P L A S I A

Two types of cerebellar hypoplasia/aplasia/dysplasia are recog-
nized.27 Failed cell migration and differentiation (Type I) usually 
result in normal folia, a three-layered cortex, and heterotopias, 
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and is seen in Trisomies 13 and 18. Reduced cell proliferation 
(Type II), which may be difficult to distinguish from cell loss, 
is characterized by prominent fissures. The prototypic example 
is granular cell aplasia, an autosomal recessive, nonprogressive 
ataxia that exhibits generalized cerebellar hypoplasia, dimin-
ished to absent granular cells, a normal appearing Purkinje 
layer with reduced cell numbers, heterotopia, and dendritic 
anomalies. This condition is clearly heterogeneous in terms of 
the extent and specific type of neurohistological abnormalities, 
the severity of clinical involvement, and the pattern of inheri-
tance. It has been reported in several inborn errors of metabo-
lism, where there has been debate as to whether the findings 
are a result of atrophy or hypoplasia;27,28 indeed, a combined 
pathogenesis is possible.

P O N T I N E  A G E N E S I S

Pontine agenesis is rare and typified by lethal respiratory 
abnormality, hypertonia, and absent oculocephalic, corneal, 
gag, and sucking reflexes.27

The true prevalence of the various forms of cerebellar 
hypo/aplasia is not known, but clearly advances in neuroim-
aging have increased awareness and detection. Estimates are 
further complicated by the occurrence of sib pairs with similar 
neurological signs but where only one has a cerebellar anomaly 
detectable on imaging. Using the data of Patel and Barkovich 
and making assumptions regarding ascertainment, rates can 
be estimated for Joubert syndrome at 0.13/1000, rhomben-
cephalosynapsis at 0.08/1000, and cerebellar hypoplasia at 
0.06/1000.29 There does not appear to be significant variation 
in sex ratio or in sidedness in the case of unilateral involve-
ment. Cerebellar anomalies have been described in many syn-
dromes, but unfortunately in many the specific anomalies are 
incompletely described.17

Treatment: Treatment is supportive and generally directed 
at ameliorating motor development and facilitating educa-
tion. Identification of specific syndromes is key to anticipat-
ing potential complications and in order to provide accurate 
genetic information to families.

Prognosis: Prognosis varies from asymptomatic to severe delay 
with early death, but the majority of affected individuals fall in the 
range of mild developmental delay to normal development with 
specific learning problems. Early hypotonia and motor delays are 
the norm, with later appearance of ataxia and fine motor issues. 
Patients with isolated absence of the anterior vermis lobule may 
have a mild course, whereas granular cell aplasia or associated 
supratentorial anomalies suggest a poorer outcome.30
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9.13 CYsTiC malfOrmaTiOns

(Dandy-Walker malformation, other Fourth Ventricular Roof Malformations)

Definition: Dandy-Walker malformation consists of absence/hypoplasia and upward rotation of the vermis; enlarged 
posterior fossa with upward displacement of the falx, lateral sinuses, and torcular; and a dilated fourth ventricle in 
communication with a thin-walled retrocerebellar cyst formed of the roof of the fourth ventricle. Cases with milder expression 
of the components are reported but should be distinguished from isolated vermis hypoplasia. This author does not concur 
with use of the term Dandy-Walker-variant for isolated atresia of the cerebellar foramina, cysts not connecting with the 
fourth ventricle, or mega cisterna magna. Mega cisterna magna is an evagination of the tela choroidae, which is in contact 
with the fourth ventricle through normal foramina. The cerebellum is normal. A Blake’s pouch cyst leads to tetraventricular 
hydrocephalus and represents secondary evagination of the tela choroidae into the cisterna magna due to inadequate foramina 
development.

ICD9/ICD10: 724.3/Q03.1

Birth prevalence: 1/3,500-1/5,000

Associated anomalies: other CNS, cardiac, digital

Laboratory studies: neuroimaging, genomic microarray, 
viral studies

Prenatal diagnosis: possible with ultrasonography 
and MRI

Cause: chromosomal, Mendelian, prenatal 
cytomegalovirus infection

Syndrome Associations (Appendix)
Dandy-Walker Malformation
Aicardi
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Meckel-Gruber (MKS1)
Mohr OFD II
Hypothalamic hamartoma-gelastic epilepsy-precocious 
puberty
Walker-Warburg (POMT1)
XLID-hydrocephaly-basal ganglia calcification (AP1S2)
Arachnoid Cysts
Aicardi
Distichiasis-lymphedema (FOXC2)
Majewski short-rib polydactyly (NEK1, DYNC2H1)
Glutaric aciduria 1 (GCDH)

Most patients with Dandy-Walker malformation (DW) pres-
ent in infancy with macrocrania and signs of increased intra-
cranial pressure, but cases are diagnosed in adults (Fig. 9.13.1). 
Postnatal onset hydrocephalus, perhaps due to loss of a prenatal 
cyst-to-subarachnoid connection, is common, although it has 
been suggested that the recorded frequency may be elevated 
by ascertainment bias.1 Presenting symptoms include increas-
ing macrocrania (some due to prominent occiput), poor visual 
pursuit, diplopia, headache, emesis, lethargy, and seizures.2 
Signs on examination, in descending frequency, can include 
ocular (gaze palsies, nystagmus, strabismus), spasticity, devel-
opmental delay, ataxia, gait anomalies, cranial nerve palsy, and 
quadriparesis.2 True cerebellar and cranial nerve involvement 
is not common but is more common if elevated intracranial 
hypertension persists.3 Mega cisterna magna (MGM) is con-
sidered here to be asymptomatic, and neurologic signs should 
raise the possibility of associated pathology. A Blake’s pouch 
cyst (BPC) usually presents at a young age with increased 
intracranial pressure and tetraventricular hydrocephalus. 
It appears that presentation may be delayed if there is initial 
adequate drainage through the foramen of Luschka. The dis-
tinction between different posterior fossa anomalies remains 
a challenge and requires high-quality neuroimaging including 

good sagittal and axial views, full assessment of the presence/
size and orientation of the cerebellar components, and a search 
for additional CNS anomalies.4

Ascertainment bias may lead to an overestimate of the rate 
of associated CNS anomalies. These may be more common in 
patients whose vermis is abnormal/hypoplastic with reduced 
numbers of fissures than in those where the vermis is simply 
hypoplastic.5 Extracranial anomalies include facial hemangio-
mas and defects of the cardiovascular system and the digits. 
DW has been reported in many syndromes; some may rep-
resent chance concurrence, and some may include cerebellar 
anomalies sometimes confused with DW.6

Based on the rate of DW in hydrocephalus and the inci-
dence of the latter, and on data from Atlanta, it is likely that 
DW affects between 1/3500 and 1/5000 births.1 There is no 
confirmed difference in sex ratio or propensity in twins, and 
most nonsyndromal cases are sporadic although various pat-
terns of inheritance have been reported.

Treatment: Control of hydrocephalus is the mainstay of treat-
ment, and shunting techniques have included ventriculoperi-
toneal, cystoperitoneal, and simultaneous “Y” shunting of the 
lateral and fourth ventricles (VCPS). There is some evidence 
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to suggest superiority of VCPS, but others have cautioned that 
differing outcomes and complication rates may relate to the 
use of low rather than medium or flow regulated valves.2,7,8 
Third ventriculostomy has also been successful in some cases 
and may be the treatment of choice for Blake’s pouch cyst.8,9

Prognosis: It appears that about a quarter of patients with 
DW die, and a significant proportion of survivors have an IQ 
<80. In a review of published series, Parisi and Dobyns found 
that when they excluded one series with a particularly high 
rate of lower IQs, almost half the IQ values were above 80 and 
also suggested a bimodal distribution.1 There is some con-
vincing evidence that poor survival and developmental out-
come correlate with the presence of known syndromes with 
delay, as well as with the presence of additional supratentorial 
anomalies. The presence or absence of vermis malformation 
may be an important variable in predicting outcome. Shunt 
dependence is to be expected; cerebellar dysfunction is age 
dependent and occurs in more than half of survivors. Sudden 
death is uncommon but reported and has been ascribed to 
tonsillar herniation and to brainstem ischemia.10 The outcome 
of prenatally detected cases appears related to the factors dis-
cussed above, but there may be higher mortality and poorer 
outcomes. By contrast some cases of Blake’s pouch cyst may 
resolve prenatally; the outcome in those persisting and/or pre-
senting postnatally is variable.9

A R A C H N O I D   C Y S T

An arachnoid cyst is a developmental cavity entirely within, 
and resulting from, a split in the arachnoid membrane. The 
cyst is lined by a thick collagen layer, the outer wall is in con-
tact with the dura mater and the inner with the pia mater, and 
the margins are continuous with normal arachnoid mem-
brane. Blood vessels are present, may cross the cyst, and are 

susceptible to hemorrhage. The smooth walls are unlined, and 
the cyst may be septate.

The most common location is the temporal fossa, but any 
part of the arachnoid may be affected (Fig. 9.13.2).6 Clinical 
signs are due to expansion, hemorrhage, or infection, and 
presentation will vary with location of the cyst and age of the 
patient. Signs common to infants and young children include 
macrocephaly, which may involve asymmetric temporal bulg-
ing with middle fossa lesions, evidence of increased intracranial 
pressure, and/or hydrocephalus. In older patients, chronic and 
sometimes positional headache, seizures, and lateralizing signs 
are common. Developmental delay, various ocular, cerebellar, 
and endocrine signs also occur, although direct cause and effect 
may not always be clear.11 A history of recent head trauma may 
be quite common.11 The patient’s age and symptoms at presen-
tation are influenced by location and size of the cyst, with gen-
erally earlier presentation of posterior fossa, suprasellar, and 
supracollicular cysts. Compression of normal adjacent brain 
helps in distinguishing arachnoid cysts from porencephaly 
and subarachnoid cysts. Further complications can include 
proptosis and orbital wall changes from cysts of the anterior 
temporal lobe, expansion along the optic nerve, spontaneous 
or traumatic hemorrhage, behavioral changes, sexual precocity, 
and amenorrhea-galactorrhea.12 Suprasellar cysts can affect the 
pituitary axis, tuber cinereum, and mammillary bodies, and can 
obstruct the foramen of Monro with resultant hydrocephalus.13 
Supracollicular cysts tend to cause early aqueduct compression. 
Arachnoid cysts do not enhance on CT, and on MRI the con-
tents appear the same as CSF and do not enhance with gado-
linium.14 Arachnoid cysts detected on prenatal ultrasound may 
prove challenging to distinguish from other cyst types.15

No specific anomalies are associated with arachnoid cysts. 
While they have been reported in individuals with a variety of 
chromosome anomalies and a number of syndromes of known 
and unknown genesis, it is moot as to whether they are an 

Fig. 9.13.1 Left: Axial CT scan showing absence of the cerebellum and a posterior fossa cyst. Right: Radionuclide scan illustrating connection between the 
ventricular system and posterior fossa cyst.
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expression of the syndrome or chance concurrence of a com-
mon anomaly.6 However, there is support for an association 
with autosomal dominant polycystic kidney disease.16 Familial 
occurrence is reported, but most cases appear to be sporadic.

Increasingly arachnoid cysts are a chance finding on prenatal 
sonography or neuroimaging, and they have been noted in 1/200 
autopsies and in 1.5 percent of MRI studies of German military 
recruits.17 An excess of males has been noted in most series, often 
ascribed to ascertainment because of head trauma (although 
trauma as a cause has been suggested), but this excess appears 
to be explained by more males with left temporal fossa cysts.18 It 
appears that trauma may trigger later onset of symptoms in some 
patients.19 Interhemispheric cysts with later presentation appear 
to be more right-sided and show a female predilection.

Treatment: Symptomatic cysts should be treated, and there 
is some consensus toward treating asymptomatic cases that 
show brain compression, developmental delay, visual signs, or 
a location where further expansion poses significant hazard. 
Intracranial pressure monitoring may aid in selecting patients 
for treatment.20 Among the varied treatment approaches are 
cystoperitoneal and ventriculoperitoneal shunts, cyst marsu-
pialization (alone or with a shunt), and cyst excision.11 Choice 
is guided by suitability to cyst location, the likely need for 
revision, and surgical preference. There is evidence that shunt 
procedures require more frequent revision and may have more 
subsequent problems including shunt dependency and failed 
growth of the posterior fossa leading to Chiari I. Various cysto-
ventricular drainage techniques are gaining support.21,22

Prognosis: Many cysts remain asymptomatic chance find-
ings, and outcome studies are biased towards treated patients. 

Temporal lobe cysts may have a better prognosis; in one 
study 93  percent fully recovered or had minimal deficit and 
with no deaths, as compared to 64  percent and 16  percent 
respectively for lesions in other locations, with the remain-
der showing some postoperative deterioration.23 Outcomes 
are generally favorable and likely improving with advances in 
surgical approach.11,19 Macrocephaly, ocular signs, cranial vault 
thinning, headache, and progressive neurologic/developmen-
tal decline appear to respond well, while the impact of treat-
ment on seizures is less clear. Spontaneous cyst rupture with 
consequent acute or chronic subdural or subarachnoid hem-
orrhage is uncommon. Determining prognosis in prenatally 
detected cysts is complicated by the differential diagnosis and 
the possibility of additional anomalies/syndromes, which may 
be coincidentally associated, but the prognosis for an isolated 
arachnoid cyst is good. A  karyotype or possibly microarray 
should be considered.

G L I O E P E N D Y M A L / E P E N D Y M A L   C Y S T S

Glioependymal/ependymal cysts (GEC/EC) have an internal 
ependymal lining, lack an external epithelium/lining, and are 
usually surrounded by glial tissue. They are usually intracere-
bral and rarely communicate with the ventricular system (Fig. 
9.13.3). They can contain choroid plexus-like tissue, and their 
contents range from CSF-like to highly proteinaceous.

These cysts often remain asymptomatic. The most com-
mon presentation is in adults with signs of increased intra-
cranial pressure. Childhood presentation due to compression 
of the quadrigeminal plate is common to supracollicular loca-
tion of a cyst. The presentation of the less common infraten-
torial examples is as for arachnoid cysts. Expansion of the 
cysts may result in compression of adjacent brain. GEC/EC 
are nonenhancing on CT, usually of CSF density, nonseptate, 
not calcified, and lack pericystic edema. MRI usually dem-
onstrates CSF-like properties, and there is no enhancement 

Fig. 9.13.3 Glioependymal cysts (arrow) located in the cistern ambiens of a 
neonate whose inability to sustain respiration was probably due to multiple 
capillary telangiectasias and venous angiomas in the brain stem, cerebellum, 
thalamus, and hypothalamus. The cyst was presumably an incidental finding. 
(Courtesy of Dr. C Jiminez, Department of Pathology, Children’s Hospital of 
Eastern Ontario, Ottawa.)

Fig. 9.13.2 Axial CT scan showing a temporal arachnoid cyst of moderate 
size in the Sylvian area. Note the angular contour and slight bulging of the 
temporal skull.
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with gadolinium. While GEC/EC may be detected prenatally, 
generally they will be indistinguishable from other cystic 
lesions.24

There does not appear to be any specific syndrome associ-
ated with GEC/EC, and most are isolated findings. A variety of 
associated brain anomalies may occur, and the most common 
appears to be corpus callosum agenesis/dysgenesis.24,25

There are no firm data on the incidence of GEC/EC, but 
they are uncommon and likely account for about one percent 
of intracranial cysts. There do not appear to be significant 
genetic factors involved, and there is no specific sidedness or 
altered sex ratio.

Treatment: Treatment generally involves permanent drain-
age to either the ventricular system or subarachnoid space, 
although occasionally the cyst can be removed intact from sur-
rounding brain tissue.

Prognosis: Prognosis is favorable if treated prior to onset of 
irreversible brain damage.

C H O R O I D  P L E X U S   C Y S T S

Choroid plexus cysts (CPCs) are lined by cuboidal or colum-
nar epithelium, are attached to or contained within the choroid 
plexus, and contain cerebrospinal fluid. There is possibly an 
embryological link with colloid cysts of the third ventricle.26

Unless a CPC causes permanent or periodic obstruction 
of the foramen of Monro, it remains a benign variant of no 
significance. Symptomatic patients can present with seizures, 
focal neurologic signs, or headache, which can be positional. 

The presence of trapped neuroepithelial lined tubules is nor-
mal in the developing choroid plexus late in the first half of 
fetal development.27 Probably some trapped tubules simply 
become dilated enough to be detected as cysts, which increas-
ingly are being noted on routine prenatal ultrasound between 
16–21 weeks gestation (Fig. 9.13.4).

The significance of CPC relates to its increased frequency in 
Trisomy 18. The relative risk is not modified by the size of the 
cyst, but maternal risk factors (mainly age and maternal serum 
screening) and the presence or absence of additional anomalies 
are paramount to maximizing sensitivity and positive predic-
tive value.28 Most centers now use likelihood ratios that allow 
incorporation of risk factor data and the presence of the CPC to 
maximize the information available for patient counseling.29,30

The prevalence of CPC is highly dependent upon sono-
graphic equipment used, selection of patients, gestation, and 
the size used to define presence of a cyst. Rates at 14–24 weeks 
for prospective studies of unselected women are about one 
percent. Detection is rare beyond six postnatal months.

Treatment: Symptomatic cases can be treated by removal of 
all or part of the cyst, and in the absence of permanent damage 
from compression a full recovery is expected.31

Prognosis: CPC is of no consequence in a normal newborn. 
A majority will become undetectable by six months, and nor-
mal development can be anticipated.32
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9.14 CHiari malfOrmaTiOns

(Arnold-Chiari Malformation)

Definition: A spectrum of caudal displacement and herniation of cerebellar structures into the cervical spinal canal.

ICD9/ICD10: 348.4/G93.5 (Type I), 741.00/Q07.01 (Type 
II), 742.00/Q01.9 (Types III, IV)

Syndrome Associations (Appendix)
Chiari I
Beare-Stevenson (FGFR2)
Costello (HRAS)
Craniosynostosis (various)
Craniocervical anomalies
Daetl
Spondyloepiphyseal dysplasia tarda, AD form
Velocardiofacial (del 22q11.2)
Williams (ELN, del 7p)
Chiari II
Meningomyelocele
Chiari III
Craniomicromelic
Meckel-Gruber (MKS1)

Birth prevalence: 1/130-1/180; Type II correlates with 
prevalence of spina bifida; Type III, rare

Associated anomalies: Type I, syringomyelia; Type II, 
spina bifida

Laboratory studies: neuroimaging of brain and upper 
spinal cord; further specific studies as suggested by any 
associated anomalies

Prenatal diagnosis: Type II, ultrasonography detection of 
“banana” sign and associated findings of spina bifida. Type 
III associated encephalocele

Cause: relative small posterior fossa

Four types of Chiari malformations have been described.1 
Type IV, a term that has been used to identify posterior fossa 
anomalies without caudal displacement, is being abandoned.

Chiari I (C-I) is a variable (congenital or acquired) caudal 
displacement of the cerebellar tonsils into the cervical canal. 
The cervicomedullary junction is not kinked. Increased use 
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of MRI has led to greater recognition of C-I in children and 
asymptomatic individuals (Fig. 9.14.1). Clinical presenta-
tion is most often in the third decade with occipital to ver-
tex headache and neck pain. Additional symptoms that often 
lead to misdiagnosis as multiple sclerosis include dizziness, 
visual disturbance, and sensory changes. Diagnosis is typically 
delayed several years. Activities that cause a rapid increase in 
intracranial pressure (such as coughing or a Valsalva maneu-
ver) or an association with dizziness can help distinguish C-I 
headache from other forms.2 Ocular and neurological com-
plaints including retrobulbar pain, photophobia, disequilib-
rium, pressure in the ears, tinnitus, poor hearing and vertigo 
are common.3 Evidence of involvement of cranial nerves 9–12, 
brainstem, and cerebellum are seen in about 50  percent of 
patients, with dysphonia being most common. Syringomyelia 
occurs in up to two-thirds of patients and most of those, as 
well as about two-thirds of those without syringomyelia, show 
central cord signs. Children present with similar complaints, 
although most children are asymptomatic. Scoliosis associated 
with syrinx and oropharyngeal dysfunction are of particular 
note in children. The precise neuroradiological diagnosis of 
C-I remains a point of discussion.4,5

In Subtype 0, a terminology used by some authorities, the 
pons and medulla tilt posteriorly and the medulla and tip of 
the obex but not the cerebellar tonsils are caudally displaced.

Neurohistological abnormalities and associated malforma-
tions are not common in C-I. While it has been reported in a 
number of syndromes it often represents a single case and in 
most instances is likely simply a chance concurrence.6 Some 
syndromes in which C-I appears to be a true finding are listed 
above under Syndrome Associations.

C-I is far more frequent than previously thought, with 
rates as high as 1/130 to 1/180 noted in series of unselected 
MRIs.7,8 Series tend to show a female excess in the range of 3:2 
or higher.3 The fact that this has not been noted in some pedi-
atric series has led to the suggestion that pregnancy and deliv-
ery may provoke the onset of symptoms in women with C-I.9

Treatment: There is general acceptance that abnormal para-
axial mesodermal growth results in a small posterior fossa, best 
assessed as the posterior brain volume to posterior fossa vol-
ume ratio (PBV/PFV) or variations thereof.10 The primary aim 
of surgery is to relieve and prevent progression of symptoms 
and signs, including any accompanying syrinx. An important 
question is who should be treated, and there seems a general 
agreement not to treat asymptomatic, isolated C-I but rather 
to treat patients with C-I associated progressive scoliosis and 
those with larger syringes (>50  percent of spinal cord cross 
section) because of their propensity to progress and become 
symptomatic. Current consensus is that the principal treat-
ment is decompression of the posterior fossa, a procedure that 
generally includes C1–C2 laminectomy. There is ongoing dis-
cussion as to the merits of differing approaches, including the 
extent of occipital surgery.

Prognosis: The majority of patients with C-I likely remain 
asymptomatic; some symptomatic cases may spontaneously 
resolve. A high proportion of treated patients in most series 
obtain relief and improvement of any syrinx.11 The fact that 
some series show a poorer outcome may reflect the sever-
ity and progression of the symptoms prior to surgery or the 
impact of certain complications, such as obstruction of the 
foramen of Magendie by arachnoid adhesions.11

Chiari II (C-II) is considered present in all cases of menin-
gomyelocele and is characterized by caudal displacement of 
the cerebellar vermis, tonsils, medulla, and/or fourth ventri-
cle into the cervical canal (Fig. 9.14.2). Findings including a 
“banana” sign are seen on prenatal ultrasound.12 Symptomatic 
cases, two-thirds of which will present by age three months, are 
uncommon but are the leading cause of death in patients treated 
for spina bifida up to the age of two years. Presenting signs 
include dysphonia and a crowing stridor. Glossopharyngeal 
and vocal cord dysfunction may predispose to aspiration. 
The caudal cerebellar displacement can lead to compression, 
causing infarction of parts of the cerebellum and necrosis 
of lower cranial nerves, with loss of both vagal nerves being 
fatal. Complications in older children include hydrocephalus, 
brain stem compression, and upper cervical cord compression. 
Associated signs and symptoms may include loss of head con-
trol or arm function, hoarse voice, opisthotonos, nystagmus, 
and hemi/quadriparesis. Caudal cerebellar displacement is dif-
ficult to see with computed tomography, and associated find-
ings aid the diagnosis; MRI is the preferred approach.13

Subtype 1.5 is the term used by some for Type II Chiari 
malformation in the absence of a meningomyelocele.

C-II has been reported in an oculo-skeletal-abdominal 
syndrome and in a case each of osteopetrosis and of Trisomy 
18; syndromes where C-II is associated with meningomy-
elocele are covered in Entry 11.4.6 The incidence of C-II is 

Fig. 9.14.1 MRI in sagittal plane of patient with Chiari type I malformation 
illustrating small posterior fossa with low posterior insertion of the tentorium 
and caudal protrusion of cerebellum through a large foramen magnum. Note 
syrinx at level of C2-C3. (Courtesy of Drs. S. Grahovac and Z. Grahovac, 
Ottawa Hospital, Ottawa.)
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essentially a reflection of that of meningomyelocele and as 
such displays wide geographic, seasonal, and racial variation, a 
temporal decline in most areas (much of which predates folic 
acid supplementation), and a female excess that is less marked 
in areas with lower incidence. There is some evidence for a 
higher rate in twins.14

Treatment: It appears there are two groups of patients who 
are symptomatic because of C-II—those presenting early and 
acutely because of brain dysplasia, and those with a later and 
more protean presentation.15,16 The former have a high mortal-
ity despite surgery, and few become asymptomatic. For chil-
dren and adults the approach is similar to that for C-I, and 
there is some evidence that durotomy, which can have compli-
cations, is not required.17

Prognosis: Recent results treating the group with later onset 
of symptoms are encouraging, with more showing complete 
resolution of symptoms. A proportion show recurrence, which 
may be due to bone regrowth, but respond to reoperation.17 
Success in relieving specific complaints will vary with the 
symptoms attributed to the C-II. The prognosis for intellectual 
development is essentially that of meningomyelocele.

Chiari III (C-III) involves displacement of the brainstem 
to the cervical canal and variable displacement of the cerebel-
lum into an occipitocervical encephalocele. The diagnosis is 
made when the MRI reveals that a low occipital or high cer-
vical encephalomeningocele contains cerebellar components. 
Most cases present at birth with severe problems, although 
later diagnoses have been reported. Respiratory insuffi-
ciency is a common cause of early death. Those who survive 
may suffer hydrocephalus, symptoms of headache, syncope, 
ataxia, dysphasia, aspiration, sphincter dysfunction, and sei-
zures, as well as visual, sensory, and tonal dysfunction due to 
compression of the cerebellum, brainstem, and lower cranial 
nerves.

Chiari III occurs in syndromes such as Meckel-Gruber that 
have a high cervical or occipital encephalocele. Chiari III is a 
rare malformation and no data are available for Chiari III con-
cerning incidence, sex ratio, or occurrence in twins.

Treatment: Information regarding treatment and out-
comes is sparse. Marked hydrocephalus is usually present 
in addition to the skull/spine defect, and surgery has usu-
ally involved treatment of both problems—in some cases 
with closure of the skull defect initially with treatment 
of the hydrocephalus later, but the reverse has also been 
successful. In one mild case, treatment was limited to a 
ventriculoperitoneal shunt.

Prognosis: The survival rate is poor in C-III and reflects the 
severity of the underlying brain malformation, including any 
nontreatable cerebellar compromise. In surviving individuals 
it would appear that progressive deterioration due to hydro-
cephalus or cerebellar compression may respond adequately to 
intervention.
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10 | SPINAL CORD

DAVID DYMENT*

inTrodUCTion

Malformations of the spinal cord are typically hidden from 
view by the vertebral column, although their presence may 
be suspected in the presence of overlying patches of hair, 
dimples or sinuses, hemangiomas, and neurological signs. 
Ultrasonography, magnetic resonance imaging, and computed 
tomography have replaced the invasive procedures necessary 
in prior decades to define these malformations.

A N AT O M I C A L  E M B RY O L O G Y

The spinal cord is derived from the caudal portion of the neu-
ral plate that elevates and fuses in the midline to form the 
neural tube. As with all developmental events, the process 
proceeds in a cranial to caudal direction, and lengthening of 
the neural tube is dependent on production of cells migrat-
ing through the primitive streak followed by extension of the 
embryonic axis via the mechanism of convergent extension. 
This mechanism involves movement of more laterally placed 
cells medially into the longitudinal plane of the ectoderm 
and mesoderm. Cell movement is regulated by the planar cell 
polarity pathway, involving the noncanonical WNT pathway 
and the transmembrane proteins Celsr and Vangl.

Once the neural tube is established, neuroepithelial cells 
differentiate into neuroblasts that form the mantle layer (gray 
matter) of the spinal cord. Processes from these neurons and 
other fiber tracts form the outer marginal layer (white matter) 
of the cord. Eventually, neurons in the ventral part of the man-
tle layer form thickenings, the basal plates that differentiate 
into motor neurons in the ventral motor horns, whereas dorsal 
thickenings (the alar plates) differentiate into sensory neurons 
in the dorsal sensory horns. In addition, another collection of 
motor neurons from spinal cord segments T1–L2 forms the 
intermediate (lateral) horns containing preganglionic sympa-
thetic nerve cell bodies. Roof and floor plates also form and 
consist of nerve fibers crossing from side to side. By the third 

month, the spinal cord extends the entire length of the embryo. 
From this point on, however, the vertebral column and dura 
mater lengthen more rapidly than the cord, causing its caudal 
end to shift to a higher level. Ultimately, the cord ends at ver-
tebral level L2–L3, whereas the dural sac extends to S2. A thin 
extension of pia mater extends from the cord through the dura 
(which adds a covering over the pia) at S2 and continues to the 
first coccygeal vertebra. This threadlike structure is called the 
filum terminale; the part extending from S2 to the coccyx is 
called the coccygeal ligament.

M O L E C U L A R  E M B RY O L O G Y

The interactions between SHH, WNT, and BMP signaling 
establish specific codes of transcription factor expression that 
specify the progenitor domains and the neuronal subtype 
progenies that will be formed in the ventral and dorsal regions 
of the spinal cord.1 Secretion of SHH from the notochord 
and neural tube floor plate creates an opposing gradient of 
activating (ventral) versus repressing (dorsal) GLI transcrip-
tion factor activity. Short-range SHH target genes, including 
Nkx2.2 and Foxa2, are expressed in the ventral-most progeni-
tor domains, while longer range target genes, including Olig2 
and Nkx6.1, are expressed more dorsally.2 Canonical WNT/
CTNNB1 (β-catenin) signaling from the roof plate promotes 
dorsal characteristics, in part by regulating the domain of 
Gli3 expression, which represses SHH target genes. TGF-β 
superfamily genes, including several BMPs, are dynamically 
expressed in the roof plate and promote dorsal patterning of 
the neural tube via expression of transcription factors such as 
Olig3 and Pax7.
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10.1 primarY TeTHered Cord

Definition: The anchoring of the caudal part of the spinal cord such that the conus medullaris is low-lying, typically 
past the L1–L2 position.

ICD9/ICD10: 742.59, 742.9/Q06.3, Q06.8, Q06.9 Syndrome Associations (Appendix)
Caudal dysgenesis
CLOVE (PIK3CA)
Costello (HRAS)
Currarino (HLXB9, MNX1)
Floating-Harbor (SRCAP)
OEIS
VACTERL
Wolf-Hirschorn (del 4p)
del 1p32p31

Birth prevalence: not known

Associated anomalies: myelomeningocele, the skin 
stigmata of occult dysraphism, abnormal vertebral bodies, 
a fatty filum terminale, lipomeningocele, and scoliosis

Laboratory studies: MRI

Prenatal diagnosis: only if in association with other 
anomalies or syndrome associations

Cause: the anchoring of the filum terminale to structural 
lesions such as a myelomeningocele, fatty filum, lipoma, 
dermal sinus, teratoma, or dermoid cyst

The conus medullaris lies at L2–L3 at birth and at L1–L2 by 
three months of age and into adulthood.1 Traditionally, a teth-
ered cord is diagnosed when the conus medullaris extends 
below the L1–L2 disc space due to a distal attachment of the 
filum terminale (Fig. 10.1.1). Symptoms reflect the ongo-
ing damage to the spinal cord as a result of the increased 
tension caused by the caudal anchoring of the spinal cord. 
Midline dorsal skin manifestations of an occult dysraphism 
are present and often prompt the investigation and diag-
nosis by ultrasound shortly after birth. MRI is also a use-
ful modality to determine the level of the conus medullaris 

and the thickness of the filum terminale. Bladder urgency, 
incontinence, increased urinary frequency, and urinary tract 
infections are common complaints, although they may not 
be readily apparent during infancy.2 Approximately 75  per-
cent of individuals will have bowel and bladder dysfunction, 
and urodynamic testing shows a neurogenic bladder.3 Other 
neurologic features include asymmetric motor dysfunction, 
more pronounced than the sensory findings. The presence 
of the symptoms of a tethered cord increases with time, and 
only 38 percent of patients are symptomatic at less than six 
months; this changes to 71 percent for those over six months 
of age.4 Most individuals are symptomatic by age five.5 With 
time there may be complaints of cramps, gait disturbance, 
weakness, and foot inversion.6 Consequently, there can also be 
a delay in walking. Examination shows increased deep tendon 
reflexes, clonus, spasticity, and absent vibration sense. Pain is 
a common feature in the adult population.6 Orthopedic symp-
toms including limb length discrepancies, foot deformities, 
and scoliosis, develop in 75 percent.1 The lower motor symp-
toms may reflect compression of the nerve root that occurs 
with traction.

The skin manifestations of an occult dysraphism include 
hypertrichosis, lipoma, hemangioma, lumbosacral appendage, 
and dermal sinus tract, and are seen in 50 percent of those with 
tethered cord.2 Vertebral anomalies associated with tethered 
cord are common and include butterfly vertebra, hemiverte-
bra, vertebral scalloping, flattening of the pedicle, vertebral 
clefts, and midline spurs, among many others.2 Scoliosis devel-
ops in 25 percent of patients.2 The presence of a myelomenin-
gocele is a common cause of a tethered cord, and a re-tethering 
can occur postsurgery in early to mid-childhood in those with 
a repaired myelomeningocele.7 A  fatty filum and lipomyelo-
meningocele are also common causes. Other structural anom-
alies that can cause a tethered cord include dermal sinus tracts, 
split cord malformations, a terminal myelocystoceles and 
neurenteric cysts.

Fig. 10.1.1 Sagittal magnetic resonance imaging scan showing tethering of 
the cord at the lumbosacral junction (black arrow). Patient has a split cord 
malformation (white arrowhead). (Courtesy of Dr. L. Auruch, Ottawa Hospital.)
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A tethered cord can be seen in certain syndromes, in 
particular, caudal dysgenesis, OEIS (omphalocele, extrophy, 
imperforate anus, and spinal abnormalities), VACTERL asso-
ciation, and Currarino triad.8,9 The incidence and prevalence is 
predicted to be low, and inheritance is multifactorial.

Treatment: Early surgical resection of the filum terminale 
and removal of any structures that act to anchor the filum ter-
minale are required.

Prognosis: Improvement of symptoms related to sensorimo-
tor function, pain, and urologic findings may be expected in 
most cases following surgical resection.10
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10.2 SpliT Cord malformaTion

(Diastematomyelia, Diplomyelia)

Definition: A longitudinal split or fissure of the spinal cord.

ICD9/ICD10: 742.51, 742.59/Q06.2, Q06.8 Syndrome Associations (Appendix)
Jarcho-Levin (MESP2, LFNG, HES7, DLL3)
Wildervanck

Birth prevalence: not known

Associated anomalies: spina bifida, vertebral anomalies, 
scoliosis, tethered cord, thickened filum, lipomas and 
other cutaneous findings

Laboratory studies: MRI

Prenatal diagnosis: ultrasonography

Cause: due to the formation of an accessory neurenteric 
canal between yolk sac and amnion that is invested 
with mesenchyme and subsequently forms an 
endomesenchymal tract that splits the notochord and 
neural plate

There are two categories of split cord malformations (SCMs). 
For split cord malformation type 1 (SCM1), the hemicords 
each have their own dura and are separated by a rigid osteocar-
tilaginous septum or spur.1,2 For split cord malformation type 
2 (SCM2), the hemicords are present in their own single dura 
and can be separated, but not always, by a nonrigid fibrous 
septum (Fig. 10.2.1).1,2

Individuals are often diagnosed incidentally with prenatal 
ultrasound. At birth there can be seen the typical cutaneous, 
midline, and dorsal manifestations of occult dysraphism such 
as a patch of hypertrichosis, hemangiomas, lipomas, dermal 
sinus, and atretic meningoceles. One or more of these skin 
findings are seen in 60 percent of those with SCM.3

Symptoms associated with the condition vary signifi-
cantly. An individual can be asymptomatic into adulthood 
or may have symptoms that present in early childhood (ages 

2–3 years). Symptoms are progressive in nature and are due to 
the tethered spinal cord as well as the entrapment of the spinal 
cord against the midline septum and the accompanying pro-
gressive scoliosis. Neurologic symptoms include parapareses, 
bladder and bowel dysfunction, gait difficulties, evidence of a 
sensorimotor neuropathy, and pain. Scoliosis is common and 
progressive and secondary to the vertebral anomalies. Other 
orthopedic deformities include talipes, pes planus and, rarely, 
congenital hip dislocation. Cognition is normal in the affected 
children. The majority of SCMs are lumbar or thoracolumbar 
(87  percent) and a small proportion of individuals can have 
more than one SCM.4 The condition is sporadic, although 
there are rare case reports of familial recurrence.5

There are many associated anomalies with SCM includ-
ing the cutaneous manifestations listed above. Further, there 
are associated vertebral anomalies that include bifid vertebrae, 
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bifid lamina, butterfly vertebrae, and fused vertebrae. The asso-
ciated spinal cord anomalies include syringomyelia, low lying 
cord, and a thick filum terminale.6 Neural tube defects are 
common, and myelomeningoceles are present in up to 38 per-
cent of children with a split cord malformation.6 Lipomas also 
occur and, to a lesser extent, dermoids, epidermoids, and tera-
tomas. Chiari malformation type 1 and Klippel-Feil anomaly 
are rare but can be seen in those with cervical SCM.7,8

There is no information on prevalence or incidence for 
this rare malformation. There is a recognized predominance 
of females with the condition, and the sex ratio is 1.3 females 
for one male.3,9

Treatment: Surgery is recommended for those with split 
cord malformation with or without neurological symptoms. 
A laminectomy is performed, and the bony spur that separates 
the hemicords of SCM1 can be carefully excised as well as any 
fibrous adhesions. For SCM2, a laminectomy is also performed 
but at the caudal end of the split, and any fibrous tissue pres-
ent between the hemicords removed. Any other cord lesions 
including a tethered cord, thick filum terminale, or lipoma can 
also be addressed during the surgical procedure.

Prognosis: Once symptoms arise there is a low chance of 
full recovery.3 In one study only 40  percent of those with 

A

B

D

C

Fig. 10.2.1 Left: Metrizamide-enhanced computed tomography scans of spine showing normal cord (A) that widens asymmetrically (B) and splits into two unequal 
parts (C). Right: Myelogram in the same patient showing defect of split cord malformation spur at level of L4 and low level of cord with nerve roots continuing to 
come off to the level of the defect. (Courtesy of the Department of Radiology, Children’s Hospital of Eastern Ontario.)
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motor deficits and 30  percent of those with autonomic 
deficits showed improvement after surgery.3 In another, 
only 24  percent showed any improvement after surgery 
although, importantly, there was no further neurological 
deterioration.6
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10.3 TailGUT CYST

(Retrorectal Cystic Hamartoma, Cystic Hamartoma, Mucin-Secreting Cyst)

Definition: A presacral, multilobulated cyst that secretes mucous and is formed from vestigial remnants of embryonic 
hindgut.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: rare; estimated at 1/40,000

Associated anomalies: case reports of didelphys, 
imperforate anus

Laboratory studies: fine needle aspirate shows columnar 
epithelium

Prenatal diagnosis: reported with ultrasonography

Cause: vestigial remnant of hindgut during early 
development

A tailgut cyst can be asymptomatic and only recognized inci-
dentally after gynecological or rectal examination. When 
symptoms are present they include abdominal discomfort and 
lower back pain, constipation, a feeling of abdominal fullness, 
or rectal bleeding. Recurrent infection and the formation of an 
abscess or fistula are significant complications that can result 
secondarily from a tailgut cyst.1,2 The differential diagnosis 
includes precoccygeal cyst, rectal duplication, anal gland cyst, 
an anterior sacral meningocele, or cystic teratoma. The cyst is 
formed due to remnants of hindgut that has failed to regress 
during early embryonic development.

There have been case reports of tailgut cysts associated with 
bifid vagina as well as imperforate anus and pilonidal sinus.3-7 
There has also been a single report of a tailgut cyst in associa-
tion with a tethered cord and anterior sacral meningocele.8

The condition is rare and estimated at 1/40,000 in one 
study.9 Others have estimated it to be rarer still. There is a 
preponderance of females, with three females affected to one 
male, although this may reflect an ascertainment bias.

Treatment: Given the risk of malignant transformation that 
ranges from 2–13 percent, surgical excision is the appropriate 
intervention.10 The malignancies associated with tailgut cysts 

are typically adenocarcinomas, although neuroendocrine and 
carcinoid tumors have also been reported.

Prognosis: Excision is considered curative and recurrence is 
uncommon.
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10.4 SYrinGomYelia

(Spinal Syrinx)

Definition: fluid-filled expansion of the central canal of the spinal cord.

ICD9/ICD10: 336.0/G95.0 Syndrome Associations (Appendix)
Apert (FGFR2)
Cleidocranial dysplasia (RUNX2)
Craniosynostosis (various)
Crouzon (FGFR2)
Ehlers-Danlos (COL5A1, COL5A2, COL3A1, 
COL1A2, TNXB)
Mucopolysaccharidosis VI (ASRB)
Nager (SF3B4)
Neurocutaneous melanosis
Neurofibromatosis Type I (NF1)
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)

Birth prevalence: 1/10,000–1/12,500

Associated anomalies: hydrocephalus, Chiari 
malformation type I and II, basilar impression, tethered 
cord

Laboratory studies: MRI

Prenatal diagnosis: secondary to spinal dysraphism

Cause: aberrant CSF flow dynamics, though mechanism is 
poorly understood

Symptoms of syringomyelia are highly varied. Approximately 
50  percent of individuals with a syrinx can show no symp-
toms.1 When present, symptoms are dependent on the level 
and the length of the syrinx. Symptoms include motor deficits 
(weakness, atrophy, gait disturbance) and sensory symptoms. 
Weakness and loss of temperature and pain sensation are most 
common. Motor paresis is often limited to upper limbs and 
is usually asymmetric. Paresthesias (numbness and tingling) 
occur in 18–65  percent.2 Autonomic dysfunction can also 
be seen and includes bladder and gastrointestinal dysfunc-
tion, hypohidrosis, and vasomotor instability. Symptoms can 
wax and wane and be slowly progressive. The average size of 
the lesion ranges from five to nine vertebral segments with 
an average diameter of 6  mm.3 Syringomyelia usually pres-
ents between C2–T9 and, pathologically, there is destruction 
of glial tissue surrounding the syrinx, a loss of myelin, and 
Wallerian degeneration (Fig. 10.4.1). It is important to dif-
ferentiate syringomyelia from the stable and asymptomatic 
dilations of the central canal that are due to benign vestigial 
structures that do not result in any symptoms or loss of glial 
tissue. The benign form can be seen incidentally with imaging 
or at autopsy.

A syrinx can be an isolated phenomena or the consequence 
of structural anomalies such as posterior fossa malformations 
(Dandy-Walker malformation, Chiari malformations Type 
I and II), Klippel-Feil syndrome, tethered cord, hydrocepha-
lus, trauma, and meningitis (due to scar tissue of arachnoid) 
or intramedullary and extramedullary tumors. The most 
common underlying cause of syringomyelia is a Chiari Type 
I malformation.

The most commonly associated anomaly that results from 
the presence of the syrinx is scoliosis. Eighty-two percent of 
individuals under the age of 20 with a Chiari Type I malforma-
tion will have scoliosis.4 The diagnosis of a syrinx and a Chiari 

malformation is important, as its surgical correction can result 
in a stabilization and, in some, an improvement in the scoliosis 
if performed in early childhood.5

Fig. 10.4.1 Sagittal magnetic resonance imaging scan of a patient with 
idiopathic communicating syringomyelia who presented with neck pain. Arrow 
points to dilated central canal.
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There have been many hypotheses to explain the formation 
of a syrinx. These have included hypotheses that involve the accu-
mulation of cerebrospinal fluid (CSF) via the fourth ventricle or 
an accumulation of CSF that passes through the subarachnoid 
space.6,7 More recently, it has been postulated that extracellular 
fluid (ECF) accumulation within the central canal rather than 
CSF that causes the syrinx.8-10 Of the latter, one mechanism pos-
its that the ECF accumulation is due to a reduced compliance of 
posterior spinal veins, and this leads to a reduced reabsorption of 
ECF and thereby an accumulation of fluid in the canal.9 Another 
ECF-related theory termed the intramedullary pulse pressure 
theory explains the fluid accumulation as a result of increased 
pulse pressure within the spinal cord.10 The driving mechanism 
for the gradual accumulation is an increased pressure in the cord 
compared to the surrounding subarachnoid space. This pres-
sure differential results in the localized dilation of the cord and 
subsequent accumulation of ECF into the distended cord. As 
an example of this last hypothesis, there is an increase in CSF 
pressure seen in individuals with a Chiari Type I malformation. 
The CSF thereby shows an increase in velocity and a decrease in 
local pressure (the Venturi effect). The decreased pressure causes 
a distension of the cord, below the obstructing cerebellar ton-
sils, and ECF subsequently flows into the central cavitation. This 
would be expected to occur in any situation that allows this pres-
sure differential (tumor, trauma, spinal stenosis).

As mentioned above, the syrinx most often occurs sec-
ondarily to an underlying etiology, the most common being 
a Chiari malformation Type I  (CM-I). This posterior fossa 
malformation is the extension of the cerebellar tonsils >5mm 
below the foramen magnum. There are many causes of a 
CM-I and these include iatrogenic (a blocked shunt), basilar 
invagination, a small or “crowded” posterior fossa, conditions 
affecting the extracellular matrix (e.g., Marfan syndrome), pre-
mature closure of the cranial sutures (e.g., Crouzon or Apert 
syndromes) and other syndromes such as neurofibromatosis 
Type I or Fabry disease, where the explanation is not as clear. 
Other CNS malformations that result in a propensity for syrin-
gomyelia formation include a Dandy-Walker malformation and 
hydrocephalus. Chiari malformation Type II is the extension of 
the cerebellum and brainstem past the foramen magnum with 
an associated spina bifida. It is also highly associated with the 
formation of syringomyelia in 20–25 percent of cases.11

There are few studies that have examined prevalence. One 
study did estimate the prevalence to be 8.4 per 100,000.12 With 
the use of MRI, the incidence was shown to be increasing and 
was higher in individuals of South Pacific ancestry compared 
to individuals of Caucasian ancestry. The average age of first 
symptom was 27  years and the average age at diagnosis was 
32 years. The overall prevalence may be an underestimate given 
more recent estimates of CM-I may be closer to 0.9 percent in 
the general population.13 If syringomyelia is present in half of 
the individuals with CM-I, the prevalence of syringomyelia 
may be much higher than the previously estimated 8.4/100,000.

Treatment: For those who are asymptomatic a conserva-
tive approach is recommended. Nonsurgical options include 
medication for pain management and rehabilitation to opti-
mize functional ability. If there are other associated anoma-
lies (e.g., neural tube defect), untethering of the cord and/
or shunt revision should be considered. For all other cases 
of symptomatic and progressive syringomyelia, the goal of 
surgery will be to address the underlying etiology and to 
normalize the CSF flow. For individuals with Chiari I  mal-
formation and a syrinx, a craniocervical decompression with 
duraplasty can be performed. For Chiari malformation Type 
II, a shunt is placed with enlargement of the foramen mag-
num, removal of cervical laminae and removal of any fibrous 
bands. If the abnormal CSF flow is due to arachnoid scarring 
either by trauma or meningitis, the surgery may be difficult. 
Direct drainage of the syrinx with shunting is also possible 
when the underlying cause of the aberrant CSF flow cannot be 
determined or the scarring is too widespread, as is often the 
case following meningitis. However, this is to be considered 
as a last resort, as surgery has associated complications with 
little clinical benefit.14

Prognosis: The prognosis will be dependent on the under-
lying cause and surgery required. For those with CM-I and a 
syrinx, the decompression of the posterior fossa results in a 
good outcome.
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10.5 mYeloCYSToCele

(Terminal Myelocystocele, Syringocele, Myelocystomeningocele)

Definition: A closed neural tube defect that is constituted of the local enlargement of the central canal to produce a fluid-filled 
sac, covered by meninges (a meningocele) that protrudes between the defective dorsal dura and spinal processes.

ICD9/ICD10: 741.90/Q05.9 Syndrome Associations (Appendix)
OEIS

Birth prevalence: not known

Associated anomalies: Chiari Type I malformation, 
hydrocephalus, tethering of spinal cord

Laboratory studies: normal amniotic fluid 
alpha-fetoprotein

Prenatal diagnosis: ultrasonography

Cause: hypothesized to be caused by a blockage in 
secondary neurulation

A terminal myelocystocele is a rare and complex malforma-
tion that consists of a skin-covered lumbosacral spina bifida, 
an arachnoid-lined meningocele that is continuous with the 
spinal and arachnoid spaces, a low-lying cord that traverses 
the meningocele and forms a distal sac that bulges into the 
extraarachnoid space, caudal to the meningocele, and does not 
communicate with the subarachnoid space (Fig. 10.5.1).

In the newborn, the terminal myelocystocele presents as a 
skin-covered mass that lies within, and often masks, the gluteal 
cleft. The size of the swelling can vary significantly and fluc-
tuate over time. The overlying skin can have a hemangioma, 
hypertrichosis, dermal sinus, or nevus, as commonly seen with 
other occult spinal dysraphisms. Clubfoot or limb length dis-
crepancies may also be present. Neurological signs and symp-
toms can be minimal or absent at initial presentation.1,2 When 
they do appear, they comprise a slowly progressive distal para-
paresis likely secondary to the tethered cord.3

MRI is the modality of choice to characterize the malfor-
mation and shows a characteristic trumpet-like appearance of 
the syringocele.4 The myelocystocele can also be identified pre-
natally, and the differential diagnosis includes myelomeningo-
cele, lipomyelomeningocele, lipoma, teratoma, or hamartoma.

The condition is sporadic with no known familial recur-
rence reported. The cause of the condition is unknown, 
although there have been anecdotal reports of myleocystoceles 
with exposure to retinoic acid, hydantoin, and loperamide.5,6 
McLone and Naidich proposed that a disruption of CSF flow 
after neural tube closure results in a dilation of the terminal 
ventricle.1 This expansion then disrupts the surrounding dor-
sal mesenchyme although the ectoderm remains intact and 
thus explains the closed spina bifida and myelocele.1 Dias and 
Pang proposed that the malformation was similar to that seen 
in chick embryos where the distal spinal cord is fused to the 
ectoderm.7 This is normally transitory and is followed by a 
separation and regression of the caudal spinal cord by apopto-
sis. Pang et al. propose that the terminal myelocystocele is due 

to the arrest of apoptosis at the time of separation of the cord 
from the ectoderm.8

The most common association is with OEIS (Omphalocele, 
cloacal Extrophy, Imperforate anus and Spinal malformations). 
In an early study, OEIS was present in 13 of 20 individuals with 
myleocystocele.9 Other associated anomalies include a Chiari 

Fig. 10.5.1 Schematic representing a myelocystocele. A. Meningocele. 
B. Terminal cyst. C. Dorsal spina bifida. D. Fibrous band. E. Subarachnoid 
space. F. Central canal.
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Type I  malformation and hydrocephalus. A  myelocystocele 
can occur in the cervicothoracic cord, and these are often asso-
ciated with a Chiari Type II malformation.10,11

There are no reports of prevalence or incidence of myelo-
cystocele. There does appear to be a predominance of females, 
and 4–10  percent of those individuals with a skin-covered 
mass of the lower spine have a myelocystoele.1,12

Treatment: The surgical approach is opening of the cyst 
distal to the last nerve roots and resection with reconstruc-
tion of the meninges and subarachnoid spaces. The cord can 
be de-tethered. When associated with OEIS, several surgeries 
may be required.

Prognosis: There is a stabilization of symptoms after sur-
gery, and some, but not all, patients may experience improve-
ment. Neuropathic bladder was observed in 4/10 patients after 
surgery.8 Leakage of cerebrospinal fluid is a common com-
plication of the surgery that may require additional surgery.3 
Individuals with an isolated myelocystocele have normal cog-
nitive function.
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10.6 anTerior and laTeral meninGoCeleS

Definition: Anterior and lateral meningoceles are the occult protrusion of meninges beyond the spinal canal 
through an enlarged foramina or vertebral column defect.

ICD9/ICD10: 741.00, 741.90/Q05.9, Q01.9 Syndrome Associations (Appendix)
Caudal regression
Currarino (HLXB9, MNX1)
Hajdu-Cheney (NOTCH2)
Lehman (NOTCH3)
Marfan (FBN1)
Neurofibromatosis Type I (NF1)
Nevo (PLOD1)
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)

Birth prevalence: not known

Associated anomalies: hemivertebrae, spina bifida, 
bicornuate uterus, anal atresia, duplex kidney

Laboratory studies: MRI

Prenatal diagnosis: secondary to other underlying 
syndrome such as Currarino syndrome or caudal 
regression syndrome

Cause: sporadic, Mendelian

More than 80 percent of meningoceles are located posteriorly 
in the thoracolumbar region.1 The rarer forms discussed here 
comprise occult protrusion of meninges, present anteriorly, 
through a spinal dysraphism or, alternatively, a protrusion 
of the meninges present anterolaterally through an enlarged 
intervertebral foramina or intervertebral space. In the former, 
the anterior meningocele is present with a bony malformation, 
typically of the sacrum, that varies in its severity from com-
plete sacrococcygeal agenesis to subtle vertebral changes. In 
the latter scenario, anterolateral meningoceles are most often 
present in the sacral and thorax regions and with recognizable 
syndromes such as Marfan syndrome and Neurofibromatosis 
Type 1 (NF1).2 Two-thirds of those with anterolateral tho-
racic meningoceles have NF1.3,4 In only a minority of cases 

are the anterior or lateral meningoceles truly isolated find-
ings.1 Meningoceles can be multiple or solitary, and they can 
be unilateral or bilateral.5 There is also a predilection for the 
meningoceles to be present on the right side versus the left or 
midline.

There is rarely an outward manifestation of the anterolateral 
or anterior meningoceles. When symptoms are present they 
are secondary to mass effects and depend on the level of lesion, 
size of the meningocele, and any other features that comprise 
the underlying syndrome. The meningoceles can compress 
the lungs, rectum, bladder, or uterus, and common symptoms 
include shortness of breath, recurrent cough, changes of uri-
nary frequency, and constipation. Low back, abdominal, and 
radicular pains are also commonly experienced. Headaches 
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can be present and associated with Valsalva. Motor and sensory 
symptoms are not typically experienced by those with menin-
goceles. About 40 percent of individuals can be asymptomatic.2

The differential diagnosis includes lipomas, teratomas, 
large ovarian cysts, perineural cysts, and tailgut cysts; it is 
also important to rule out a neurofibroma, given the associa-
tion with NF1.6 An anterior meningocele is highly suspected 
if a presacral mass is palpable on rectovaginal examination 
and vertebral anomalies are also seen on X-ray (Fig. 10.6.1). 
However, a definitive diagnosis is by MR imaging.

As mentioned above, Marfan syndrome and NF1 are 
the common conditions typically associated with anterolat-
eral meningoceles.2 The lateral meningocele syndrome is an 
exceedingly rare syndrome, and its syndromal features include 
a characteristic facial appearance (downslanted palpebral fis-
sures, ptosis, downturned mouth, low-set and posteriorly 
rotated ears), short stature, developmental delay, and mul-
tiple meningoceles.7 The condition is caused by mutation in 
NOTCH3.8 Currarino syndrome is an autosomal dominant 
condition composed of the triad of sacral dysgenesis, anal mal-
formations, and a presacral cyst, and it is most often the expla-
nation for those individuals who present to medical attention 
with an anterior meningocele of the sacrum and an autosomal 
dominant pattern of inheritance.

Kyphoscoliosis is a common associated finding, and the 
meningocele is typically present at the convexity of the apex 
of the curve of the spine. Lateral meningoceles are associated 
with vertebral defects such as hemivertebrae, absence of neural 
arches, widening of the spinal canal, and intervertebral foram-
ina, as well as scalloping of pedicles, lamina, and vertebral 
bodies9. Butterfly vertebra and other segmental defects occur 
in 43 percent, partial sacral dysgenesis in 50 percent.9,10 It is 
assumed that these vertebral defects produce a weakened bony 
substrate from which the meningocele can then protrude. Anal 
atresia, bicornuate uterus, duplex kidney, and presacral tumors 
such as teratomas, epidermoids, and dermoids can also be seen 
with meningoceles.

The exact incidence and prevalence is not known. In NF1 
the meningoceles present in adulthood, and the occurrence 
is secondary to the mesodermal dysplasia present in the con-
dition. Of those ascertained with meningoceles, 60–85  per-
cent will have NF1. The proportion of those with lateral 
meningoceles ascertained as part of their NF1 is not known. 
Overall there is a preponderance of females reported, and 
this may reflect a connective tissue laxity or, alternatively, an 
ascertainment bias.

Treatment: Surgical excision is recommended for those 
symptomatic with meningoceles.11 If symptomatic and the 
meningoceles are small or medium sized, the surgery involves 
a laminectomy with intradural repair of the cyst (aspiration 
and closure). If the lesion is larger, a thoracotomy is required.12 
This approach will reduce complications of any spinal cord 
damage. Prognosis is considered excellent.
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Fig. 10.6.1 Anterior meningocele. Lateral view of myelogram showing extension 
of the subarachnoid space to the distal sacrum and protrusion forward to the 
region of a retrorectal mass.
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10.7 neUrenTeriC malformaTion

(Split Notochord Malformation, Enterogenous Cysts, Teratomatous Cysts, Intestinoma)

Definition: A spectrum of malformations present along the neuraxis that are due to a persistent connection between the 
foregut and notochord during embryogenesis.

ICD9/ICD10: 742.59/Q06.9 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: vertebral anomalies, scoliosis, 
malformed diaphragm, shortened esophagus

Laboratory studies: CT, MRI

Prenatal diagnosis: ultrasonography

Cause: persistent connection between endoderm and 
ectoderm during embryogenesis

The neurenteric malformations are rare and highly varied in 
their severity. They can present anywhere along the neuraxis as 
a solitary cyst composed of heterotopic endodermal tissue or, 
at its most severe, as an enteric fistula that crosses the midline 
of the spinal cord and exits the skin of the back. The formation 
of the malformation occurs early in development (~3 weeks) 
at the time when a neurenteric canal crosses the primitive 
notochordal plate. If the neurenteric canal persists, the nor-
mal separation of endoderm and ectoderm is prevented, and 
the union can result in cystic structures with the epithelium in 
keeping with the characteristics of the gastrointestinal tract.1 
The histopathology of a neurenteric cyst consists of a mucin 
producing, nonciliated epithelial lining that is pseudostratified 
or simple and either columnar or cuboidal.1,2 In more complex 
malformations, the histopathology can also show ciliated epi-
thelium, cartilage, smooth and striated muscle, elastic fibers, 
and nerve tissue.3

The clinical presentation depends on the location and size 
of the cyst. At its most severe, the malformation is not com-
patible with life. These are the neurenteric malformations 
that consist of the gut passing through a bisected spinal cord, 
through a cleft vertebra, and to the back of the fetus. In some 
of the severe forms the gut tissue may consist of only remnants 
of endoderm and ectodermal tissue. These cases of severe 
neurenteric malformations also have a malformed diaphragm, 
shortened esophagus, and other malformed organs of the tho-
rax. At the milder extreme of the phenotype, the malforma-
tion consists of a neurenteric cyst that is discovered in later 
adulthood with only mild myelopathic or radicular symptoms. 
Most often they are diagnosed in childhood. Neurenteric cysts 
have been diagnosed prenatally by routine ultrasound, and this 
early presentation can be associated with hydrops and subse-
quent fetal demise. The fetal hydrops is secondary to compres-
sion of vascular structures and resulting venous insufficiency.4 
Neurenteric cysts are often located in the cervical (54  per-
cent) or thoracic regions (12–21  percent) although they can 
be seen along the entire neuraxis from the posterior fossa to 

the lumbosacral junction.5,6 The cyst is typically located in the 
extramedullary compartment and is ventral to the spinal cord.5

The clinical symptoms of a neurenteric cyst include a pro-
gressive focal pain, paresthesias, focal weakness, and incon-
tinence. Symptoms may wax and wane with changes in the 
volume of the cyst.7 A recurrent meningitis has been a present-
ing feature in infancy.8 Episodes of acute neurological deterio-
ration secondary to spinal cord compression can be observed. 
A proportion of individuals will have cutaneous manifestations 
(for example, a hair tuft, hypertrichosis, dermal sinus).7 The 
differential diagnosis for neurenteric cysts includes dermoids, 
cystic teratomas, arachnoid cysts, ependymal cysts, and cystic 
chordoma tumors.9 Computed tomography and MR imaging 
aid in the diagnosis and can also be used to identify associ-
ated anomalies. The cysts themselves are often hypointense on 
T1-weighted images.10

Posterior scalloping of the vertebral body, hemivertebrae, a 
widened interpedicular distance, Klippel-Feil anomaly, scolio-
sis, spina bifida, and other vertebral anomalies have been noted 
in individuals with neurenteric cysts.10,11 In the severe forms, a 
malformed diaphragm and esophagus may be present. There 
are no recognizable syndromes associated with these cysts.

Neurenteric cysts comprise 0.7–1.3  percent of all spinal 
tumors.12 In one series the age at presentation ranged from age 
three years to age 40  years with an average age of 15  years.7 
There is a skewed gender ratio observed in neurenteric cysts, 
with two males affected for every female.2,13 In the case of the 
more severe neurenteric malformations there is a predomi-
nance of females.3

Treatment: Complete surgical resection of the neurenteric 
cyst is the goal of treatment, although it is not always possible. 
In one series complete resection was possible in 61 percent of 
patients, and in another only 36 percent.7,14 The ventral loca-
tion of the cyst and the presence of adhesions can make the 
surgery a challenge. A  posterior approach to the surgery is 
often taken with laminoplasty. The cyst is aspirated and gently 
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resected. An anterior approach has also been advocated, as a 
complete resection may be easier given the anterior location 
of the cyst to the spinal cord. However, it does have the added 
complications of failure of vertebral fusions, hematomas, and 
CSF leakage.1

Prognosis: Infants with neurenteric malformations that 
involve the enteric connection to the dorsal surface have a 
grim prognosis, usually stillbirth or early neonatal demise. 
For those individuals with a neurenteric cyst, the prognosis is 
entirely different although it does vary with size and location. 
If a total resection is possible, the surgery is often completely 
curative. In a minority (11 percent) there can be a worsening 
of symptoms and a lack of improvement.10 Cyst recurrence in 
those with a partial resection can be as high as 37 percent and 
occurs generally within three years after surgery.6,7
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10.8 inTraSpinal (nonneUrenTeriC) CYSTS

(Intraspinal Dermoid, Intraspinal Epidermoid, Arachnoid Diverticulum, Arachnoid Cyst, Intraspinal Teratoma)

Definition: Nonneurenteric cysts within the spinal canal.

ICD9/ICD10: 745.5/Q06.3, Q06.9 Syndrome Associations (Appendix)
Lateral meningocele (NOTCH3)
Lymphedema-distichiasis (FOXC1)
Marfan (FBN1)
Neurocutaneous melanosis
Neurofibromatosis (NF1)

Birth prevalence: rare

Associated anomalies: tethered cord, diastematomyelia, 
spinal dysraphism, dermal sinus

Laboratory studies: MRI, CT, histopathology

Prenatal diagnosis: unlikely

Cause: sporadic, rarely Mendelian

The nonneurenteric intraspinal cysts are a rare and heteroge-
neous group of malformations. They vary in their location and 
histopathology. However, they do present with similar symp-
toms and natural history, due primarily to the compression of 
the spinal cord. Surgical treatment and prognosis is also simi-
lar for the intraspinal cysts. For this section we include terato-
mas, epidermoids, dermoids, and arachnoid cysts. Neurenteric 
malformations including intraspinal neurenteric cysts are the 
subject of Entry 10.7.

The clinical presentation of the intraspinal cysts is due to 
cord compression and is dependent on the level of the lesion; 
it is similar across cyst types with a few caveats. The shared 
symptoms include weakness to lower limbs, sensory findings, 
impotence, and urinary incontinence. Teratomas can occur at 
any age (infancy to advanced age), although childhood is the 
most common time at diagnosis.1 Dermoid cysts tend to occur 

earlier in life than epidermoid cysts. In one study the average 
age for surgical resection of a dermoid cyst was 1.5 years and 
was much younger than the 36 years observed for those with 
a surgery for an epidermoid cyst.2 Aseptic meningitis, hydro-
cephalus, and abscess formation can result from rupture of the 
dermoid and epidermoid cysts.3 Arachnoid cysts are often dis-
covered incidentally and are asymptomatic.4 The age at diag-
nosis also varies, although is commonly in the third through 
fifth decades. When symptomatic, the symptoms can wax and 
wane and include focal (back) pain, numbness, incontinence, 
and flaccid or spastic paraparesis.5 Cysts located dorsally 
are associated more with pain and numbness, and ventrally 
located arachnoid cysts with myelopathy.

Associated anomalies are also observed in the nonneur-
enteric cysts. Individuals with intradural teratomas can have 
a split cord malformation or a spina bifida occulta present 
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in 17  percent and 16  percent, respectively.6 In a large series 
of 27 cases, a tethered cord, neurocutaneous findings (der-
mal sinus), lipomyelomeningoceles, and myelomeningoceles 
were also noted.1 In total, some form of spinal dysraphism 
was observed in over 75  percent of those with a teratoma.1 
Tethered cord, spina bifida, and diastematomyelia are also 
seen with dermoid and epidermoids. Dermal sinus is found in 
one of three individuals with a dermoid or epidermoid cyst. 
Arachnoid cysts have been commonly reported with a syrin-
gomyelia.7,8 Most cysts are sporadic, but there has been at least 
one report of siblings concordant for intraspinal arachnoid 
cysts.8,9 There have also been case reports of intraspinal arach-
noid cysts associated with neurofibromatosis and Marfan 
syndrome.10,11

The locations for the intraspinal cysts can be broadly 
divided into three main areas of the spinal canal. The extradural 
space is within the canal but outside the dura mater. The intra-
dural extramedullary space lies within the dura but outside the 
parenchyma, and the intradural intramedullary space is within 
the cord parenchyma.12 Teratomas are typically in the intra-
dural space, although epidural teratomas have been reported 
in a minority of individuals.6 In children, an intramedullary 
location for the teratoma is observed in 70 percent.1 Teratomas 
are often dorsal and can occur along the length of the spinal 
cord from the cervical region to the filum terminale.6 Presacral 
and precoccygeal teratomas are the more common childhood 
tumor, and these more commonly experienced teratomas can 
extend, albeit rarely, into the intradural space.13 Epidermoid 
and dermoid cysts can be present in both intradural intra-
medullary and extramedullary spaces. Dermoid cysts are often 
found in lumbosacral and cauda equina locations, although 
they also occur in cervical and thoracic regions.3 Epidermoid 
cysts are more often thoracic than lumbar and can occur in 
both.14 Arachnoid cysts are classified by their location within 
the canal and can be seen in the extradural space, with or with-
out nerve root involvement, and in the intradural space.15 They 
are more often seen at the thoracic level.16

Histopathology is a key determinant in the diagnosis of an 
intraspinal cyst. The intraspinal teratoma can be differentiated 
from other intraspinal cysts by the presence of tissue derived 
from three primitive germ layers. These elements show a lack 
of ordered relationships, and the tissues originating from 
embryonic foregut are not as commonly seen as in the com-
plex neurenteric cyst, which can also contain tissue from more 
than one germ layer. The epidermoid and dermoid cysts are 
broadly considered part of a continuum in their pathology. The 
epidermoid cyst is lined by a stratified squamous epithelium 
and with a capsule of connective tissue, and has the descrip-
tive term by Cruveilhier as tumeur perlees or “pearl tumor.”14 
The dermoid cyst is similar but with addition of sebaceous and 
sweat glands and hair with hair follicles. It has been described 
as a “buttery-yellow” cholesteatoma. Arachnoid cysts are also 
referred to as arachnoid diverticula and are lined by meningo-
thelial cells and filled with cerebrospinal fluid.

The underlying etiology of a teratoma is unknown. One 
traditional hypothesis states that they arise from primor-
dial cells misplaced into midline structures.17,18 Another 
hypothesis suggests that a single insult (due to genetic and/

or environmental factors) occurs early in development and 
causes the early mesenchymal cell mass to differentiate into a 
teratoma.17 The pathogenesis of the dermoid and epidermoid 
cysts is also not clearly understood; however, the congenital 
form is hypothesized to be due to an error in neural tube clo-
sure.3 Acquired forms of these cysts have been associated with 
repeat lumbar punctures and suggests that they arise from the 
introduction of skin ectoderm in the spinal canal.3 An expla-
nation for arachnoid cyst development has been debated with 
many theories and currently involves a passive fluid move-
ment into the cyst by abnormal CSF fluid dynamics and an 
osmotic gradient.7,19

All intraspinal cysts are considered rare. Intradural tera-
tomas are reportedly observed in 0.2–0.5  percent of spinal 
tumors.1 There is a striking male preponderance for those with 
intradural teratomas, with 4.4 males for one female. There 
does not seem to be a marked difference in the sex ratio for 
dermoid or epidermoid cysts.14 Dermoid cysts account for 
0.8–1.1 percent and epidermoid cysts for 0.7 percent of intra-
spinal tumors.20,21 Intraspinal arachnoid cysts are also rarely 
observed. In a series of 99 pediatric spinal lesions, only one 
arachnoid cyst was observed.22

Treatment: The only treatment for intraspinal cysts is sur-
gical resection. Removal of dermoid and epidermoid cysts 
can be difficult, as the cyst walls adhere tightly to the spinal 
cord and nerve roots. However, if the contents of the cyst are 
completely removed there is an improvement in neurological 
function.3 The asymptomatic arachnoid cyst can be followed. 
If symptomatic, surgery can be considered with a posterior 
approach and multiple-level laminectomy.

Prognosis: After removal of a cystic teratoma, the prog-
nosis is typically considered good without recurrence if the 
associated anomalies, such as the tethered cord, are also cor-
rected. However, recurrence of dermoid and epidermoid cysts 
following removal occurs commonly due to the difficulty in 
removal of the cyst wall and the cyst’s residual contents.23 If 
the arachnoid cyst is removed entirely, there is good prognosis. 
However, only one-third will attain complete recovery.16
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11 | BRAIN AND SPINAL CORD

ROGER E. STEVENSON*

inTrodUCTion

Malformations involving the brain and spinal cord and their 
overlying bony structures and soft tissues are among the most 
visibly evocative and functionally devastating of the structural 
birth defects in humans. These malformations, collectively 
termed neural tube defects, are also among the most common 
major birth defects and contribute disproportionately to infant 
mortality and lifelong morbidity among survivors. The most 
frequent types are spina bifida, anencephaly, and encephalo-
cele (Fig. 11.I.1). Most infants with anencephaly are stillborn 
or die soon after birth. With early surgery and medical sup-
port, 80–90 percent of live born infants with spina bifida sur-
vive infancy. They usually have long-term disabilities that may 
include lower limb paralysis and lack of bowel and bladder 
control. They may also have hydrocephaly and intellectual dis-
ability. Infants with encephalocele usually survive as well, but 
often have residual neurologic impairments following cranial 
surgery if brain tissue is involved in the encephalocele.

Neural tube defects have been recognized since antiquity. 
Descriptions of affected infants with accompanying politi-
cal or societal omens are found in Babylonian tablets from 
approximately 2000 bc.1,2 The oldest known specimen is a 
human anencephalic mummy that was discovered in a sar-
cophagus reserved for sacred animals at Hermopolis on the 
Nile.3 Research on neural tube defects during the past century 
has focused on the epidemiology, embryology, prenatal detec-
tion, and prevention.4-8 The power of microarray and sequenc-
ing technologies has shifted the emphasis to identification of 
the genetic, genomic, and epigenetic contributions to these 
defects.

The majority of neural tube defects (~80 percent) occur as 
isolated birth defects with the other organs and structures of 
the body being normal. A  combination of genetic and envi-
ronmental factors is believed to cause isolated neural tube 
defects. A minority of cases (~20 percent) are associated with 
other birth defects (Table 11.I.1).9-12 Chromosome aberrations, 
amniotic band syndrome, Meckel-Gruber syndrome, and 
OEIS syndrome are the most common of the recognizable syn-
dromes with neural tube defects. An equal number of cases, 
which do not appear to represent known syndromes, have 
one or more other malformations—midface clefting, cardiac 
defects, and skeletal defects being most common.

Studies in Leeds, England, by Dr.  Richard Smithells and 
colleagues, first suggested that the B vitamin folic acid offered 
protection against the recurrence of neural tube defects among 
high-risk groups, namely women who had a previous preg-
nancy with a neural tube defect.8,13 The findings were confirmed 
in 1991 by the Medical Research Council (United Kingdom).14 
In this randomized case-control study, high-risk women who 
were supplemented with 4 mg of folic acid in the periconcep-
tional period had a 72 percent reduction in the recurrence of 
neural tube defects as compared to a control group of women, 
also at high risk, who received placebos or a multivitamin with-
out folate. A subsequent study from Hungary confirmed that 
the use of folic acid prior to and during the first few months of 
pregnancy had a similar protective effect against initial occur-
rences of neural tube defects.15 Based on these data and data 
from other studies, the US Centers for Disease Control and 
Prevention recommended that all women of childbearing age 
take 0.4 mg of folic acid daily and that women with a previous 
NTD-affected pregnancy increase the daily dose of folic acid to 
4 mg when they are actively trying to conceive.16,17

It is now widely accepted that the majority of NTD-affected 
pregnancies can be prevented by the simple measure of increas-
ing folic acid intake during the periconceptional period.18-20 
This may be done, at least theoretically, by dietary methods, 
supplementation, and fortification of dietary staples, or some 
combination of the three. Dietary sources that have high folic 

* Acknowledgement is made to Alasdair G. W. Hunter, who authored the chapter in Edition 2 of Human Malformations and Related Anomalies on which this update 
is based.

Spina Bifida Anencephaly Encephalocele

Fig. 11.I.1 The major types of neural tube defects (NTDs).



TABLE 11.I .1  Malformations and recognizable syndromes associated with neural tube defects*
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oMpH-  
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SCHiSiS

oTHEr VEnTral 

Wall dEFECTS Gi GU SKElETal oTHEr

Anencephaly 
n = 77

29 Amniotic bands—19 (66%)
Trisomy 18—5 (17%)
Other chromosome 

aberrations—4 (14%)
Other—1 (3%)

48 15 (31%) 10 (31%) 4 (8%) 6 (13%) 1 (2%) 3 (6%) 3 (6%)  6 (13%)  9 (19%) CNS—2 (5%)

Spina Bifida 
n = 89

50 Trisomy 18—22 (44%)
Triploidy—6 (12%)
Other chromosome 

aberrations—8 (16%)
OEIS—8 (16%)
Amniotic bands—3 (6%)
Other—2 (4%)

39  1 (3%) 14 (36%) 5 (13%) 6 (15%) 1 (3%) 3 (8%) 5 (13%) 13 (33%) 10 (26%) Pulmonary—1 (3%)
CNS—4 (10%)
Laryngeal—3 (7%)
Multiple anomalies—1 (3%)

Encephalocele 
n = 60

40 Amniotic bands—15 (38%)
Meckel-Gruber—11 (28%)
Chromosome 

aberrations—10 (25%)
Other—3 (8%)

20  7 (35%)  9 (45%) 1 (5%) 0 0 1 (5%) 2 (10%)  5 (25%)  0 Choanal atresia—1 (5%)
CNS—7 (35%)

*Data from South Carolina Neural Tube Defect Prevention Program, 1992–2013. See also Collins et al., 2011, Nielsen et al., 2006, Stoll et al., 2011, and Seaver and Stevenson 2006.9-12

Total number of NTDs—1,083; isolated cases—857 (79%); recognizable syndromes—119 (11%); NTDs with other malformations not representing a recognizable syndrome—107 (10%)
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acid content include leafy green vegetables, liver, legumes, 
nuts, and orange juice. Certain breakfast cereals now contain 
0.4 mg of folic acid in each serving. The US Food and Drug 
Administration authorized the fortification of cereal grain 
flours with folic acid and mandated that all enriched cereal 
grain products, including wheat flour, corn meal, and grits, 
be fortified by January 1998. The level of fortification (140 
mcg folic acid per 100 g milled flour), however, is inadequate 
to protect most pregnancies against neural tube defects. As a 
matter of practicality, daily supplementation with a multivita-
min containing 0.4 mg folic acid or consumption of certain 
fortified breakfast cereals appear to be the best methods to 
assure adequate intake of bioavailable folic acid.

The aforementioned treatment/prevention success not-
withstanding, neural tube defects continue to be among the 
most common of serious human structural defects. It is esti-
mated that among pregnancies with full folic acid protection, 
neural tube defects will continue to occur at about five to eight 
cases per 10,000 births in the United States.21,22

Overall, in the United States the current birth prevalence 
of spina bifida and anencephaly is four to eight per 10,000 live 
births/fetal deaths.23 Prevalence rates for NTD-affected preg-
nancies vary across the United States. Rates generally decrease 
as one goes west across the country, being highest in the south-
east and lowest in the northwest.24

A N AT O M I C A L  E M B RY O L O G Y

During the third week, signals from mesoderm, in the pre-
chordal plate and notochord induce the central region of 
overlying ectoderm to form the neural plate. The cranial-most 
region of this plate is wider and will form the brain; caudal 
regions are narrower and form the spinal cord. By the end of 
the third week, the lateral edges of the plate elevate to form 
the neural folds creating a depressed region in the midline 
called the neural groove. During the fourth week, the neural 
folds continue to rise and move toward the midline, where 
they come together and fuse. Fusion first occurs in the cervical 
region at the level of the fifth somite. From this point, fusion 
continues cranially and caudally in a zipper-like fashion, 
creating a closed neural tube. In the cranial region a second 
site of closure occurs at the cranial-most aspect of the neu-
ral plate, and then zippering is continued in both directions 
from this site until cranial closure is complete on day 25; the 
caudal-most region of the tube completes closure on day 28. 
Cranially, the tube is dilated to form the three primary brain 
vesicles; from the hindbrain caudally, it narrows considerably 
to form the spinal cord.

M O L E C U L A R  E M B RY O L O G Y

Elongation of the neural plate and approximation of the neu-
ral folds through convergent extension requires planar cell  
polarity signaling. These processes involve numerous signaling 
factors including VANGL2, INTU, FZDs, DVLs, and members 
of the WNT signaling pathway.25 Specification of the points of 
neural fold flexure appears to require BMP signaling. Fusion of 
the neural folds involves the activity of the transcription factors 

TFAP2A and GRHL, EFN signaling, and cell-specific cadherin 
expression.26 While the precise role of apoptosis in neural fold 
bending and fusion remains debated, genetic mutations in the 
apoptotic pathway have been demonstrated to cause disrup-
tion in neural tube closure.

A large number of studies have searched for genetic and 
genomic alterations in neural tube defects in humans. Because 
of the known protective benefits of periconceptional folic acid 
supplementation, and the association with neural tube defects 
with maternal obesity and diabetes, many studies have under-
standably focused on genes that are involved in folate and glu-
cose metabolism. Others have investigated genes involved in 
signaling pathways (particularly WNT, SHH, and retinoic acid 
signaling); genes that influence apoptosis, cell cycle, cytoskel-
eton, extracellular matrix, and cell surface; and the regulatory 
machinery controlling these genes.27-29 Combined chromo-
somal abnormalities account for approximately 5  percent of 
neural tube defects, copy number variants for <1 percent, and 
all single gene alterations <5  percent. Table 11.I.2 shows the 
reported genetic/genomic risk factors as well as recognized 
environmental risk factors.

Agopian et  al. attributed 28  percent of spina bifida and 
44 percent of anencephaly in the United States to known envi-
ronmental risk factors, the five most important being maternal 
Hispanic ethnicity, maternal obesity, low dietary folate intake, 
female infant sex, and lack of folic acid supplementation in the 
periconceptional period.37 They suggest that genetic factors are 
responsible for a substantial portion of neural tube defects but 
point out that no major NTD genes have yet been found in 
humans.

Clearly, there exist a number of gaps in the understand-
ing of neural tube defects issues that have not been resolved 
by embryological, epidemiological, and traditional genetic/
genomic technologies.

A major issue is whether or not there exist genetic pre-
dispositions that permit environmental influences to either 
protect or make the embryo more vulnerable to neural tube 
defects. How does folic acid work to reduce the risk of neural 
tube defects? Does folic acid supplementation only work when 
there is a genetic impediment to the utilization of folic acid? 
Does maternal diabetes or prenatal valproate exposure con-
tribute to neural tube defects only in those fetuses or mater-
nofetal combinations with specific genotypes? Most mothers 
of infants with NTDs are not folate deficient, although it might 
be argued that the mother’s folate reserve may be insufficient 
for her needs plus those of a rapidly dividing embryo.

Since mice and humans utilize a more or less similar process 
in neural tube closure, it might be anticipated that mutations in 
mouse genes that are associated with neural tube defects could 
serve as clues to identifying genes involved in neural tube clo-
sure in humans. Mutations in more than 250 mouse genes are 
known to cause neural tube defects.38 However, human studies 
relying on candidate genes from mouse mutants have been dis-
appointing. The planar cell polarity genes are a rare exception, 
where the genes have been found to be implicated in both mice 
and humans.29,35

The traditional genetic and genomic approaches to identi-
fying the genetic contributions to neural tube defects have been 
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frustrated by throughput limitations, inconsistent results, and 
lack of available specimens. The extent to which tissue-specific 
alterations, defects in the regulatory machinery, epigenetic dis-
turbances, or other influences that evade detection have com-
pounded the frustration is not known.

Embryological questions persist as well. What types of neu-
ral tube defects represent primary neurulation defects, and what 
types, if any, represent post-neurulation or secondary neurula-
tion defects? Are formes frustes (cutis aplasia congenita, lipo-
myelomeningocele, multiple vertebral segmentation dysplasia, 
sacral meningocele) legitimate failures of neural tube closure?
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11.1 anEnCEpHalY

(Acrania, Holoacrania, Meroacrania, Holoanencephaly, Meroanencephaly, Exencephaly, Craniorachischisis)

Definition: Failure of complete cephalic neural tube closure resulting in incomplete calvaria formation and exposure of brain 
and meninges.

ICD9/ICD10: 740.000-740.080/Q00.0-Q00.1 Syndrome Associations (Appendix)
Cantrell Pentalogy
Facial duplication-anencephaly
Waardenburg I (PAX3)
Trisomy 18
Amniotic bands
Maternal diabetes
Maternal hyperthermia
Prenatal aminopterin exposure

Birth prevalence: 1/3,000 – 1/12,500

Associated anomalies: facial clefting, cardiac, GU, GI, 
and other anomalies in 15-20%

Laboratory studies: AFP in maternal serum or amniotic 
fluid, chromosome analysis

Prenatal diagnosis: ultrasonography reliable

Cause: multifactorial, chromosomal, environmental, rarely 
Mendelian

Anencephaly is immediately apparent at birth because of 
partial or complete absence of calvarial bones and exposed 
cephalic neural tissue. In many cases, spinal dysraphism 
involving the cervical and thoracic spine is also present, 
resulting in exposure of the upper spinal cord. The exposed 
brain usually appears as a spongy mass of connective tissue, 
collagen, and vascular channels, termed area cerebrovascu-
losa. This results from intrauterine destructive and regenera-
tive processes, which may appear as a transformation from 

exencephaly to anencephaly if viewed sequentially via antena-
tal ultrasonography.

Complete absence of the calvaria with exposed brain 
(holoanencephaly) accounts for about 65  percent of cases 
and is often associated with spinal dysraphism (Figs. 11.1.1, 
11.1.2, ).1 In the latter situation the cervical spine is often 
markedly retroflexed, causing the infant to gaze upward in a 
position similar to iniencephaly, with which it should not be 
confused. The frontal bone and parietal and occipital squamae 
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are rudimentary, the occipital foramen is open posteriorly, and 
the skull base and remaining cranial bones are abnormal. The 
orbits are shallow and the eyes deviate laterally and are pro-
ptopic (Fig. 11.1.1). The cranial nerves are hypoplastic and end 
proximally in the cerebrovasculosa.

Meroanencephaly is a milder defect of cephalic neu-
ral tube closure, as there is partial skull formation with the 

cerebrovasculosa protruding through a midline defect (Fig 
11.1.3). Although often described as rare, it may account for up 
to 35 percent of cases.1 In a prospective study of anencephaly, 
no recognizable cerebral tissue could be found in 68 percent of 
cases while in the remainder there was some, usually dysplas-
tic, cerebral, cerebellar, or brainstem tissue.2

The natural history of anencephaly is about evenly divided 
between livebirths and stillbirths. Polyhydramnios is reported 
in about three-fourths of cases and, while the majority are born 
prematurely with a mean gestation of 37.5 weeks, those who 
are premature are less likely to present with polyhydramnios.1 
In the absence of aggressive support, most infants will die 
within 48 hours of birth, and a history of prolonged survival 
of an anencephalic newborn should lead to reconsideration of 
the diagnosis. The prime differential is amniotic band disrup-
tion, which may come to resemble anencephaly superficially 
but which can be distinguished by the specific pathology of 
the brain and other evidence of constriction bands. The possi-
bility that anencephaly might sometimes give rise to amniotic 
bands should be kept in mind, especially in regard to genetic 
counseling.3

Disagreement continues as to whether the adenohypophy-
sis is always present, albeit often ectopic.1 It is agreed that the 
neurohypophysis may be present or absent. Lack of the hypo-
thalamus, and hence the production of ACTH, results in an 
involution of the fetal adrenal cortex and thus small adrenal 
glands with adult architecture, with absence of the fetal cortex. 
Overall growth is not significantly affected, as insulin is the 
major fetal growth hormone; the thyroid axis remains intact. 
Absence of the normal pituitary axis may account for the fre-
quent occurrence of micropenis in males.

Other malformations are reported in 15–20  percent of 
infants with anencephaly.4-6 A similar percentage of other mal-
formations are found with spina bifida, but a twofold higher 
frequency is found with encephalocele. Forty percent of infants 
with anencephaly and other malformations represent recog-
nizable syndromes, notably chromosomal and amniotic band 
syndromes. Among those infants with anencephaly and other 
malformations that do not appear to represent a recognizable 
syndrome, 30 percent have facial clefting, 30 percent cardiac 
defects, and 20  percent skeletal anomalies. Fifteen percent 
or less have findings that may include diaphragmatic hernia, 

 

Fig. 11.1.1 Frontal and posterior views of infant with anencephaly.

Fig. 11.1.2 Posterior photograph of newborn with iniencephaly and associated 
craniorachischisis demonstrating upward-looking face. (Courtesy of 
Department of Pathology, Children’s Hospital of Eastern Ontario, Ottawa.)
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omphalocele, gastroschisis, gastrointestinal defects, or genito-
urinary defects. It should be noted that diaphragmatic hernia 
and ventral body wall defects may plausibly be secondary to 
the limited intraabdominal space imposed by spinal curvature 
and/or shortened trunk that may accompany anencephaly and 
craniorachischisis.

The diagnosis can be made reliably in the first trimester, 
but the ultrasound findings differ from those later in gesta-
tion.7 The exencephalic cerebral hemispheres may retain the 
expected configuration and float surrounded by amniotic 
fluid. Measurement of crown–chin to crown–rump ratio may 
assist diagnosis.8 Amniotic bands can be distinguished by 
asymmetry and the frequent presence of associated disrup-
tive changes.9 Craniofacial axial skeletal changes characteris-
tic of anencephaly can also allow distinction of patients with 
secondary amniotic bands.9 Vaginal probe ultrasound may 
provide additional clarity where the diagnosis is uncertain. 
Factors that reduce overall sensitivity include diagnostic error 
and failure to offer screening, which is often related to pre-
sentation late in gestation.10,11 About 75 percent of pregnancies 
with anencephaly in the United States are medically termi-
nated after prenatal diagnosis.12 Lower pregnancy termination 
rates occur in South America and higher termination rates in 
Europe and Asia.

Little progress has been made in identifying the genetic 
contributions to anencephaly. Chromosome aberrations have 
been found in 2 percent of cases, with trisomy 18 being most 
common.4 Potentially causative mutations in the planar cell 
polarity genes CELSR1, SCRIB, and SEC24B have been asso-
ciated with craniorachischisis.13,14 Additional mutations have 
been found in DACT1 in craniorachischisis and VANGL2 in 
anencephaly.15,16 Currently, only a small percentage of anen-
cephaly cases can be attributed to single gene mutations.17-19 
The possibility that anencephaly and other neural tube defects 
result from somatic mutations has yet to be explored, and pos-
sible contributions from epigenetic modifications or other reg-
ulatory influences on gene expression have not been reported.

Treatment: Anencephaly is a uniformly lethal malformation 
and no postnatal treatment is indicated.

Prognosis: Prior to the era of prenatal diagnosis, there was 
an approximate balance between stillbirths and livebirths.1 
There is a high early mortality among livebirths. Baird and 
Sadovnick, in a retrospective review, found 43  percent sur-
vived to 24 hours, 15 percent to greater than three days, and 
5  percent to seven days.20 Thirty-eight of 81 cases had addi-
tional malformations, the presence or absence of which was 
not found to influence stillborn versus liveborn status. One 
female survived eight days and one 14 days. In a study from 
Western Australia covering the years 1966–1990, 76.4  per-
cent died within 24 hours and none survived more than five 
days.21 In contrast, 9 percent of 205 anencephalic babies seen at 
Cedars-Sinai Hospital in Los Angeles between 1978 and 1982 
lived more than a week, and survival to seven and 10 months 
has been reported.2,22 Prolonged survival should lead to careful 
reassessment and consideration of alternate diagnoses such as 
the amniotic band syndrome.

REFERENCES

 1. Melnick M, Myrianthopoulos NC:  Studies in neural tube defects II. 
Pathologic findings in a prospectively collected series of anencephalics. 
Am J Med Genet 26:797, 1987.

 2. McAbee G, Sherman J, Canas JA, et al.: Prolonged survival of two anen-
cephalic infants. Am J Perinatol 10:175, 1993.

 3. Urich H, Herrick MK: The amniotic band syndrome as a cause of anen-
cephaly. Report of a case. Acta Neuropathol 67:190, 1985.

 4. Collins JS, Atkinson KK, Dean JH, et al.: Long term maintenance of neural 
tube defects prevention in a high prevalence state. J Pediatr 159:143, 2011.

 5. Stoll C, Dott B, Alembik Y, et al.: Associated malformations among infants 
with neural tube defects. Am J Med Genet A 155A:565, 2011.

 6. Nielsen LA, Maroun LL, Broholm H, et al.: Neural tube defects and associ-
ated anomalies in a fetal and perinatal autopsy series. APMIS 114:239, 2006.

 7. Cameron M, Moran P: Prenatal screening and diagnosis of neural tube 
defects. Prenat Diagn 29:402, 2009.

 8. Sepulveda W, Sebire NJ, Fung TY, et  al.:  Crown-chin length in normal 
and anencephalic fetuses at 10 to 14 weeks’ gestation. Am J Obstet Gynecol 
176:852, 1997.

 9. Keeling JW, Kjaer I:  Diagnostic distinction between anencephaly and 
amnion rupture sequence based on skeletal analysis. J Med Genet 
31:823, 1994.

 10. Williamson P, Alberman E, Rodeck C, et  al.: Antecedent circumstances 
surrounding neural tube defect births in 1990-1991. The Steering 
Committee of the National Confidential Enquiry into Counseling for 
Genetic Disorders. Br J Obstet Gynaecol 104:51, 1997.

 11. Boyd PA, Wellesley DG, De Walle HE, et al.: Evaluation of the prenatal 
diagnosis of neural tube defects by fetal ultrasonographic examination in 
different centres across Europe. J Med Screen 7:169, 2000.

Fig. 11.1.3 19-week fetus with meroanencephaly in which a rim of the calvaria is present.
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11.2 iniEnCEpHalY

(Iniencephaly Clausus, Iniencephaly Apertus, Craniorachischisis)

Definition: Failure of complete cephalic neural tube closure in the occipital region resulting in occipital calvaria defect, 
exposed brain and meninges, cranial retroflexion, cervical lordosis, and often cervical and upper thoracic rachischisis.

ICD9/ICD10: 742.200-742.290/Q00.2 Syndrome Associations (Appendix)
None

Birth prevalence: 1/1,000 – 1/100,000

Associated anomalies: clefting, cardiac, GU, GI and other 
anomalies in 20%

Laboratory studies: AFP in maternal serum and amniotic 
fluid

Prenatal diagnosis: ultrasonography

Cause: multifactorial, chromosomal

Polyhydramnios usually accompanies iniencephaly, and the 
marked distortion of fetal anatomy often leads to dystocia 
and the necessity for operative delivery. The infant tends to be 
short, with a disproportionately large head. The diagnosis is 
immediately apparent as the neck is severely retroflexed with 
the face looking upward and with exaggerated cervicotho-
racic lordosis (Fig. 11.2.1).1 The face is typically unaffected. 
The neck is absent, resulting in continuity of the skin of the 
mandible and thorax. A  defect of the occiput, together with 
partial or total absence of cervical and thoracic vertebrae, 
allows the brain and cerebellum to be in contact with the tho-
racic spine. Spina bifida, anencephaly, or encephalocele are 
frequently components of the overall presentation.2 Extensive 
rachischisis involving the occipital bone and the cervical and 
upper thoracic spine is usually present. The rostral portion of 
the brain and the upper spinal cord may be exposed or cov-
ered with skin. Holoprosencephaly has been described in 
some cases. A number of nonspecific central nervous system 
(CNS) anomalies, including microcephaly, polymicrogyria, 
glial heterotopia, cerebellar neuronal heterotopia, ventricular 
atresia, ventriculomegaly, and disorganized brainstem have 
also been reported.3-5 Several cases have had cerebellar anoma-
lies considered to share some features with the Dandy-Walker 
and Chiari anomalies and thus to resemble what has termed 

tectocerebellar dysraphia with occipital encephalocele and 
Chiari malformation type III.3,6

Non-CNS anomalies may be evident, some of them (e.g., 
pulmonary hypoplasia, chest deformation, diaphragmatic 
hernia, and omphalocele) plausibly being secondary defects 
produced by the shortened trunk and spinal curvature.4,7,8 
A minority of cases have cleft palate, cardiac defects, and situs 
abnormalities. Duodenal atresia was reported in five of 24 cases 
(21 percent) reported by Joo et al., and Wilson et al. reported 
a unique case of iniencephaly in which the posteriolateral bor-
der of the soft palate arose at the oral commissures, causing 
the palate to be anteverted with the uvula pointing forward.4,9

The pathogenesis of iniencephaly is uncertain. Gardner 
has argued that anencephaly with rachischisis and retroflexion, 
iniencephaly, and Klippel-Feil anomaly are part of the same 
spectrum.10 Guala et al. reported a sibship in which one fetus 
had iniencephaly, one fetus had anencephaly, and one child 
had Klippel-Feil anomaly.11 The current consensus is that most 
neural tube defects (NTDs) are disorders of closure, but exper-
imental data, including some by proponents of the closure the-
ory, show that on occasion a closed neural tube may reopen.1,12

Detailed radiological and pathological descriptions of 
fetuses and infants with iniencephaly have been reported.4,7,9,13 
The description of a 16-week-old fetus by Kjaer et al. is typical.13 
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Vertebrae in the thoracolumbar junction, which was con-
tiguous with the occipital squama, were disorganized and the 
notochordal remnants looped dorsally in that region. Above 
that level, the vertebrae were small and underossified with pos-
terior notches. Cartilaginous anomalies were noted, and the 
notochordal remnants had an abnormal star shape (normally 
ribbon-like) and were dorsal instead of ventral to the midpoint 
of the vertebral bodies.

In general the demographic variables associated with 
iniencephaly parallel those of anencephaly, although the 
female predominance is even greater in the former (10 to 1). 
This, together with a frequent concurrence of other NTDs, 
and a general similarity, if at a somewhat higher rate, of the 
type of associated extracranial anomalies, suggests a shared 
pathogenesis. Furthermore, anencephaly and iniencephaly 
involve the body axis posterior to the sella turcica, which is 
the upper limit of the notochord. Iniencephaly has a higher 
frequency of associated neurenteric anomalies that may 
tether the gut and prevent its normal descent to a position 
below the diaphragm.4

Iniencephaly may be difficult to distinguish from craniora-
chischisis with retroflexion of the cervical spine. In the latter, 
the cervical and thoracic vertebrae remain identifiable. This 
distinction may be arbitrary, as these lesions may represent 
variants of the same pathogenesis.

Ultrasound-based prenatal diagnosis of iniencephaly has 
been accomplished on a number of occasions.2,7,13,14 The diag-
nosis may be initially suspected on the basis of reduced fetal 

length and the abnormal flexion of the embryo. Confirmation 
requires careful examination of the occiput and foramen mag-
num and study of the vertebral bodies using median-sagittal 
imaging.

Treatment: Comfort measures are appropriate for this lethal 
malformation.

Prognosis: Iniencephaly has an extremely grave prognosis. 
Katz et  al. reviewed over 250 reported cases and found only 
four long-term survivors.15 Since then, a few additional sur-
vivors have been described, including a 17-year-old male and 
a 24-year-old female, both of whom were relatively mildly 
affected.16-19 Although the six-year-old boy reported by Amiri 
et al. had encephalocele and cervical vertebral anomalies, most 
survivors have had mild iniencephaly without encephalocele, 
severe anomalies of the cervical vertebrae, or other significant 
extracranial anomalies. These individuals are often first diag-
nosed as having a Klippel-Feil anomaly and they appear to 
have a reasonably good prognosis, which emphasizes the need 
for careful and thorough examination including karyotype and 
α-fetoprotein when this condition is suspected prenatally.
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Fig. 11.2.1 Near term female infant with iniencephaly.
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11.3 EnCEpHaloCElE

(Cephalocele, Cranial Meningocele, Meningoencephalocele)

Definition: Failure of complete cephalic neural tube closure resulting in a midline defect of the calvaria with exposed or 
skin-covered brain and meninges.

ICD9/ICD10: 742.000-742.090/Q01.0-Q01.9 Syndrome Associations (Appendix)
Acromelic-frontonasal dysplasia
Apert (FGFR2)
Craniotelencephalic dysplasia
Cranium bifidum
Dandy-Walker (NID1, LAMC1)
DK-Phocomelia
Donnai Meckel-like
Dyssegmental dysplasia, Silverman-Handmaker type 
(HSPG2)
Facio-auriculo-vertebral
Fronto-facio-nasal
Knoblock (ADAMTS18, COL18A1)
Meckel-Gruber [MKS1, MKS2 (TMEM216), MKS3 
(TMEM67), MKS4 (CEP290), MKS5 (RPGRIP1L), 
MKS6 (CC2D2A), MKS7 (NPHP3), MKS8 (TCTN2), 
MKS9 (B9D1), MKS10 (B9D2), TMEM237, C5orf42, 
TMEM231]
Renal-hepatic-pancreatic
Tsai Huang short rib-polydactyly
Pallister-Hall (tetrasomy 12p)

Birth prevalence: 1/10,000 – 1/15,000

Associated anomalies: cystic hygroma, cutis aplasia, eye, 
skull, facial clefts, brain and cardiac defects

Laboratory studies: AFP in maternal serum and amniotic 
fluid, gene sequencing, chromosome analysis

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian, environmental

The majority of encephaloceles occur along the midline of the 
cranium and are apparent upon examination of the newborn 
(Figs. 11.3.1, 11.3.2). Occipital lesions predominate in most 
series and may account for up to 75  percent of cases, while 
parietal, frontal, and nasal (frontoethmoidal and basal) lesions 
constitute 5–15 percent each. Nasopharyngeal lesions account 
for less than 2 percent.1-6

Encephaloceles range from very small size to those larger 
than the head, from pedunculated to sessile, and from being 
covered by normal skin and hair to covered by a thin mem-
brane that readily breaks down. Size is not the most criti-
cal prognostic factor, because a large mass may be a cranial 
meningocele without brain content, while a small lesion may 
be an encephalocele containing important brain tissue or may 
be associated with significant underlying CNS malformations. 
In most cases, encephaloceles can be readily distinguished 
from cephalohematomas, cysts, caput succedaneum, or cystic 
hygroma by physical examination. The intracranial connec-
tion can be demonstrated by routine skull radiographs (Fig. 
11.3.3). Additional neuroimaging techniques such as sonog-
raphy, CT, or MRI are essential to document the contents of 
the encephalocele and to search for the exceedingly common 
additional intracranial malformations. Of particular note 
are microcephaly, hydrocephalus, absent corpus callosum, 

and posterior fossa anomalies related to Dandy-Walker and 
Chiari malformations. The combination of an occipitocervi-
cal encephalocele, a small posterior fossa, and a caudally posi-
tioned brainstem is alternatively described as tectocerebellar 
dysraphia or Chiari III anomaly. It accounts for less than 1 per-
cent of Chiari malformations and may be associated with addi-
tional CNS lesions including agenesis of the corpus callosum, 
fused thalami, arhinencephaly, and syringomyelia.7

A classification involving the four major groups of occipi-
tal, encephalocele of the cranial vault (5 subtypes), frontoeth-
moidal (3 subtypes), and basal (4 subtypes) has been proposed 
(Table 11.3.1).8 Nasal encephaloceles include the frontoeth-
moidal group that present with a facial mass (Fig 11.3.4), and 
the basal group that are not visible but can cause upper airway 
obstruction or rhinorrhea. If the lesion is small it may remain 
asymptomatic until such time as it enlarges enough to obstruct 
the nares or begins to leak cerebrospinal fluid (CSF). Although 
the internal skull defect is midline, the external defect is influ-
enced by the surrounding facial skeleton, which can lead to 
a variety of observed lesions. In older children it can be dis-
tinguished from a nasal polyp because of its gray color and 
pulsations. Frontoethmoidal lesions are often accompanied 
by a cranium bifidum and varying frontonasal dysplasia. They 
may appear above the nasal bones (nasoethmoidal) or may 
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protrude into the orbit (nasoorbital) causing deformation of 
the eye.8 Basal encephaloceles are uncommon and affect about 
one in 35,000 births. Both the transphenoidal and the spheno-
ethmoid subtypes are commonly associated with optic nerve 
and hypothalamic-pituitary dysfunction.9 There may be an 
accompanying cleft palate.

Encephaloceles may also appear as small, parietal or occip-
ital, nonpedunculated alopecic or nodular lesions, which have 
been designated atretic encephaloceles.10 In this case the major 
differential diagnosis is that of cutis aplasia, which may itself 
have an underlying bony defect and is most commonly seen at 
or around the parietal hair whorl, but not necessarily exactly 
in the midline (Fig. 11.3.5). Drolet et al. pointed to a ring of 
coarse hair surrounding the scalp lesion as being suggestive of 
an underlying neural tube closure defect.11 The origin of atretic 
encephaloceles is presumed to arise from in utero involution of 
a small meningocele, and heterotopic glial rests may be found 
on histological examination. However, Drapkin12 proposed 
that some of these lesions, located in the region of the posterior 
fontanel, represent neural crest remnants. These anomalies 
contain leptomeningeal tissue, with or without dysplastic glial 

tissue, and are usually surrounded by fibrous tissue. In some 
there is no underlying defect, while in others a skull defect 
allows passage of a fibrous connection to the dura, through 
which it passes to connect via a distorted sagittal sinus to the 
falx at the dorsal midbrain or anterior cerebellar vermis. The 
masses may be solid or cystic, containing a CSF-like fluid, but 
there is no connection to the ventricular system. Associated 
brain malformations are rare, and most patients do well.

In some cases, cutis aplasia may in fact represent a forme 
fruste of a neural tube defect (NTD), and the family reported by 
Stevenson and DeLoache illustrates the point well.13 Multiple 
lesions or those well off the midline are unlikely to represent 
part of the neural tube spectrum, but in some cases the distinc-
tion may not be possible. Yokota et al. draw an important dis-
tinction between atretic parietal lesions, which they observed 
were all associated with hydrocephalus and dorsal cysts, and 
occipital locations, which consisted mainly of a small fibrous 
tissue core ending at the dura and which all had a favorable 
prognosis without need for surgical intervention.10 The latter 
appears to be the same condition that Schlitt et al. defined as a 
recognizable syndrome.14

A B

Fig. 11.3.1 A: Moderate sized and partially denuded meningoencephalocele in a 26 week fetus. B: Small, asymmetric encephalocele in a 16-year-old male. His 
family history included two other individuals with encephaloceles, one with anencephaly and one with cutis aplasia. (From Stevenson and DeLoache.13)

A

B

Fig. 11.3.2 A: Infant with large myeloencephalocele. The cranium is greatly reduced in size. B: Similarly large encephalocele in an infant with Meckel syndrome and 
less apparent reduction in cranial size.
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The high frequency of associated midline defects in enceph-
alocele, such as absent corpus callosum, dorsal cysts, and 
Dandy-Walker anomalies, support the view that neural tube 
closure was abnormal. The high frequency of hydrocephalus 
in occipital encephaloceles is usually attributed to disturbance 
of CSF dynamics due to entrapped brain tissue. However, the 
possibility remains that some cases of encephalocele may rep-
resent “blow-out” of brain through a point of least resistance 
due to early increased CSF pressure. This might account for the 
encephalocele seen in Apert syndrome, in which the coronal 

sutures are fused, the cranial base is short, and the midline 
sutural area is wide.15

Although encephaloceles are much less common than 
either spina bifida or anencephaly, they are overrepresented 
among known syndromes with NTDs and also appear to 
have a generally higher rate of associated non-CNS malfor-
mations than do other NTDs (Table 11.I.1).16-19 Hence, great 
care should be taken to search for additional malformations 
in any child with an encephalocele. This is equally true when 
the diagnosis is made by prenatal sonography. The differential 
diagnosis includes cystic hygroma, scalp edema, blebs, abnor-
mal ears, branchial cleft cysts, the amniotic band syndrome, 
and cloverleaf skull.20,21

Encephaloceles are commonly accompanied with other 
malformations (Table  11.I.1). Two-thirds of encephaloceles 
with associated anomalies comprise recognizable syndromes, 
notably Meckel-Gruber, amniotic band, and chromosome syn-
dromes.16-19 Amniotic bands and encephaloceles constitute a 
special case. The encephaloceles are not necessarily midline, 
may appear to be multiple, and may be attached directly to the 
placenta or entangled in bands of amnion. Cranial lobation with 
amniotic bands may be a better term to describe this association.

Other malformations that do not appear to represent rec-
ognizable syndromes may also be seen in association with 
encephalocele. Facial clefting, cardiac defects, and other cen-
tral nervous system malformations are most common, each 
occurring in about one-third of cases in this subgroup (see 
Table 11.I.1).

Demonstration of a bony defect under the putative 
encephalocele is critical to the diagnosis, although there is 

Fig. 11.3.3 Lateral radiograph of skull demonstrating soft tissue mass of an encephalocele and skull defect (arrows).

TABLE 11.3.1  Classification of Encephaloceles Based on  

the location of the Skull defect

 I. Occipital encephalocele
 II. Encephalocele of the cranial vault

A. Interfrontal
B. Anterior fontanel
C. Interparietal
D. Posterior fontanel
E. Temporal

III. Frontoethmoidal encephalocele
A. Nasofrontal
B. Nasoethmoidal
C. Nasoorbital

IV. Basal encephalocele
A. Transethmoidal
B. Sphenoethmoidal
C. Transphenoidal
D. Frontosphenoidal/Sphenoorbital

From Hoving 20008
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some disagreement as to whether it is always demonstrable.21,22 
Romero et al. caution that the cranial sutures may be mistaken 
for a defect on axial scans.23 The nonhomogeneous echo from 
brain contained within the sac is a further useful sign but is 
not always visualized, even when present.8 Concurrent brain 
anomalies such as hydrocephalus, posterior fossa cysts, or 
absent corpus callosum would favor the diagnosis of encepha-
locele. Cystic hygromas originate about the neck and contain 
multiple septa when associated with chromosomal defects, 
but are nonseptate with other anomalies. They attach to the 
midline and extend to the nuchal level.22,23 They are most often 
associated with Turner syndrome and often have associated 
fetal ascites. If amniocentesis is performed, either to rule out 
or to establish an associated chromosome diagnosis, it must 
be remembered that amniotic fluid AFP level is not always 
elevated with an encephalocele, and it may be elevated if fluid 
from a cystic hygroma is inadvertently sampled.

Among the neural tube defects, the greatest progress in 
identifying the underlying genetic contributions has been 
made with encephalocele. Chromosome aberrations have been 

identified in 6 percent of cases (see Table 11.I.1). Mutations in 
13 genes have been associated with Meckel-Gruber syndrome, 
which is the most common form of syndromal encephalocele 
(see Table 11.I.2).24,25

Treatment: Decisions regarding surgical treatment are influ-
enced by the size, location, and content of the lesion; the pres-
ence of intracranial anomalies; and the presence of non-CNS 
malformations. Very large encephaloceles, those containing 
cerebral cortex, and those associated with holoprosencephaly 
or microcephaly have a very guarded outlook for survival and 
function, and a decision not to intervene may be taken. In 
contrast, the majority of infants with a cranial meningocele, 
although associated with hydrocephaly, Dandy-Walker mal-
formation, or other posterior fossa cysts, do well with closure 
and shunting as required.

Prognosis: Although size of the encephalocele cannot be 
considered in isolation from other findings, it does correlate 
with outcome. In the series by Simpson et al., only two chil-
dren with lesions less than 5  cm did poorly compared with 
15 of 20 with encephaloceles greater than 5 cm.26 In the latter 
group, two of the five with good outcome had meningoceles. 
The onset of hydrocephalus or seizures is associated with a 
poor prognosis.27

In general patients with frontoethmoid encephaloceles 
have the best prognosis, and those with occipital malforma-
tions do better than those with parietal defects. The more 
rostral the parietal anomaly, the more guarded the outlook. 
The poor prognosis of the atretic parietal encephalocele with 
dorsal cyst has already been noted.10 However, this apparent 
correlation of prognosis with site reflects, in part, the likeli-
hood that the lesion will contain important cortex and the 
frequency of associated brain malformations. For example, in 
the series of Simpson et al., 12 of 21 occipital encephaloceles 
contained recognizable cortex and/or cerebellum, seven had 
glial nodules or rests, and two were not studied.26 Seven of the 
children were hydrocephalic and five microcephalic. Six of 10 
parietal encephaloceles contained cortex, three contained glial 

Fig. 11.3.4 Frontonasal encephalocele in a 10-month-old infant exposed prenatally to hydantoin.

Fig. 11.3.5 Single midline circular lesion of aplasia cutis congenita. The patient’s 
twin sister had a similar lesion.
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rests, and one was not studied; four had associated holopros-
encephaly, and two more were microcephalic. Most patients 
whose encephalocele contained only glial nodules or glial rests 
did well. However, 15 of 20 children in whom the encephalo-
cele contained parietal or occipital cortex had either died or 
were totally dependent for their care. In many cases surgical 
enlargement of the cranial cavity and preservation of the cere-
bral tissue and its vascular supply had been attempted.

Nasal encephaloceles are exceptions to the above discus-
sion, in that outcome is favorable in up to 70  percent, with 
about 20–25 percent suffering severe disability; this does not 
vary with size. Prognosis is determined more by the presence 
or absence of cerebral dysplasia.26,28 Surgical treatment has sev-
eral purposes that include preventing damage to the stalk and 
consequent infection and/or CSF leakage, watertight closure 
of the dura and closure of the bony defect to prevent further 
herniation of cranial contents, and correction of any cranio-
facial deformation.8,29 It is recommended that hydrocephalus 
be treated first and that a multidisciplinary team be involved. 
Three-dimensional CT has been found to be useful for sur-
gical planning.30 There is some disagreement as to whether 
a one-stage procedure to correct both the cranial and facial 
anomalies is the best approach. Frontoethmoidal and basal 
encephaloceles have an epithelial or skin covering, and this 
generally allows time for careful planning. However, treat-
ment should not be delayed such that further facial distor-
tion is allowed to occur. Mild to moderate hypertelorism will 
usually regress if the encephalocele is treated before the age of 
two years.28,31 In some cases treatment may be urgent because 
of nasal obstruction. With the exception of transsphenoidal 
lesions—which may contain parts of optic tracts, pituitary, 
hypothalamus and the circle of Willis—the sac usually con-
tains glial tissue that can be removed without consequence.8 
The precise surgical approach will vary with the size and loca-
tion of the lesion, but an intradural approach is recommended 
by some groups. Mortality, which used to be 7–20 percent, is 
now zero in several series.28,31

Encephaloceles comprise a significant fraction of prena-
tally ascertained CNS malformations, and accurate prediction 
of outcome is important for parents. A  proportion of cases 
die in utero, and it is likely not valid to extrapolate prognosis 
from livebirth data.32,33 Unfortunately, prenatal data are limited 
and do not always provide complete information. In a series 
of encephaloceles representing prenatal ultrasounds from the 
1980s, Goldstein et  al.32 presented a gloomy picture. Of 14 
primary cases, five pregnancies were terminated, two resulted 
in death in utero, four perinatal deaths occurred, and there 
were two survivors—one with an occipital lesion was severely 
delayed, and the solitary case of ethmoid encephalocele was 
developmentally delayed. Nine of the 14 had non-CNS anoma-
lies. Nine were karyotyped and four were abnormal. Cranial 
anomalies including ventriculomegaly, the lemon sign, partial 
absence of the corpus callosum, and microcephaly were com-
mon, and the authors were not able to accurately distinguish 
meningocele from encephalocele, both of which did poorly.

A later study by Bannister et al. presented a somewhat more 
optimistic result.33 Thirty-one fetuses with an encephalocele 

were divided into those with associated malformations (18) 
and those without associated malformations (13). They were 
further grouped as to whether the sac was seen to contain 
brain tissue, a nubbin of tissue, or no tissue. No information 
about chromosome or molecular testing was provided, but 
eight of the 18 complex cases had findings compatible with 
Meckel-Gruber syndrome. Thirteen of the 18 pregnancies 
were terminated, three fetuses died in utero, there was one 
perinatal death, and the one survivor, whose sac contained a 
nubbin of tissue, had significant problems. Of the 13 isolated 
cases, in seven the sac was judged to contain significant brain 
tissue; six were terminated and one died in utero. Of the six 
whose sac contained a nubbin or no tissue, all were liveborn, 
and at follow-up (ranging from 18 months to nine years) they 
had all shown normal milestones and had average school per-
formance. Two were reported to be clumsy. Thus, although the 
numbers were small the study suggests that with skilled appli-
cation of modern ultrasound technology, useful prognostic 
information can be obtained prenatally.
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11.4 Spina BiFida

(Rachischisis, Meningocele, Meningomyelocele, Myeloschisis)

Definition: Failure of complete spinal neural tube closure resulting in deficient posterior spinal elements and exposed or 
skin-covered spinal cord and meninges.

ICD9/ICD10: 741.000-741.090/Q05.0-Q05.9 Syndrome Associations (Appendix)
Cantrell pentalogy
Caudal duplication
Laterality
Lateral meningocele-abnormal facies
OEIS
Trisomy 18
Triploidy
Maternal diabetes
Prenatal valproate exposure

Birth prevalence: 1/2,000 – 1/5,000

Associated anomalies: facial clefting, cardiac, GU, GI, 
and other anomalies in 20%

Laboratory studies: AFP in maternal serum or amniotic 
fluid, chromosome analysis

Prenatal diagnosis: ultrasonography reliable

Cause: chromosomal, multifactorial, environmental

Spina bifida is the most common of the neural tube defects, 
accounting for about two-thirds of cases in most series. The 
spinal defect is usually apparent at birth, appearing as exposed 
spinal cord and meninges through defective vertebral arches or 
as a skin-covered mass overlying the spine (Figs 11.4.1, 11.4.2, 
11.4.3, ). Spina bifida is typically anticipated because of antena-
tal ultrasonographic detection.

Spina bifida can occur at any location along the spine and 
vary in size from a single vertebral level to the entire neuraxis. 
The relative proportion of spina bifida at the different locations 
varies according to ascertainment, but the data of Matson are 
representative: cervical, 3.7 percent; thoracic, 7.5 percent; tho-
racolumbar, 9.9  percent; lumbar, 42.2  percent; lumbosacral, 
27.7 percent; sacral, 8.6 percent; and anterior regardless of ver-
tebral level, 0.44 percent.1

Spina bifida can be reliably diagnosed prenatally early in 
the mid-second trimester using ultrasound. The earliest signs 
are splaying and other irregularities of the spine’s lateral ped-
icles or bulging along the contour of the back. Intracranial 
signs resulting from Chiari malformation follow and include 
the “lemon” sign (flattening or loss of convexity of the frontal 
calvaria) and the “banana” sign (posterior flattening or con-
vexity of the cerebellum).

Hydrocephalus complicates 90 percent of cases of lumbo-
sacral spina bifida and in 10 percent of cases will be apparent 
at birth.2 Hydrocephalus is generally associated with the Chiari 
malformation, but other changes such as aqueductal stenosis 
may be present in some infants and lead to uncertainty as to 
the primary cause of hydrocephalus. Significant ventricular 
dilation may occur before the head circumference increases 
abnormally. Cervical, thoracic, and sacral lesions are less often 
associated with hydrocephalus. Additional abnormalities may 
be noted at the site of the spina bifida and include cord dupli-
cations, lipomas, teratomas, dermoids, and vertebral body 
defects. MRI and CT, respectively, provide an assessment of 
the extent of the cord and vertebral malformations.

Evidence of neurologic impairment is apparent at birth 
and varies with the type, severity, and level of the lesion. The 
termination of the cord may be as low as L5, compared with 
the normal termination at T12–L1. Lesions below L2 primarily 
involve the cauda equina, and varus or valgus foot deformities, 
dislocated hips, and knee and hip contractures provide ample 
evidence of the prenatal onset of the paresis. Careful determi-
nation of motor and sensory levels, bladder function, and anal 
tone, together with radiologic evaluation and the definition of 
the scope of the lesion, are essential.
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In about 10 percent of spina bifida the malformation con-
sists of dorsal protrusion of fluid-distended meninges through 
the vertebral defect as a meningocele. This anomaly can usually 
be distinguished by its transillumination. The underlying cord 
and nerves are usually normal in their structure and course, 
although displacement into the sac may occur.3 Normal skin 
usually, but not always, covers the sac.

Meningoceles and spina bifida occulta (SBO) are usually 
asymptomatic at birth; the latter is in most cases a normal vari-
ant involving S1 and/or S2.4 However, both may be associated 
with findings such as diastematomyelia, spinal cord duplica-
tions, dermal sinuses, various tumors, and tethering of the 
cord. Tufts of hair, hemangiomas, lipomas, skin tags, or pig-
mented nevi over the spine may provide evidence of more sig-
nificant underlying dysraphism. Other spinal malformations, 
including anterior spina bifida and neurenteric connections, 
are considered in Chapter 10.

Other malformations are present in 15–20  percent of 
infants with spina bifida. The majority (55 percent) represent 
recognizable syndromes, the most frequent being trisomy 18, 
triploidy, other chromosomal aberrations, and OEIS (ompha-
locele, exstrophy of the cloaca, imperforate anus, and spinal 
defects) syndrome (Table  11.I.1).5-7 A  number of malforma-
tions that do not appear to represent recognizable syndromes 
may also occur. Among this subgroup, genitourinary, skeletal 
anomalies, and cardiac defects occur in 25–35 percent of cases, 
and gastrointestinal, diaphragmatic, and clefting defects occur 
in 15 percent or less (Table 11.I.1). It is not unreasonable to 
consider that ventral body wall defects and diaphragmatic her-
nia are secondary malformations, namely the consequence of 
the short trunk or spinal curvature present in many cases of 
spina bifida.

Fig. 11.4.2 Newborn with thoracolumbar myelomeningocele. Infant had clubfeet and mild hydrocephaly. The spinal lesion was membrane covered with irregular 
cutaneous borders (right).

Fig. 11.4.1 Dorsal photograph of fetus showing typical appearance of a low 
lumbar meningomyelocele.
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Treatment: In most medical centers, spina bifida is aggres-
sively treated without selection by teams of surgeons and 
pediatricians. Surgical closure of the defect is generally carried 
out within the initial 72 hours of life. While operative mor-
tality is low, complications include CSF leakage and infection 
at the closure site. Because of the high prevalence of Chiari II 
malformation and hydrocephalus, ventriculoperitoneal shunts 
are usually placed early, in some centers at the same time as 
the spine defect closure. In infants who are neurologically 
stable, some centers delay ventriculoperitoneal shunting fol-
lowing spine surgery to see if the ventricular size stabilizes or 
decreases.2

Recognition that the exposed spinal cord may be second-
arily damaged by amniotic fluid, friction, and pressure has led 
to early intervention with in utero surgery.8 The initial experi-
ence showed benefits including resolution of hindbrain herni-
ation with accompanying improvement in brainstem function, 
lower rate of shunting for hydrocephaly, and better lower limb 
neuromotor function.9 These promising results led to a pro-
spective randomized clinical trial to compare the outcomes of 
prenatal and postnatal surgery, which generally confirmed the 
benefits of the earlier nonrandomized trials of in utero surgery 
(Table 11.4.1).8,10

Bladder and bowel function experience biphasic insults, 
initially from the nerve disruption imposed by the neural tube 
defects and thereafter from secondary spinal cord tethering, the 
result of adhesions at the surgical repair site.11,12 Successful man-
agement is essential for renal protection and optimal quality 
of life. Most families and caretakers master clean intermittent 

catheterization as the primary measure to achieve urinary con-
tinence, a responsibility that can be assumed by most affected 
children by the early teen years. One-third of individuals may 
require surgical reconstruction of the lower urinary tract to 
accommodate easy catheterization and larger urine volume.11

Pressure sores, especially those over the ischial tuberos-
ity, dominate skin care issues, but attention must also be given 
to avoid burns or injury to areas with decreased sensation. As 
many as half of children with spina bifida have shown allergy to 
latex, often manifest as anaphylactic reactions during surgery.13

Prognosis: The overall childhood survival of infants with 
spina bifida has increased from about 10 percent in the 1950s to 
about 75 percent currently. Cognitive function in children with 
spina bifida is typically within the normal range, albeit below 
average. Intellectual disability is seen in a minority.14-17 Strength 
in social skills, reading, spelling, and expressive language are 
offset with weakness in writing, executive function, math skills, 
and attention. Shunt malfunctions and infections are usually 
significant complications when more severe disability is present.
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TABLE 11.4.1  Comparison of outcomes of prenatal and 

postnatal Surgical repair of Spina Bifida

prEnaTal 

rEpair

poSTnaTal 

rEpair

VP shunt placement 40% 80%

No or minimal hindbrain herniation 36%  4%

Severe hindbrain herniation  6% 22%

Walking at 30 months 42% 21%

Oligohydramnios 21%  4%

Increased risk of early rupture of 
amniotic membranes

46%  8%

Preterm delivery 79% 15%

Average gestational age at delivery 34.1 weeks 37.3 weeks

Summarized by Adzick8 and Adzick et al.10
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INTRODUCTION

Ocular malformations can occur in isolation or can accompany 
a multitude of other systemic abnormalities in the context of 
malformation syndromes. Also, several ocular malformations 
can coexist, resulting in complex but well defined clinical ocu-
lar phenotypes such as persistent hyperplastic primary vitreous 
and aniridia. Other malformations, such as Peters anomaly, 
anterior segment dysgenesis, optic nerve hypoplasia, microph-
thalmia, and the morning glory disc anomaly, are extremely 
variable in clinical appearance; but each have distinctive fea-
tures that allow their precise diagnosis and the administra-
tion of specific clinical tests to detect potentially very serious 
accompanying systemic malformations.

Major ocular malformations are diagnosed at or shortly 
after birth because of the appearance of the eye or poor 
vision. Less severe anomalies may only be detected later in the 
course of routine ocular examinations. Infants with multiple 
congenital anomalies are usually screened for ocular defects, 
which may be diagnostic and assist the clinician in syndrome 
identification.

Some ocular anomalies can be classified according to the 
presumed faulty ocular developmental process that has led to 
their formation; others result from abnormal induction, dis-
tribution, or resorption of specific embryonic cellular masses, 
such as the neural crest cells in anterior segment dysgenesis 
(Axenfeld-Rieger spectrum). The number of genes that are 
known to cause ocular malformations has increased in recent 
years, and clinical molecular genetic testing has become avail-
able that allows precise identification of underlying mutations 
and improved genetic counseling and prenatal diagnosis if so 
desired (Table 12.I.1).

The management of congenital ocular malformations 
continues to be challenging but can be rewarding. Substantial 
improvement in visual outcome is possible in cases in which 
early recognition of the anomaly results in correction of refrac-
tive errors, institution of strabismus and amblyopia therapy, 
and application of surgical techniques to clear the visual axis 
where ocular media opacification such as corneal opacities, 
cataracts, or hyaloid membrane remnants exist.

E M B RY O L O G Y

The embryonic eye first appears as a depression (optic pit) in 
the developing forebrain when the neural groove is still open.1,2 

After complete closure of the neural groove, the optic pits 
derived from neural ectoderm move away from the brain and 
toward the surface ectoderm and form single-layered optic 
vesicles. The connection between the optic vesicle and the fore-
brain constricts, forming the optic stalk. Subsequent invagi-
nation of the optic vesicle creates the optic cup, whose cells 
become the retinal pigment epithelium, neurosensory retina, 
ciliary epithelium, iris neuroepithelium, and constrictor and 
dilator pupillary muscles. The inner layer of the optic cup gives 
rise to the neurosensory retina, while the outer layer gives rise 
to the retinal pigment epithelium. At six weeks the inferiorly 
located embryonic fissure, through which the mesodermal pri-
mordium of the hyaloid system of blood vessels has entered, 
starts to close in the equatorial region, proceeding posteriorly 
and anteriorly. A  failure of closure of the embryonic fissure 
results in so-called “typical” inferior uveoretinal colobomas, 
which can be localized to the posterior segment of the eye or 
to the iris (a uveal structure and the most anterior part of the 

TABLE 12.I .1  Selected Ocular Malformations and 

Responsible Genes

OCULAR MALFORMATION INheRITANCe GeNe

Anophthalmia AR SOX2

Microphthalmia AD RAX

Microphthalmia, cataracts and iris 
abnormalities

AR CHX10

Oculorenal syndrome AD PAX2

Aniridia, Peters anomaly, anterior segment 
dysgenesis, foveal hypoplasia, autosomal 
dominant keratitis, congenital cataract

AD PAX6

Axenfeld-Rieger syndrome, 
iridogoniodysgenesis, Peters anomaly

AD PITX2

Anterior segment mesenchymal 
dysgenesis and cataracts, congenital 
cataracts

AD PITX3

Anterior segment dysgenesis AD FOXC1

Lymphedema-distichiasis, familial 
distichiasis

AD FOXC2

Blepharophimosis syndrome AD FOXL2
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fissure to close) or may extend from the optic disc anteriorly to 
involve the iris. Although all retinal layers, including the rod 
and cone photoreceptors, are distinguishable by week 12, they 
are not well developed until the eighth month of gestation. The 
macula continues to mature postnatally, and the infant does 
not attain full visual potential until age two to four years.

Lens development begins as a focal thickening of surface 
ectoderm overlying the optic cup. When the neuroectoder-
mally derived optic vesicle approximates the surface ectoderm 
and starts to invaginate, the lens placode is incorporated into 
this structure, forming the lens vesicle that separates from the 
surface ectoderm by day 35. The posterior epithelial cells of 
the lens primordium elongate and differentiate into primary 
lens fibers. After filling the lens cavity, the nuclei of these cells 
disappear, and protein synthesis ceases. The anterior lens epi-
thelium continues to form secondary lens fibers that accumu-
late concentrically around the embryonic nucleus throughout 
life. The lens capsule is the basement membrane of the anterior 
lens epithelium.

Most of the remaining anterior segment structures are 
derived from neural crest. Neural crest cells form in the dorsal 
midline between the brain and surface ectoderm after closure 
of the neural groove and subsequently move rostrally to form a 
cellular cluster situated between the optic cup and the overly-
ing surface ectoderm. These cells migrate in three successive 
waves into the anterior segment of the eye, contributing to the 
development of the cornea, angle structures, iris, and ciliary 
region. The sclera, choroidal tissues, and surrounding orbital 
soft tissue and bone, as well as many structures of the head and 
face, are also derived from neural crest cells.

Development of the vitreous begins with the appearance 
of the hyaloid vasculature, which, along with the mesenchy-
mal cells and fibrillar material, forms the primary vitreous. 
The hyaloid vessels anastomose anteriorly with the system 

of blood vessels around the lens, and form the tunica vascu-
losa lentis that completely envelops and provides nutrients to 
the developing lens, the most metabolically active part of the 
embryonic eye. The secondary vitreous, an avascular and more 
compact fibrillar network, begins to replace the primary vitre-
ous at eight weeks, starting from the periphery of the globe 
and progressing toward the center, compressing the primary 
vitreal structures that regress and leaving in the newborn and 
adult eye a hollow, horn-like structure:  the canal of Cloquet. 
Occasionally, and in otherwise normal eyes, remnants of the 
primary vitreous persist as Mittendorf ’s dot on the posterior 
lens capsule or as a small fibrous veil over the optic disc, form-
ing the so-called Bergmeister’s papilla. In persistent hyperplas-
tic primary vitreous (PHPV), also referred to as persistence 
of the fetal vasculature (PFV), a major portion of the hyaloid 
system persists and is accompanied by fibrous proliferation in 
a small and malformed eye. The anterior portion of the tunica 
vasculosa lentis (pupillary membrane) and the central hyaloid 
artery are the last portions of the primary vitreous vasculature 
to disappear. Remnants of the pupillary membrane are also 
occasionally seen in otherwise normal eyes as thin pigmented 
strands projecting into the anterior chamber or attached to the 
anterior lens capsule by a small white opacity.

The well-orchestrated expression of a large number of 
developmental genes is essential for the normal formation 
of ocular structures and tissues. Mutations in genes such as 
PAX6, SIX3, FOXC1, among many others result in recogniz-
able patterns of ocular malformations. Table 12.I.1 lists ocular 
malformations and associated genes.

REFERENCES

 1. Sinn R, Wittbrodt J: An eye on eye development. Mech Dev 130:347, 2013.
 2. Heavner W, Pevny L:  Eye development and retinogenesis. Cold Spring 

Harb Perspect Biol 2012 Dec 1;4(12). pii:  a008391. doi:  10.1101/cshper-
spect.a008391.

12.1 ANOPhThALMIA

Definition: The apparent absence of the globe in an orbit that otherwise may contain normal adnexal elements.

ICD9/ICD10: 743.0/Q11.1 Syndrome Associations (Appendix)
Branchiooculofacial (TFAP2A)
Cerebrooculonasal
CHARGE (CHD7, SEMA3E)
Fraser (FRAS1, GRIP1, FREM2)
Fryns
Graham (microphthalmia syndromal 4)
Goldenhar-Gorlin
Lenz microphthalmia (NAA10, BCOR)
Matthew-Wood (microphthalmia syndromal 9, STRA6)
Waardenburg anophthalmia (SMOC1)
Trisomy 13

Birth prevalence: 1/25,000 – 1/150,000

Associated anomalies: hemifacial microsomia, orbital 
cavity growth retardation, bony orbital hypoplasia, 
microblepharon, midfacial hypoplasia

Laboratory studies: test for intrauterine infections, 
karyotyping and molecular genetic testing, renal 
ultrasonography, audiology, B-scan ultrasonography, CT 
and MRI

Prenatal diagnosis: ultrasonography, MRI, 
amniocentesis, chorionic villus sampling

Cause: chromosomal, Mendelian, environmental
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The lids in anophthalmia are typically structurally normal 
except for a decreased horizontal dimension (Fig. 12.1.1). 
Normal conjunctiva lines the inside of the lids and orbit, 
and there is a functioning lacrimal gland. Rudiments of 
optic vesicle–derived structures and structures derived from 
mesoderm and/or neural crest may be found on histopatho-
logic sectioning of the orbit in consecutive or degenerative 
anophthalmia (clinical anophthalmia) but not in primary or 
true anophthalmia. The orbit is shallow, and orbital volume 
remains small with increasing age, presumably because of 
absence of the trophic action of the globe on the orbit. Clinical 
anophthalmia may be unilateral or bilateral.

When unilateral, there may be contralateral microph-
thalmia. True or primary anophthalmia is extremely rare and 
results from failure of the optic vesicle to bud from the cerebral 
vesicle; the optic nerves and tract are usually absent.1-3 In sec-
ondary anophthalmia there usually are associated severe fore-
brain malformations such as holoprosencephaly, and affected 
fetuses are commonly spontaneously aborted. Consecutive or 
degenerative anophthalmia results from regression or degen-
eration of the optic vesicle.

Inherited isolated anophthalmia is usually autosomal 
recessive.4 Driggers et al. reported a child with isolated bilat-
eral anophthalmia and an apparent balanced chromosomal 
translocation:  46,XX,t(3;11)(q27;p11.2).5 Fantes et  al. found 
that this child had, in fact, a submicroscopic deletion that 
eliminated the SOX2 gene on chromosome 3 and that non-
sense mutations in SOX2 were present in four of 11 subjects 
with bilateral anophthalmia.6 SOX2 lies within an intron of a 
non-expressed gene, SOX2OT, and is expressed in neuroec-
toderm early in development. SOX2 protein interacts coop-
eratively with PAX6 in the induction of lens development and 
delta-crystallin expression. In bilateral cases of anophthalmia, 
a genetic cause can typically be identified in about 80  per-
cent of those affected; most commonly, heterozygous de novo 
mutations in OTX2 or SOX2 are present.7

Anophthalmia may be part of multisystem malforma-
tion syndromes such as the Waardenburg recessive anoph-
thalmia syndrome or the Lenz microphthalmia syndrome.8-10 
Waardenburg anophthalmia syndrome is characterized by 
intellectual disability, unilateral or bilateral clinical absence of 
the globe, distal limb abnormalities in the form of syndactyly, 
camptodactyly, or hypodactyly, plus other inconsistent malfor-
mations. Lenz syndrome is X-linked and is characterized by 
microphthalmia or clinical anophthalmia, simple ears, cardio-
vascular and urogenital anomalies, and distal limb abnormali-
ties such as clinodactyly or duplication of the thumb.

Treatment: Maintenance of the surrounding adnexal structures, 
orbital volume, and conjunctival forniceal depth by insertion of 
conformers of increasing sizes into the orbit is the mainstay 
of treatment.11,12 Surgery involving fixed or expandable orbital 
implants using a dermis-fat graft or orbital reconstruction may 
be needed. Protection of the contralateral healthy eye in unilateral 
cases, and early psychosocial therapy, can have a beneficial role.

Prognosis: Permanent severe visual impairment.

Fig. 12.1.1 Clinical anophthalmia. Infant with apparent bilateral anophthalmia 
with small orbital and normal adnexae (top). Middle and bottom photos 
show another infant who appears anophthalmic with lids closed. Extreme 
microphthalmia is evident when lids are separated.
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12.2 MICROPhThALMIA AND TyPICAL UVeAL COLOBOMA

Definition: Microphthalmia refers to an eye that is reduced in volume. The corneal diameter is usually less than 
10 mm and the anteroposterior globe diameter is less than 20 mm. A coloboma, defined as an absence or defect of 
ocular tissue, usually involving the uvea (choroid, ciliary body, and iris) or retina due to failure of the inferonasal 
fetal fissure to close properly, may be present in a microphthalmic or normal-sized eye.

ICD9/ICD10: 743.10/Q11.2 Syndrome Associations (Appendix)
Aicardi
Branchiooculofacial (TFAP2A)
Cat eye (dup 22q11)
Cerebrooculofacialskeletal (ERCC6)
CHARGE (CHD7, SEMA3E)
Goldenhar-Gorlin
Hallermann-Streiff
Lenz microphthalmia (NAA10)
Oculodentodigital (GJA1)
Trisomy 13
Prenatal rubella, toxoplasma, herpes virus, 
cytomegalovirus infection

Birth prevalence: microphthalmia – 1/6,000 - 1/50,000; 
coloboma, predominantly of iris – 1/7,000 - 1/20,000

Associated anomalies: hemifacial microsomia, orbital 
cavity growth retardation, bony orbital hypoplasia, 
microblepharon, midfacial hypoplasia, retinal dysplasias

Laboratory studies: test for intrauterine infections, 
karyotyping and molecular genetic testing, renal 
ultrasonography, audiology, CT, MRI

Prenatal diagnosis: ultrasonography, MRI, 
amniocentesis, chorionic villus sampling

Cause: chromosomal, Mendelian, environmental

Microphthalmia, anophthalmia, and coloboma are ocular 
defects that represent distinct phenotypes but are not uncom-
monly present together in an affected individual. Although a 
genetic cause is identified in the majority of cases in bilateral 
severe microphthalmia (clinical anophthalmia), underlying 
genetic causes in the other forms are mostly unknown.1

There is a wide spectrum of malformations ranging from a 
mild decrease in the diameter of the eye to extreme microph-
thalmia or clinical anophthalmia, in which remnants of optic 
vesicle-derived structures can only be detected on serial his-
tologic sections of the orbit.2 About 0.6–1.9 percent of blind 
adults have microphthalmia/coloboma, and 3.2–11.2 percent 
of blind children have microphthalmia.3-5

The diagnosis of microphthalmia can generally be made by 
inspection of the eye (Fig. 12.2.1). The cornea is small but may 
be of normal size in posterior microphthalmos.5,6 Microcornea 
can occur in the absence of microphthalmia as a dominant or 
recessive trait. There may be a coloboma of the iris (Fig. 12.2.1), 

Fig. 12.2.1 Bilateral colobomas of the iris in a patient with the Lenz 
microphthalmia syndrome. Note smaller palpebral fissure and cornea on 
the left.
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choroid (Fig. 12.2.2), and/or optic nerve. Cataracts may be 
present. Microphthalmic eyes usually have high hypermetro-
pic refractive errors but may be myopic. The diagnosis of bor-
derline cases can be confirmed by measuring the diameter of 
the eye using ultrasonography. The average adult ocular axial 
length measures approximately 24  mm. Prenatal diagnosis 
with ultrasonography may be possible if the size of the eye is 
significantly reduced.

Microphthalmia can be unilateral or bilateral and may or 
may not be associated with a uveal coloboma, hence its gen-
eral classification into colobomatous and noncolobomatous. 
Asymmetric reduction of the volume of the eyes is common 
in bilateral cases. Large colobomas may produce a white reflex 
from the pupil (leukocoria) and have been confused with 
retinoblastoma.

The ocular complications of microphthalmia/coloboma 
include high refractive errors, angle-closure glaucoma, cata-
racts, macular or optic nerve involvement, subretinal neovas-
cularization, and, rarely, retinal detachment.

Colobomas result from failure of closure of the fetal fis-
sure in the invaginated optic vesicle. This process is usually 
completed by week six of gestation. Since the fetal fissure is 
located inferiorly, “typical” colobomas are inferonasal and may 
involve iris, ciliary body, and/or inferior choroid. The optic 
nerve head may also be included in the colobomatous defect. 
Eyes with colobomas may be of normal size but are generally 
microphthalmic. A posterior or inferior cyst may form in the 
area of defective closure, producing microphthalmia with cyst. 
Patients with this condition can present with a bulging of the 
inferior lid and a superior displacement of the globe by the 
cyst.7 The pathogenetic mechanisms leading to microphthal-
mia are unclear. The coordinated expression of a large num-
ber of developmental genes is necessary for normal ocular 
and optic nerve development, and the pathways and inter-
actions between these genes are currently being elucidated. 
Degeneration of the developing optic vesicle results in second-
ary or consecutive anophthalmia.

Microphthalmia can be isolated or familial, or can occur 
in a number of single gene, chromosomal, and embryopathic 
multisystem malformation syndromes.8-11 It is estimated that 
15–30  percent of patients with microphthalmia/coloboma 
have the CHARGE association.10 In a review of 1313 cases of 
microphthalmia/coloboma, Fujiki et al. found that 15 percent 
were autosomal recessive, 22  percent were autosomal domi-
nant, and the rest were isolated.12 Dominant microphthalmia/
coloboma may be isolated or may be associated with con-
genital cataracts or with myopia and ectopic pupils. Variable 
expressivity is the rule in familial occurrences, with some 
family members exhibiting severe microphthalmia and oth-
ers only small asymptomatic uveal colobomas in normal-sized 
eyes; hence the importance of ocular examination of all fam-
ily members. Because of incomplete penetrance, Fujiki et  al. 
estimated that, in families with dominant microphthalmia/ 
coloboma, unaffected individuals have an 8.6 percent chance 
of having an affected offspring.12

Percin et  al. described mutations in the homeobox gene 
CHX10 (14q24.3) in two families with autosomal recessive, 
nonsyndromal microphthalmia, iris abnormalities, and colo-
boma.13 Like other homeobox proteins, CHX10 is a tran-
scription factor that binds to specific DNA sequences in the 
regulatory regions of other genes and affects their transcrip-
tion during development. Chx10 mutations were previously 
found in the ocular retardation mouse model, which is char-
acterized by microphthalmia, a thin hypocellular retina, and 
optic nerve aplasia.14

One form of autosomal recessive complex microphthal-
mia was found by Bessant et al. to map to 14q32.15 Phenotypic 
features included sclerocornea (8/8 patients) with secondary 
corneal vascularization (6/8 patients) and staphyloma forma-
tion (3/8 patients), elevated intraocular pressure (5/8 patients), 
and short axial length (5/5 measured). These authors ruled out 
CHX10 and OTX2 as candidate genes in this pedigree.

Lehman et  al. reported a large Mexican-American 
pedigree with isolated X-linked recessive colobomatous 

Figure 12.2.2 Coloboma of the choroid and optic nerve head in the left eye. The right fundus shows a small coloboma just inferior to the optic nerve. Notice 
typical inferonasal location of the colobomas.
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microphthalmia that maps to either the proximal p or q arm of 
the X chromosome.16

Microphthalmia can result from intrauterine infection 
with cytomegalovirus, Epstein-Barr virus, rubella, toxoplasma, 
herpes simplex, and varicella. Maternal intake of thalido-
mide, alcohol, isotretinoin, and other medications can lead to 
microphthalmia in the offspring. Maternal fever or radiation 
exposure can also result in microphthalmia.

Treatment: The treatment of microphthalmia/coloboma 
depends on the severity of ocular involvement.4,17 Errors of 
refraction should be corrected. Cataract extraction is per-
formed if indicated and when the retina is attached and the 
size of the eye is not extremely small. Corneal transplantation 
can be performed if the cornea is opaque but with generally 
mediocre results.17 Prostheses are fit over very small blind eyes 
for cosmetic purposes.

Genetic counseling should be provided after examina-
tion of all available family members to determine the pos-
sible mode of inheritance in familial cases. The empiric risk 
of recurrence in a sibling is 2 percent if both parents are unaf-
fected and increases to 14 percent if one parent is affected. The 
yield of chromosomal studies is poor for isolated microph-
thalmia/coloboma but increases significantly if there is asso-
ciated intellectual disability and at least one other congenital 
malformation. Hypothalamic dysfunction has been reported 
in patients with microphthalmia, and the potential for devel-
oping hypopituitarism should be included in the counseling 
of these patients.

Prognosis: Visual prognosis with colobomas depends on 
the severity and location of the ocular defect. Microphthalmia 
commonly results in a significant visual impairment; how-
ever, there is potential for vision development based upon the 
severity of the reduced volume of the eye and the degree of 

adequate retinal development and anterior segment ocular 
characteristics.
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12.3 CyCLOPIA AND SyNOPhThALMIA

Definition: Single midline eye (cyclopia) or fused eyes (synophthalmia).

ICD9/ICD10: 756.0/Q87.0 Syndrome Associations (Appendix)
Agnathia-Otocephaly Complex (PRRX1)
Holoprosencephaly
Iniencephaly

Birth prevalence: unknown

Associated anomalies: holoprosencephaly, frontal 
proboscis, otocephaly, iniencephaly, agnathia, other 
ocular malformations (microphthalmia, uveal coloboma)

Laboratory studies: sequencing of genes associated with 
holoprosencephaly or other syndromes

Prenatal diagnosis: ultrasonography, gene sequencing if 
mutations are known

Cause: abnormality in the development of the forebrain 
and frontonasal processes
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Cyclopia and synophthalmia encompass a spectrum of ocu-
lar malformations stemming from an abnormality in the 
development of the forebrain and frontonasal processes.1 
The eyes, orbits, and most of the midfacial structures may be 
absent; the eyes and orbits may be normal but closely set and 
with a single nostril, or the malformation may fit into the 
spectrum between these extremes. Cyclopia (single median 
eye) and synophthalmia (fusion of eyes) are two distinct 

ocular malformations in this spectrum (Figs. 12.3.1, 12.3.2). 
The anterior part of the brain and the mesodermal midline 
structures are always abnormal in infants with synophthal-
mia or cyclopia. The process may involve only one side of 
the face.

Cyclopia is very rare and seems to occur preferentially in 
females. It has been reported in female sibs.2 Affected fetuses 
are usually aborted in the third trimester of gestation.

Fig. 12.3.1 Three infants with cyclopia with absent structures of anterior chamber (left), single midline eye with anterior chamber (middle), and fused eyes in the 
midline (right). From Vrolik W: Tabulae Illustrating Normal and Abnormal Development in Man and Mammals, Plates 54.1, 54.3, 54.5. Keys Printing, Greenville, 
SC, 2004.

Fig. 12.3.2 Two infants with cyclopia and alobar holoprosencephaly. A proboscis is located above the synophthalmia. (Courtesy of Drs. Charles I Scott Jr., 
A. I. duPont Hospital for Children, Wilmington, DE and Dr. Will Blackburn, Fairhope, AL)
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The globe in cyclopia may be relatively normal except 
for retinochoroidal coloboma and retinal dysplasia; however, 
the globe is usually severely malformed, with a rudimentary 
dysplastic retina and undifferentiated mesodermal tissue 
without an optic nerve. Intermediate degrees of abnormali-
ties can occur. Rarely an anophthalmic median orbit is found. 
In synophthalmia there is a variable degree of fusion of the 
two developing optic vesicles (Fig. 12.3.1). All structures may 
be single except for the presence of a large duplicated lens. 
Conversely, all structures may be duplicated except for a single 
optic nerve.3 The optic nerve may also be duplicated.

In less severe forms of this spectrum of deformities, there 
may be two separate eyes in a single median orbit or two sepa-
rate orbits set very close together in the midface. In such cases 
the forebrain is always affected with bilateral or unilateral 
arhinencephaly.

It is believed that the spectrum of holoprosencephaly/
cyclopia/synophthalmia results from a disturbance in the 
activity of the prosencephalic organizing center, with gross 
underdevelopment of the telencephalon and structures 
derived from the frontonasal processes and overgrowth of 
the maxillary processes that meet in the midline. A number 
of developmental genes are involved in this process. There is 
an association with holoprosencephaly.4 Mutations in Sonic 
Hedgehog (SHH) cause holoprosencephaly with or without 
cyclopia, with significant phenotypic variations among family 
members carrying the same mutation.5 Cyclopia has also been 

reported with mutations in SIX3, in patients with rearrange-
ments of chromosome 3, in trisomy 13, as well as other chro-
mosomal abnormalities.6-9

Treatment: There is no treatment for cyclopia or synoph-
thalmia.

Prognosis: Most affected fetuses are stillborn. Prognosis is 
very poor for life and for vision.
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12.4 CRyPTOPhThALMOS

(Cryptophthlamia)

Definition: An eye that is hidden behind skin that continues from the forehead onto the cheek, with no recognizable eyelid 
structures.

ICD9/ICD10: 743.06/Q11.2 Syndrome Associations (Appendix)
Delleman
Fraser (FRAS1, GRIP1, FREM2)
MOTA (FREM1)

Birth prevalence: unknown; probably <1:1,000,000

Associated anomalies: Peters anomaly, other ocular 
malformations

Laboratory studies: MRI of head, ultrasonography of eye

Prenatal diagnosis: chorionic villous sampling if 
mutation is known

Cause: Mendelian

In typical cryptophthalmos, the eye is usually malformed 
with anomalies ranging from anterior segment dysgenesis to 
microphthalmia. Francois divided cryptophthalmos into three 
types.1 In the first typical and complete form the eyelids are 
absent, and skin extends continuously from the forehead to 
the cheek, passing in front of the orbit where it forms a small 
depression. The eyebrows are poorly developed or nonexis-
tent. The anterior hairline at the temporal area extends forward 

to fuse with the malformed brow. The eyelashes, Meibomian 
glands, lacrimal glands, and lacrimal punctae are absent. The 
eyeball can be palpated through the skin, to which it is usually 
adherent. There is reaction to light with contraction of the orbi-
cularis, but the eye is usually microphthalmic with major dys-
plasia, usually more marked in the anterior segment, which is 
comprised of the conjunctiva, cornea, anterior chamber angle, 
iris, and lens. There is no conjunctival sac, and incision of the 
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skin often opens directly into the eye. In the second incomplete, 
atypical, or partial form of cryptophthalmos, there are rudi-
mentary lid structures, and a conjunctival sac may be present 
temporally. The eyeball is usually microphthalmic and covered 
with skin. In the third and least severe abortive form, the upper 
eyelid is adherent to the superior aspect of the globe, does not 
carry lashes, and continues over the cornea as an epidermal 
membrane. The free part of the cornea may be vascularized, 
opaque, or keratinized. The lower eyelid is normal but may 
lack a lacrimal punctum. The globe is generally of normal size. 
Cases in which there is typical cryptophthalmos on one side 
and abortive cryptophthalmos on the other side indicate that 
the two anomalies are equivalent (Figure 12.4.1). Cases have 
been reported with typical cryptophthalmos on one side and a 
dermoid, microphthalmia, or lid coloboma on the other side.

A fourth type of isolated cryptophthalmos also exists, in 
which the lids are formed with a full complement of adnexal 
accessories. The lid fissure is displaced inferiorly close to the 
inferior orbital rim, but the conjunctival sac is rudimentary 
and the globe is not visible. There is a wide upper lid that 
adheres to the underlying malformed globe, and there is a 
short lower lid. The family reported twice by Coover (the same 
family was also reported by Magruder) and the mother and 
daughter reported by Saal et al. are examples of this apparently 
distinct autosomal dominant syndrome in which cryptoph-
thalmos is not accompanied by intellectual disability or other 
congenital anomalies.2-4

Cryptophthalmos is most often accompanied by sys-
temic anomalies and inherited in an autosomal reces-
sive fashion, hence the terms cryptophthalmos syndrome, 
cryptophthalmos-syndactyly syndrome, syndromic cryptoph-
thalmos, and Fraser syndrome. The most prominent features of 
the cryptophthalmos syndrome include intellectual disability; 
dyscephaly with skull malformations, mostly in the region of 
the temples and forehead; anomalies of the auricles, ear canal, 
or inner ear; anomalies of the nose; laryngeal atresia; total or 
partial syndactyly of the toes and/or fingers; renal anomalies; 
and malformations of the genital organs, especially in females. 
Other less common malformations include anal atresia and 
umbilical hernias or a low-set umbilicus.

In a review of 86 cases of cryptophthalmos from the world 
literature, Thomas et al. set forth major and minor criteria for 
diagnosis of the cryptophthalmos syndrome.5 The major crite-
ria are cryptophthalmos, syndactyly, abnormal genitalia, and 
a history of a sib with the cryptophthalmos syndrome (Fig. 
12.4.1). Minor criteria include malformations of the nose, 
ears, and larynx; cleft lip/palate; skeletal defects; umbilical 
hernias; renal agenesis; and intellectual disability. To qualify 
for a diagnosis of the cryptophthalmos syndrome, patients 
should satisfy either two major criteria and one minor crite-
rion, or one major criterion and four or more minor criteria. 
Accompanying congenital anomalies may be severe, espe-
cially renal malformations such as renal agenesis or dyspla-
sia, resulting in spontaneous abortion, stillbirth, or neonatal 

Fig. 12.4.1 Left: Unilateral cryptophthalmos, syndactyly, nasal anomalies, and genital anomalies in a newborn female with Cryptophthlmos syndrome. 
Right: Cryptophthalmos syndrome in a 29-year-old female with intellectual disability showing partial absence of the eyebrows and lashes, rudimentary  
eyelids, broad nasal root, nasal coloboma, and repaired cleft lip and palate. (Left figure courtesy of I.T. Thomas, Wake Forest School of Medicine, 
Winston-Salem, NC)
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death. Indeed, the diagnosis of the cryptophthalmos syndrome 
should be considered even in the absence of cryptophthalmos 
if the remaining constellation of abnormalities is present. 
Cryptophthalmos is not necessary for the diagnosis of Fraser 
syndrome.6

There appear to be at least two genetic types of cryp-
tophthalmos:  syndromal (with congenital malformations of 
other systems) and isolated (without other malformations). 
Syndromal cryptophthalmos is inherited in an autosomal 
recessive fashion. Sporadic cases of isolated cryptophthalmos 
may be recessively inherited or may be due to new dominant 
mutations. Autosomal dominant transmission is most likely in 
the family reported by Saal and colleagues.2

The pathogenesis of cryptophthalmos is unclear. The lid 
fissure forms in the sixth month of gestation after the upper 
and lower eyelids have developed their complements of tarsus, 
Meibomian glands, and lashes. Defects in lid differentiation 
and in lid separation have been postulated to result in cryp-
tophthalmos. McGregor et al. determined that a locus FS1 at 
chromosome 4q21 is associated with Fraser syndrome and 
identified five frameshift mutations in FRAS1, which encodes 
one member of a family of novel proteins related to an extra-
cellular matrix blastocoelar protein found in sea urchin.7 
Fraser syndrome appears to be caused by disrupted epithelial 
integrity in utero.

Treatment: Surgical incision in the area of the palpebral fis-
sure may open directly into the anterior segment of the eye. 

The absence of a conjunctival sac and hence of a normal ocu-
lar surface makes the prognosis for a clear corneal graft very 
poor. Furthermore, the globe in typical cryptophthalmos is 
often malformed, rendering visual prognosis very guarded 
even if a good reaction to light is elicited through the skin 
covering the eyes. In partial or abortive cryptophthalmos, 
surgical intervention may result in cosmetic and functional 
improvement.

Prognosis: In complete cases, prognosis for vision is very 
guarded, with very limited success of any surgical interven-
tion. Some extensive surgical procedures have been tried.8,9
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12.5 BLePhAROPhIMOSIS

Definition: A general diminution of the palpebral aperture in all its dimensions and blepharoptosis.

ICD9/ICD10: 743.62/Q10.3 Syndrome Associations (Appendix)
Blepharophimosis-epicanthus inversus-ptosis (FOXL2)
Freeman-Sheldon (MYH3)
Ohdo, X-linked (MED12)
Schwartz-Jampel (HSGP2)

Birth prevalence: 1/10,000 – 1/100,000

Associated anomalies: superior orbital rim flattening, 
nasal bridge hypoplasia, epicanthus inversus, telecanthus, 
esotropia, inferior oblique overaction, low-set cupped 
ears, premature ovarian failure

Laboratory studies: gene sequencing

Prenatal diagnosis: unlikely

Cause: Mendelian

Characteristics not infrequently present are significant pto-
sis, dystopia canthorum, lateral displacement of the lacrimal 
puncti, or abnormalities of the lashes such as distichiasis 
or misdirected and stiff lashes (Fig. 12.5.1). The criteria for 
the diagnosis of blepharophimosis include (1)  a palpebral 
fissure length of 10–15  mm and a width of 2–4  mm, with 
measurements remaining almost constant throughout life; 
(2)  a flat nasal bridge; (3)  aplasia or hypoplasia of the leva-
tor palpebrae and tarsal plates with resultant ptosis, tautness, 

and transparency of the lid skin, immobility of the lids, and 
absence of the lid fold; (4) underdevelopment of the eyelashes 
that grow irregularly from the palpebral margin, a feature 
especially prominent in the upper lid; (5)  lateral displace-
ment of the lacrimal puncti and an elongation of the canthal 
ligaments and lacrimal canaliculi, resulting in a boat-shaped 
outline of the palpebral aperture; and (6)  lack of contact 
between the globe and the lids, especially nasally, resulting in 
epiphora.1



T h e   e y e  |  413

Patients use the frontalis muscle to elevate their lids; they 
also assume a chin-up head position to uncover their pupils, 
allowing them to see. The face appears expressionless, and 
there may be synophrys of thick eyebrows. The caruncle and 
semilunar folds are usually hypoplastic. The medial and lat-
eral canthal ligaments are elongated, and there is excessive 
soft tissue at the bridge of the nose with resulting telecanthus. 
Eye defects associated with blepharophimosis include strabis-
mus, nystagmus, amblyopia, colobomatous microphthalmia, 
anophthalmia, ptosis, epicanthus, epicanthus inversus, optic 
nerve hypoplasia, and microcornea.2,3

The Blepharophimosis syndrome, also known as the 
blepharophimosis-epicanthus inversus-ptosis syndrome or Kohn 
syndrome, is an autosomal dominant condition characterized 
by blepharophimosis, ptosis, telecanthus (increased measure-
ment between the inner canthi), and epicanthus inversus (a 
fold of skin running upward from the inner aspect of the lower 
lid into the medial canthus). Two types have been described, 
associated (type I) or not (type II) with premature ovar-
ian failure (POF).3 About 50 percent of cases are due to new 
mutations.

Blepharophimosis is a prominent feature of the Schwartz-  
Jampel syndrome.4 This syndrome is characterized by a small 
muscle mass, peculiar whistling facies, and skeletal abnormali-
ties. Blepharophimosis is also present in the dominantly inher-
ited Freeman-Sheldon syndrome (Whistling face syndrome, 
Cranio-carpo-tarsal syndrome).5 Patients with this syndrome 
have mask-like “whistling” facies, hypoplastic alae nasi, and a 
number of joint and skeletal abnormalities, the most promi-
nent of which is talipes equinovarus. Short palpebral fissures 
are present in Dubowitz syndrome, which combines growth 
deficiency, microcephaly, peculiar facies with a broad and 
flat nasal bridge, infantile eczema, and a number of occasion-
ally present malformations.6 This syndrome is inherited in an 
autosomal recessive fashion. Blepharophimosis can also occur 
in the Miller-Dieker syndrome, and in Ohdo syndrome with 
intellectual disability, congenital heart defect, blepharophimo-
sis, and hypoplastic teeth.

In a series of 153 cases of ptosis of genetic origin, 
Edmund found 12 cases with blepharophimosis.1 The gene for 
blepharophimosis-ptosis-epicanthus inversus syndrome maps 
to chromosome 3q23.7,8 The gene, FOXL2, codes for a tran-
scription factor and belongs to the forkhead family of genes. 
The type and location of mutations in FOXL2 correlate par-
tially with the phenotype. In a study of 43 patients, De Baere 
et al. found that for predicted proteins with a truncation before 
the poly-Ala tract, the risk for development of primary ovar-
ian failure is high.9 For mutations leading to a truncated or 
extended protein containing an intact forkhead and poly-Ala 
tract, no predictions are possible, since some of these muta-
tions lead to both types of BPES even within the same family. 
Poly-Ala expansions may lead to BPES type II. For missense 
mutations, no correlations can be made yet. Microdeletions 
are associated with intellectual disability. It is postulated that 
dominant negative mutations of FOXL2 could increase expres-
sion of follicle differentiation genes in small and medium fol-
licles to accelerate follicle development, resulting in increased 
initial recruitment of dormant follicles and thus the premature 
ovarian failure phenotype.10

Treatment: Surgical repair of the ptosis generally should 
be delayed until about age four or five years unless the lids 
occlude the pupil and the child cannot compensate by assum-
ing a chin-up posture posing a high risk of amblyopia.11 
Repair of the telecanthus and epicanthus is generally per-
formed before repair of the ptosis, but both can be repaired 
at the same time.

Prognosis: Visual prognosis is good unless there are major 
associated ocular abnormalities such as colobomatous 
microphthalmia, or there is occlusion or strabismic amblyopia.
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Fig. 12.5.1 Blepharophimosis syndrome with ptosis, synophrys, and epicanthus 
inversus.
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12.6 OTheR ANOMALIeS OF The eyeLIDS

ICD9/ICD10: 743.62/Q10.3 Syndrome Associations (Appendix)
Ablepharon-macrostomia
CHARGE (CHD7, SEMA3E)
Distichiasis-lymphedema (FOXC2)
Epidermal nevus (FGFR3, PIK3CA, HRAS, NRAS)
Ichthyosis
Kabuki (KMT2D, KDM6A)
Neu-Laxova
Oculoauriculovertebral
Treacher Collins (TCOF1, POLR1C, POLR1D)
Amniotic bands

Birth prevalence: 1/5,000 – 1/10,000

Associated anomalies: preauricular skin tags, 
macrostomia, ear anomalies, cryptophthalmia

Laboratory studies: ultrasonography, CT of orbit and 
skull if indicated

Prenatal diagnosis: unlikely

Cause: Mendelian, somatic mosaicism, environmental

E Y E L I D  C O L O B O M A

This is a full-thickness notch defect of the lid margin. The 
colobomas may be triangular or quadrilateral in shape. Upper 
eyelid defects (the majority of colobomatous lid defects) are 
usually nasal, whereas lower eyelid colobomas are temporal.1-3 
Colobomas of the eyelids occur in about 10 percent to 20 per-
cent of patients with Goldenhar syndrome, a variant of the 
oculoauriculovertebral spectrum (Fig. 12.6.1); the coloboma 
is usually present in conjunction with epibulbar dermoids 
and preauricular skin tags. Lower eyelid colobomas occur in 
Treacher Collins syndrome (Fig. 12.6.2). Upper and lower eye-
lid defects may also be present in the amniotic band syndrome.

D I S T I C H I A S I S

Distichiasis refers to the growth of true cilia in ectopic loca-
tions, in extra rows along the lid margin, and out of the orifices 
of Meibomian glands. The accessory row(s) of lashes are usu-
ally present on all four lids and run on the inner part of the 
intermarginal strip. The cilia may be soft and depigmented or 
fully developed and pigmented and may rub against the globe, 
resulting in corneal damage. Several families with autosomal 
dominant distichiasis have been reported in the world litera-
ture. The Distichiasis-lymphedema syndrome is inherited in 
an autosomal dominant fashion and combines distichiasis 
with lymphedema of the limbs, most often affecting the lower 
limbs below the knees.4,5 It results from mutations in the tran-
scription factor FOXC2.

O R B I TA L  H Y P E RT E L O R I S M

In hypertelorism there is an increased measurement between 
the two orbits. Hypertelorism is present in a large number of 
malformation syndromes (Entry 6.3).

T E L E C A N T H U S

Telecanthus refers to an increased measurement between the 
inner canthi (Fig. 12.6.3). The ratio between the inner canthal 

measurement and the outer canthal measurement is approxi-
mately 1:3. Telecanthus is a nondiagnostic abnormality in a 
number of multisystem malformation syndromes.

E P I B U L B A R  C H O R I S T O M A S

These are tumorous growths on the exterior of the eye derived 
from tissue not normally present at that location.6,7 Epibulbar 
and orbital choristomas are the most common epibulbar and 
orbital tumors in children. Four histopathologic types are rec-
ognized: (1) dermoids, which are made of collagenous connec-
tive tissue covered with epidermis; (2) lipodermoids, which, in 
addition, contain adipose tissue; (3) single tissue choristomas 
that consist either of dermis-like tissue or of ectopic mesoecto-
dermal tissue of one origin; and (4) complex choristomas that 
contain tissues of different origins. Clinically, dermoid cysts 
contain one or more dermal adnexal structures and are lined 
by keratinizing epithelium, epidermoid cysts have no adnexal 
structures, teratomas contain tissues derived from all three 
germinal layers, and teratoid tumors are derived from only two 
germinal layers.

Epibulbar choristomas are solid tumors of the ocular sur-
face that occur in one to three per 10,000 livebirths. They may 
be whitish, yellowish, or pinkish in color and vary from small, 
flat lesions at the limbus to large masses that cover most of 
the interpalpebral area. Lesions may be unilateral or bilateral, 
and multiple tumors have also been reported. Of 82 epibulbar 
choristomas reported by Ash, 52  percent were in the bulbar 
conjunctiva, 29 percent at the limbus, 6 percent in the cornea, 
4 percent in the caruncle, 4 percent in the canthal area, 2.5 per-
cent in the fornix, and 2.5 percent in the palpebral conjunc-
tiva.7 Associated ocular and facial abnormalities include scleral 
and corneal staphyloma, aniridia, congenital aphakia, cataract, 
miliary aneurysms of the retina, microphthalmia, osseous 
choristoma of the choroid, dermoid cyst of the orbit or eyelid, 
choristomatous malformations of the face and scalp, and pre-
auricular tags. Epibulbar choristomas that involve the cornea 
may induce astigmatism, necessitating their surgical excision 
and the optical correction of the astigmatism and the preven-
tion of amblyopia. Epibulbar choristomas are associated with 
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Goldenhar syndrome in the facio-auriculo-vertebral spectrum 
of anomalies.8 They can also be associated with the Epidermal 
nevus syndrome, which includes skeletal, neurologic, vascu-
lar, and dermatologic abnormalities.9 The choristomas in the 
Epidermal nevus syndrome are usually of the complex variety 
and may involve the whole ocular surface. Epibulbar choristo-
mas may be inherited, usually in an autosomal dominant fash-
ion but also in an X-linked recessive or autosomal recessive 
manner.10

Fig. 12.6.1 Dermoids. Top: orbital dermoid in upper outer quadrant, the 
most common location. Middle: computed tomography demonstrates 
cystic nature of the lesion (Courtesy of Dr. John F. Gillis, San Antonio, TX). 
Bottom: Epibulbar dermoid of the left eye associated with a coloboma of the 
left upper eyelid in Goldenhar syndrome.

Fig. 12.6.2 Temporal colobomas of the lower lids, downslanting palpebral 
fissures, malar hypoplasia, microtia, and micrognathia in a 10-year-old girl with 
Treacher Collins syndrome. (Courtesy of Dr. Charles I. Scott Jr. A.I. Dupont 
Hospital for Children, Wilmington, DE.)

Fig. 12.6.3 Schematic showing normal interpupillary and inner canthal 
measurement (top), telecanthus with normal interpupillary but increased inner 
canthal measurement (middle), and hypertelorism with increased interpupillary 
and inner canthal measurement (bottom).
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Episcleral osseous choristomas are rare whitish, pea-sized, 
raised lesions that occur 5–10 mm posterior to the limbus and 
are composed of compact bone vested by periosteum. These 
tumors are freely movable but may adhere to sclera or to extra-
ocular muscles.

Posterior episcleral choristomas have been described in 
patients with the organoid nevus syndrome. They are located 
close to or around the optic nerve head and appear as pale 
irregular lesions. They are highly reflective on ultrasonography 
and are also visualized on computed tomographic studies.11

M I C R O B L E P H A R O N

In microblepharon there is a vertical shortening of the 
lids. An extreme form of microblepharon is seen in the 
ablepharon-macrostomia syndrome characterized by absent 
hair, brows, and lashes, absent or short eyelids, macrosto-
mia, ear anomalies, redundant skin, and abnormal genitalia. 
Patients with this condition may have visual problems, often 
related to early corneal exposure. Hearing loss, poor hair 
growth, finger contractures, and growth retardation are also 
chronic problems. Mild developmental delay is present in 
two-thirds of patients.12 Ablepharon (no lids) should not be 
synonymous with cryptophthalmia.

E P I C A N T H U S

This abnormality refers to a fold of skin that covers the 
inner canthus of the palpebral fissure. There are four distinct 
types:  (1)  epicanthus supraciliaris, in which epicanthal folds 
arise from the region of the eyebrow and run toward the tear 
sac or the nostril; (2) epicanthus palpebralis, in which the fold 
arises in the upper lid above the tarsal fold and extends to the 
lower margin of the orbit; (3) epicanthus tarsalis, in which the 
fold arises laterally above the tarsal fold and loses itself in the 
skin next to the inner canthus; and (4) epicanthus inversus, in 
which a small fold arises in the lower lid and extends upward, 
partially covering the inner canthus. Epicanthus inversus is 
usually seen in the Blepharophimosis syndrome, along with 
ptosis and telecanthus. Epicanthus tarsalis is seen in Orientals, 
and epicanthus tarsalis and epicanthus palpebralis occur in 
children of all races. Epiblepharon is probably an exaggerated 
form of epicanthus tarsalis (Fig. 12.6.4). Epicanthus supracili-
aris is common to a large number of syndromes that will not 
be discussed here (e.g., Down syndrome). All types of epican-
thal folds tend to improve with age, and any cosmetic surgery 
should be withheld until after full facial growth.

C O N G E N I TA L  E N T R O P I O N

Congenital entropion is an infolding of the margins of the eye-
lids, placing the eyelashes in contact with the optic globe.13,14 
Congenital entropion of the upper eyelid is a very rare abnor-
mality that affects mostly females and has been reported in 
fewer than 20 patients. It is considered an ocular emergency, 
because corneal ulceration and permanent scarring can result 
from the associated trichiasis if surgical management is not 

promptly instituted. Congenital entropion may be due to con-
genital levator aponeurosis disinsertion or to extreme kinking 
of the tarsus (congenital tarsal kink). Systemic abnormalities, 
including agenesis of the corpus callosum, have been reported 
in patients with entropion of the upper eyelid. Congenital 
entropion of the upper or lower eyelid should be suspected 
in infants with atypical or persistent corneal ulceration. An 
examination under sedation or anesthesia prevents squeez-
ing of the eyelids and allows correct diagnosis. The presence 
of distichiasis or other congenital eyelid anomalies are helpful 
diagnostic clues. Autosomal dominant inheritance has been 
reported.15

C O N G E N I TA L  E C T R O P I O N

Congenital ectropion is the outfolding of the eyelid margin, 
exposing the conjunctival surface of the eyelid. Also called 
congenital eversion of the upper eyelids, this condition is more 
common in black infants and in patients with Down syn-
drome.16 It may also be seen in patients with lamellar ichthyosis 
(Fig. 12.6.5).17 Congenital ectropion is generally a self- limited 
disease that is best managed with eye lubrication, with or with-
out taping of the lids together intermittently or during sleep. 
Persistent eversion is rare and may require surgical interven-
tion. Congenital upper eyelid eversion is thought to be due to 
impaired venous return from the upper lids, resulting in eyelid 
swelling, chemosis, and eversion. Orbicularis spasm may also 
be a contributory factor.

C O N G E N I TA L  E Y E L I D  R E T R A C T I O N

Eyelid retraction is an exaggerated elevation of the upper 
eyelid and lowering of the lower eyelid, exposing the sclera 
around the cornea. This is a static condition that affects the 
upper or lower eyelids, or both. It is diagnosed after the exclu-
sion of other causes of lid retraction such as hyperthyroidism, 
trauma, proptosis, seventh nerve palsy, and Marcus-Gunn 
jaw-winking. Patients usually present because of an abnormal 
staring appearance; corneal exposure is a rare complication. 
No treatment is required except for lubrication in patients with 

Fig. 12.6.4 Bilateral epiblepharon in a non-Asian girl.
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exposure keratitis. Extensive investigation is not required if 
the history and clinical course are suggestive of the diagnosis. 
Some degree of upper eyelid retraction is normal in newborns 
and young infants. In severe cases, eyelid retractor lengthening 

procedures may be performed but may be unpredictable, 
resulting in secondary ptosis.
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12.7 CORNeAL MALFORMATIONS

(Cornea Plana, Megalocornea, Microcornea, Sclerocornea)

Definition: See individual malformation.

ICD9/ICD10: 743.410, 743.220/Q13.4 Syndrome Associations (Appendix)
Megalocornea-intellectual disability
Microcornea-myopic chorioretinal atrophy- telecanthus 
(ADAMTS18)

Birth prevalence: Unknown. Dominant cornea plana is 
more common in Finland. Recessive cornea plana is more 
common in the United Arab Emirates.

Associated anomalies: sclerocornea, cataracts, 
microphthalmia

Laboratory studies: gene sequencing

Prenatal diagnosis: unlikely

Cause: Mendelian, environmental

Fig. 12.6.5 Ectropion associated with ichthyosis (harlequin fetus). (Courtesy of 
Dr. Sami Elhassani, Spartanburg, SC).
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C O R N E A   P L A N A

In cornea plana the corneal curvature is flatter than nor-
mal. The anterior chamber is shallow, and there is significant 
hyperopia and astigmatism.1,2 Late development of glaucoma 
can occur. Autosomal dominant and recessive inheritance 
have been reported.3 The more severe recessive form (CNA2) 
results from mutations in KERA (encoding keratocan) on 
chromosome 12q.4 Forty-six Finnish patients were found to be 
homozygous for a founder missense mutation, leading to the 
substitution of a highly conserved amino acid.4 CNA1 patients 
had no mutations in these proteoglycan genes. Management 
consists of the correction of associated refractive errors and 
the detection and treatment of glaucoma.

M E G A L O C O R N E A

In megalocornea the cornea measures more than 12.0 mm in 
diameter at birth but is otherwise normal in curvature, thick-
ness, and endothelial cell density.5 This contrasts with the 
enlarged corneal diameter in congenital glaucoma in which 
the cornea is hazy, thick, and has a decreased endothelial cell 
density.6 Megalocornea is generally inherited in an X-Iinked 
recessive fashion. Patients may have presenile cataracts and, 
with age, develop a corneal arcus and a crocodile shagreen pat-
tern of opacification of their corneas (Fig. 12.7.1). Mackey and 
coworkers mapped the gene for megalocornea to Xq12-q26 
near the locus for Aarskog (facial-digital-genital) syndrome.7 
This gene was recently identified as CHRDL1; it codes for 
ventropin that plays a role in anterior segment development.8 
Carrier females do not show any changes. Megalocornea is 
occasionally seen in Marfan syndrome, Down syndrome, 
and Rieger syndrome. When associated with intellectual 
and neurological impairment, it constitutes Neuhauser syn-
drome (megalocornea-intellectual disability syndrome).9 
Management of megalocornea consists of correction of associ-
ated refractive errors and recognition of associated systemic 
disease when it is present. Older patients may require cataract 
extraction.

M I C R O C O R N E A

In microcornea the corneal diameter is less than 9–10 mm at 
birth. Ocular size as determined by ultrasonography is nor-
mal in isolated microcornea and decreased in microphthalmia. 
Microcornea may be inherited in a dominant or in a recessive 
fashion. Microcornea with cataracts (Nance-Horan syndrome) 
is X-Iinked recessive.10 Nance-Horan syndrome is character-
ized by congenital cataracts, dental anomalies, dysmorphic fea-
tures, and, in some cases, intellectual disability. It was mapped to 
Xp22.13. Burdon et al. identified the gene (NHS) and found that 
it plays key roles in the regulation of eye, tooth, brain, and cra-
niofacial development.11 Other associated ocular anomalies with 
microcornea include aniridia, cataracts, and subluxated lenses,12 
and glaucoma. Microphthalmic eyes frequently exhibit small 
corneal diameters. Management of microcornea includes treat-
ment of the associated glaucoma and cataract if they are present.

S C L E R O C O R N E A

In sclerocornea there is congenital, nonprogressive corneal 
opacification that may be peripheral, sectoral, or central in loca-
tion (Fig. 12.7.2). The cornea frequently has a flat curvature. The 
great majority of cases are bilateral and may be inherited in an 
autosomal dominant or recessive fashion.13 Histopathologically, 
corneal collagen is larger than normal in diameter, and the col-
lagen fibers and lamellae are irregularly arranged, resulting in 
corneal opacification.14 Descemet membrane and the endo-
thelium may also be absent or abnormal. A number of associ-
ated ocular anomalies have been reported, and sclerocornea 
has been reported in a number of well-defined malformation 
syndromes15-18 and with mutations in the RAX homeobox gene.19 
Corneal transplantation may be required in some patients with 
sclerocornea and central corneal involvement.20,21
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12.8 ANIRIDIA

Definition: A bilateral malformation of the eye in which the most prominent abnormality is variable to near-total 
absence of the iris.1,2 Aniridia is a misnomer, since the iris is not totally absent.

ICD9/ICD10: 743.45/Q13.1 Syndrome Associations (Appendix)
Aniridia-absent patella
Aniridia-cerebellar ataxia-intellectual disability
Gillespie (PAX6)
WAGR (del 11p13)

Birth prevalence: 1/50,000

Associated anomalies: foveal hypoplasia, congenital 
cataracts, limbal stem cell deficiency, optic nerve 
hypoplasia, microcornea

Laboratory studies: gene sequencing

Prenatal diagnosis: chorionic villus biopsy for gene 
sequencing

Cause: Mendelian

In hypoplasia of the iris (aniridia) a stump of tissue is invariably 
present at the base of the iris, and gonioscopy may be required 
for its adequate visualization (Fig. 12.8.1, left). Ocular abnor-
malities associated with aniridia include persistent pupillary 
membrane, congenital cataracts, ectopia lentis, developmen-
tal glaucoma, corneal pannus or peripheral superficial kera-
topathy, persistence of the retina over pars plana, and foveal 
hypoplasia leading to decreased visual acuity and nystagmus.3 
Congenital poor visual function in aniridia is due to macular, 
foveal, and optic nerve hypoplasia. Acquired causes of visual 
loss in aniridia include cataract, glaucoma, and anisometropic 
or strabismic amblyopia.4,5 Numerous families have been 
described in which some members have classical aniridia and 
other members have atypical iris defects ranging from radial 
clefts or atypical colobomas (Figure 12.8.1, right) and rela-
tively good vision, to more extensive absence of iris tissue, as 

well as cataracts.6,7 The keratopathy/corneal pannus of aniridia 
appears late in the first decade of life and is presumably due to 
insufficient/absent limbal stem cells that depend on the pres-
ence of normal PAX6 complement for their development and 
maintenance. Nystagmus develops in aniridic patients, pre-
sumably due to congenital poor visual acuity and to hypoplasia 
of the fovea.

Shaw et  al. estimated the prevalence of aniridia in the 
lower peninsula of Michigan in 1960 to be about 1 in 64,000.1 
Approximately two-thirds of patients have at least one other 
affected family member; the remaining one-third are sporadic.

Aniridia is caused in almost all cases by mutations in 
PAX6, a homeobox transcription factor on 11p13.8,9 In some 
families mutations in PAX6 cause a predominant keratopathy 
phenotype.10 In others, the iris is so well preserved that the 
phenotype is predominated by isolated foveal hypoplasia.11 
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In the well-defined contiguous gene syndrome of “Wilms 
tumor-aniridia-genitourinary abnormalities-intellectual dis-
ability,” or Miller syndrome, aniridia is of the non-inherited 
variety and is always associated with a deletion of band 13 on 
the short arm of chromosome 11.12,13 Aniridia with cerebel-
lar ataxia and intellectual disability is a very rare condition 
inherited in an autosomal recessive fashion and known as the 
Gillespie syndrome.14,15 Gillespie syndrome is not due to muta-
tions in PAX6.16 There are patients with aniridia, preserved 
visual function, and no mutations in PAX6.17

Aniridia can also occur in association with malforma-
tions of the globe, such as Peters anomaly or congenital ante-
rior staphyloma, or with microcornea and subluxated lenses. 
Aniridia can also occur in the context of multisystem malfor-
mation syndromes and chromosomal abnormalities such as 
a ring chromosome 6, the syndrome of multiple ocular mal-
formations and intellectual disability described by Walker and 
Dyson and Hamming et al., and the syndrome of aniridia and 
absence of the patella.18-21 When iris hypoplasia is not severe, 
as in aniridia type II, aniridia may be confused with condi-
tions such as Rieger anomaly, ectopia lentis et pupillae, atypi-
cal coloboma of the iris, or essential iris atrophy (Chandler 
syndrome).

Patients with compound heterozygous mutations in PAX6 
have been described and have a severe systemic phenotype 
with anencephaly or extensive brain malformations as well as 
microphthalmia/anophthalmia, among other malformations.22

The management of patients with aniridia includes exami-
nation of other family members for the presence of mild 
degrees of iris hypoplasia. In any patient with aniridia and a 
negative family history, the risk of developing Wilms tumor is 
20 percent. If an intragenic mutation in PAX6 is detected, the 
likelihood of developing Wilms tumor is nil, since it would only 

arise in the context of a contiguous gene syndrome in which the 
Wilms tumor gene is deleted. If however, a deletion is detected, 
careful repeated examination and imaging of the renal system 
should be performed. Ultrasound examination of the kidneys 
is done at three- to six-month intervals supplemented with 
intravenous pyelography, computed tomography, or magnetic 
resonance imaging to further evaluate any suspicious finding. 
About one in 70 patients with Wilms tumor will have aniridia. 
A karyotype should be obtained in patients in whom intellectual 
disability and genitourinary abnormalities are present to look 
for an interstitial deletion of the short arm of chromosome 11.

Treatment: The management of ocular problems in patients 
with aniridia can be very challenging. Visual acuity is usually 
less than 20/200 in most patients but may be as good as 20/20 
in patients with aniridia and preserved ocular function. The 
main cause of acquired visual loss in aniridia is glaucoma, and 
patients are screened for its presence at regular intervals (as 
often as 1–2 months in the first year of life and less thereafter). 
The glaucoma in aniridia typically develops in late childhood 
or in adulthood; however, it may be present in the first year of 
life. Aniridic glaucoma may be due to trabeculodysgenesis but 
has been observed to follow occlusion of the filtering angle by 
an up-pulling of the iris stump. Goniotomy or trabeculotomy 
may be successful in controlling infantile aniridic glaucoma; 
however, filtering surgery, valve surgery, or cyclodestructive 
therapy may be required.23,24 Topical medical therapy should be 
tried first in all individuals with aniridic glaucoma. Cataracts, 
which develop in most aniridic patients, are extracted if they 
produce significant further decrease in visual acuity. Some 
patients have congenital anterior polar cataracts, while others 
have acquired cataracts that usually develop in early adult-
hood. Ectopia lentis is occasionally found in aniridic eyes and 

Fig. 12.8.1 Left: Aniridia with minimal remnants of the iris. Note circular reflex from edge of the lens. Right: Aniridia with significant remnants of the iris undilated 
pupil). The patient did not have nystagmus.
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should be sought before a lensectomy is performed. Finally, 
penetrating keratoplasty may be required in some instances if 
progressive keratopathy leads to corneal opacification and to 
further loss of vision.

Prognosis: Visual outcome is variable in patients with 
aniridia and depends on a number of factors including the 
underlying mutation, with missense mutations causing milder 
disease; the presence of glaucoma; the degree of corneal opaci-
fication; and the need for cataract extraction. In patients with 
the WAGR syndrome, systemic factors are at play, and occa-
sional patients have poor prognosis for life from Wilms tumor.
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12.9 ANTeRIOR SeGMeNT DySGeNeSIS

(Anterior Chamber Cleavage Syndrome, Mesodermal Dysgenesis of the Cornea and Iris, Primary Dysgenesis Mesodermalis of 
the Iris, Rieger Syndrome, Axenfeld-Rieger Syndrome)

Definition: A spectrum of ocular malformations characterized by abnormal development of the anterior chamber angle 
and iris.

ICD9/ICD10: 743.44/Q13.81 Syndrome Associations (Appendix)
Axenfeld-Rieger (PITX2, FOXC1)
DeHauwere
SHORT (PIK3R1)

Birth prevalence: 1/50,000 – 1/100,000

Associated anomalies: glaucoma, midfacial hypoplasia, 
dental anomalies, umbilical hernia, anal stenosis, atrial 
septal and other cardiac defects

Laboratory studies: cardiac imaging, gene sequencing

Prenatal diagnosis: unlikely

Cause: Mendelian

Included in anterior segment dysgenesis are (1)  Axenfeld 
anomaly or posterior embryotoxon, in which there is a promi-
nent and anteriorly displaced line of Schwalbe (the most 
peripheral portion of the Descemet membrane) in the cornea 

with strands of iris tissue attached to it (Fig. 12.9.1 bottom) 
and (2) Rieger anomaly, in which, in addition to an Axenfeld 
anomaly, there exists clinical evidence of iris stromal atrophy 
with hole or pseudo-hole formation and corectopia (displaced 
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pupil), or even missing parts of the iris (Fig 12.9.1 top).1,2 Rieger 
syndrome is a distinct autosomal dominant multisystem con-
dition in which anterior segment dysgenesis is accompanied by 
facial, dental, umbilical, and skeletal abnormalities.3 Two major 
genes that cause the Axenfeld-Rieger spectrum of malforma-
tions have been identified (Table 12.I.1).4,5 Both are involved in 
the development of structures derived of neural crest.

The Axenfeld-Rieger spectrum of ocular malformations is 
a bilateral, often symmetric condition that affects males and 
females equally and that shows a wide spectrum of variability 
in clinical expression within families in which it is inherited as 
an autosomal dominant trait. Severe cases are recognized in 
infancy or childhood because of the abnormal appearance of 
the anterior segment. Sometimes the abnormalities are subtle 
and can only be detected on careful examination at the slit lamp. 
Rarely, infants present with signs and symptoms of associated 
infantile glaucoma such as tearing, photophobia, and corneal 
clouding. Other patients are discovered in adolescence or early 
childhood when they present with visual loss and are found 
to have advanced childhood glaucoma. Glaucoma, the only 
vision-threatening complication of anterior segment dysgen-
esis, occurs in about 50 percent of patients by age 20 years and 
in 10 percent to 15 percent of remaining patients per decade 

thereafter. Other cases are discovered during routine examina-
tions within or outside the context of a positive family history 
of the disease. Nonocular abnormalities suggesting a diagnosis 
of Rieger syndrome may prompt an ocular examination.

Ectropion uveae or proliferation of the neuroectoder-
mally derived pigmented posterior layer of the iris onto the 
anterior surface of the iris in the region of the pupil may be 
seen. Congenital ectropion uveae, or congenital iris ectropion, 
is classified by some with the goniodysgenesis syndromes and 
may indeed be a separate, well-defined abnormality of neural 
crest development and differentiation.

Prominence of the peripheral edge of Descemet mem-
brane or posterior embryotoxon is present in about 15 percent 
of the general adult population and is accompanied by bridg-
ing iris strands (Axenfeld anomaly) in 6 percent of otherwise 
normal individuals. The incidence of Rieger anomaly is not 
known. Rieger syndrome is estimated to occur in 1/200,000 
population.

The Axenfeld-Rieger spectrum of anomalies results from 
an abnormality of neural crest development and/ or resorp-
tion. Neural crest–derived structures such as facial bones and 
cartilage, dental papillae, and the primitive periumbilical ring 
are affected, resulting in facial dysmorphism with maxillary 
hypoplasia and a receding chin, hypodontia, peg-shaped teeth, 
and redundant periumbilical skin. Rare findings include hypo-
spadias, empty or enlarged sella turcica, and growth hormone 
deficiency.6,7

The genes for the Axenfeld-Rieger syndrome (ARS) are 
autosomal dominant, fully penetrant, and variable in expres-
sivity. In 1996, Semina et  al. reported mutations in PITX2 
(RIEG1), a gene on 4q25-q26 that codes for a homeobox tran-
scription factor, in subjects with ARS.8 Additional mutations in 
PITX2 sequence have been observed in subjects with various 
forms of anterior segment dysgenesis (ARS, iris hypoplasia, 
iridogoniodysgenesis, and Peters anomaly).9-15 ARS can also be 
due to mutations in the FOXC1 gene on 6p25, a member of the 
forkhead family of transcription factors.11,16-22 As with subjects 
with PITX2 mutations, subjects with FOXC1 mutations have a 
great deal of phenotypic variability. At least two other ARS loci 
await cloning on 13q14 and 16q24.4

A few other multisystem disorders also display some 
degree of anterior segment dysgenesis, and a careful ophthal-
mologic evaluation should be part of the routine work-up 
of patients with Alagille syndrome or arteriohepatic dys-
plasia, Wolf-Hirschhorn syndrome (4p- syndrome) and 
Abruzzo-Erikson syndrome.23-26 An association with oculocu-
taneous albinism has also been reported. Additionally, Rieger 
syndrome has been associated with a number of chromosomal 
abnormalities that have been reviewed by Stathacopoulos 
et  al., who reported a patient with Rieger syndrome and an 
interstitial deletion of chromosome 13 (q14q31).27

Treatment: The major complication of the Axenfeld-Rieger 
spectrum of ocular anomalies is the development of glaucoma 
and subsequent glaucomatous visual loss. When glaucoma 
occurs in infancy, it is detected early because of the associated 
signs and symptoms of photophobia, tearing, corneal cloud-
ing, and corneal enlargement. Early surgical intervention and 

Fig. 12.9.1 Rieger anomaly of the anterior segment with prominent Schwalbe 
line, corectopia, and extensive iris atrophy with pseudopolycoria (top). 
Prominent Schwalbe line in a patient with Rieger anomaly (bottom).
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postoperative visual rehabilitation result in a fair prognosis for 
good vision. Patients who develop glaucoma in early adult-
hood may not come to medical attention until field defects 
impinge on central vision, indicating an advanced disease 
process. Such patients are usually given topical antiglaucoma 
medications but often come to filtering surgery with relatively 
poor eventual visual outcome. The best scenario involves a sib 
or offspring of a patient with Axenfeld-Rieger anomaly who 
is followed closely for the development of glaucoma, which is 
then treated as soon as it is detected and before the develop-
ment of visual field loss.

Frequent ocular examinations (every 4–6 months) with mea-
surement of intraocular pressure are recommended for patients 
with this spectrum of ocular disorders. All available immedi-
ate family members should be examined for anterior segment 
malformations and should be counseled about the genetic risk 
in this dominant group of disorders and about the variability of 
clinical presentation. When anterior segment dysgenesis is asso-
ciated with a multisystem malformation syndrome, prognosis 
depends on the severity of the associated congenital abnormali-
ties and on their impact on the patient’s general health.

Prognosis: Excellent for vision unless glaucoma cannot be 
adequately controlled, which is unlikely.
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12.10 PeTeRS ANOMALy

(Irido-Corneo-Trabecular Dysgenesis, Peters Congenital Glaucoma, Anterior Segment Mesenchymal Dysgenesis)

Definition: A heterogeneous group of malformations that result in congenital corneal opacification.

ICD9/ICD10: 743.44/Q13.4 Syndrome Associations (Appendix)
Axenfeld-Rieger (PITX2, FOXC1)
Peters-Plus (B3GALTL)
Pfeiffer (FGFR1, FGFR2
del 4p, 2q, 11q, 18q, 21q
Prenatal alcohol, isotretinoin exposure
Prenatal rubella infection

Birth prevalence: <1/1,000,000

Associated anomalies: other ocular anomalies, abnormal 
ears, cleft lip/palate, cardiovascular defects, genitourinary 
anomalies, short stature, limb defects, intellectual disability

Laboratory studies: gene sequencing for homeobox genes 
(PAX6, PITX2, CYP1B1, FOXC1)

Prenatal diagnosis: ultrasonography for hydrocephalus, 
cleft lip/palate and agenesis of the corpus callosum, gene 
sequencing

Cause: chromosomal, Mendelian, microdeletions, 
environmental

Peters anomaly is a uncommon congenital malformation of the 
anterior segment of the eye that presents as a central corneal 
leukoma (opacity) with defects in the posterior corneal stroma, 
Descemet’s membrane (Fig. 12.10.1), and corneal endothe-
lium, as well as variable degrees of adhesions between the iris 
or lens to the posterior aspect of the cornea (irido-corneal and 
lenticulo-corneal adhesions, respectively). In its severe forms 
it leads to complete corneal opacification and total cataract.

Although a variety of genes have been associated with 
Peters anomaly including PAX6, FOXC1, PITX2, and CYP1B1, 
as well as environmental factors such as heavy prenatal expo-
sure to alcohol and isotretinoin, the disease pathogenesis in a 
large percentage of cases is still unclear.1

Peters anomaly may present as an isolated defect or asso-
ciated with other ocular or systemic malformations such as 
microcornea, congenital aphakia, aniridia, microphthalmia, 

A

C

B

Fig. 12.10.1 Left eye of a patient with Peters anomaly showing corneal opacity (A) and cross-sectional optical coherence tomography (OCT) of the cornea 
(B) reveals a defect in the posterior aspect of the cornea, including the endothelium, Descemet’s membrane and stroma (asterisk). Another OCT (C) shows 
adhesions between the lens and the posterior side of the cornea (lenticulo-corneal adhesions).
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cataracts, total posterior coloboma of the retina and the cho-
roid, and persistence of the hyaloid system. Furthermore, over 
50 percent of subjects with Peters anomaly develop glaucoma 
in childhood. Peters plus syndrome, one well-defined form 
of which is Krause–Kivlin syndrome, caused by mutations in 
B3GALTL, is characterized by Peters anomaly in association 
with short limbs and a number of other abnormalities.2 In a 
review of 58 cases of Peters anomaly, Bhandari et  al. found 
that it was more prevalent in males (66 percent), while another 
study by Traboulsi and Maumenee showed no sex predilec-
tion.3,4 Cases more commonly present bilaterally, and bilateral 
presentation is significantly more associated with systemic 
malformations. However, both unilateral and bilateral disease 
carry the same risk of coexisting ocular anomalies.

Treatment: The available options for treatment depend on 
the size of opacity and severity of the disease. In mild diseases, 
optical iridectomy may be enough to clear the corneal opaci-
fication, while in more severe cases, penetrating keratoplasty 
and cataract removal may be necessary to allow a clear visual 
axis. Intraocular pressure measurements should be performed 
frequently for early detection of glaucoma, which is known 
to occur in a great majority of patients. Although the risk of 
amblyopia in unilateral cases is high, the risk/benefit ratio 
of surgery in such cases is high as well. In addition to being 
treated for this condition, patients should also be screened for 
systemic malformations such as those in the cardiovascular, 
urogenital, and central nervous systems. Early detection and 
intervention may save the patient’s life.

Prognosis: Yang et al. reviewed the long-term outcome in 19 
patients with Peters anomaly.5 Severe glaucoma was a promi-
nent feature among their patients. Despite combined medical 
and surgical interventions, glaucoma could be controlled in 
only 32 percent of eyes with glaucoma associated with Peters 
anomaly. The overall long-term probability of maintaining 
a clear graft after initial penetrating keratoplasty for Peters 
anomaly was 35  percent, with subsequent grafts rarely sur-
viving. Poorer outcomes were related to severe disease, larger 
donor corneas, coexisting central nervous system abnormali-
ties, and anterior synechiae.6 This should be considered before 
recommending corneal transplantation for Peters anomaly, 
particularly after previous graft failure. Unfortunately, around 
50 percent of patients will ultimately lose light perception.7

REFERENCES

 1. Miller MT, Epstein RJ, Sugar J, et al.: Anterior segment anomalies asso-
ciated with the fetal alcohol syndrome. J Pediatr Ophthalmol Strabismus 
21:8, 1984.

 2. Lesnik Oberstein SA, Kriek M, White SJ, et al.: Peters Plus syndrome is 
caused by mutations in B3GALTL, a putative glycosyltransferase. Am J 
Hum Genet 79:562, 2006.

 3. Bhandari R, Ferri S, Whittaker B, et al.: Peters anomaly: review of the lit-
erature. Cornea 30:939, 2011.

 4. Traboulsi EI, Maumenee IH:  Peters’ anomaly and associated congenital 
malformations. Arch Ophthalmol 110:1739, 1992.

 5. Yang LL, Lambert SR, Lynn MJ, et al.: Surgical management of glaucoma 
in infants and children with Peters’ anomaly:  long-term structural and 
functional outcome. Ophthalmology 111:112, 2004.

 6. Chang JW, Kim JH, Kim SJ, et al.: Long-term clinical course and visual 
outcome associated with Peters’ anomaly. Eye (Lond) 26:1237, 2012.

 7. Gollamudi SR, Traboulsi EI, Chamon W, et al.: Visual outcome after sur-
gery for Peters’ anomaly. Ophthalmic Genet 15:31, 1994.



426 |  h U M A N  M A L F O R M AT I O N S  A N D  R e L AT e D  A N O M A L I e S

12.11 CONGeNITAL CATARACT

Definition: Opacity of the crystalline lens present from birth.

ICD9/ICD10: 744.30/Q12.0 Syndrome Associations (Appendix)
Albright
Alpha-mannosidosis (MAN2B1)
Alport (COL4A5)
Chondrodysplasia punctata (EBP)
Cockayne (CSB, ERCC6)
Conradi
Fabry (GLA)
Galactosemia (GALT)
Hallermann-Streiff
Lowe (OCRL1)
Myotonic dystrophy (DMPK, CNBP)
Nance-Horan (NHS)
Norrie (NDP)
Rubinstein-Taybi (CREBBP)
Smith-Lemli-Opitz (DHCR7)
Zellweger (PEX genes)
Wilson (ATP7B)
Trisomies 13, 18, 21
del 5p, 11p
Prenatal rubella, varicella, toxoplasma, cytomegalovirus, 
syphilis infection

Birth prevalence: 1/2,500 – 1/3,500

Associated anomalies: microcornea, microphthalmia, 
glaucoma, aniridia

Laboratory studies: TORCH titers, VDRL, red cell 
galactokinase, glucose, calcium and phosphorus, urine 
amino acids and reducing substances

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian, environmental

Cataracts can be congenital or acquired, partial or total, inher-
ited or isolated. They can remain stable or progress over time, 
can be unilateral or bilateral, and may have varying effects on 
vision. Cataracts can be present in otherwise normal eyes or 
may be seen in microphthalmic or otherwise malformed eyes, 
such as typically seen in persistent fetal vasculature. Congenital 
cataracts can be classified according to their morphology or 
to the part or sector of the crystalline lens that they occupy 
or involve (Table 12.11.1). A large number of genes have been 
mapped or cloned that cause inherited congenital or devel-
opmental cataracts (Table 12.11.1).1 Cataracts are commonly 
amblyogenic if they occlude the pupillary axis with the pupil 
in the undilated resting position.

Infantile and developmental cataracts occur in a number 
of hereditary patterns as part of metabolic diseases, malforma-
tion syndromes, and chromosomal aberrations, or they can be 
secondary to infections, environmental exposures, or trauma. 
Table 12.11.2 gives an etiologic classification of infantile and 
developmental cataracts. Cataracts may have a number of dif-
ferent morphologic appearances (Table 12.11.1). The major 
types are discussed below.

Anterior polar cataracts are axial lenticular opacity rem-
nants of persistent tunica vasculosa lentis. They are usually spo-
radic, can be unilateral or bilateral, and may vary in size, but 
typically are about 1  mm in diameter and height.2 They may 

take a pyramidal shape, appear as a white dot in the lens center 
and may be associated with duplicated opacities under the ante-
rior lens capsule (Fig. 12.11.1). This type of cataract is generally 
nonprogressive and seldom interferes with vision, but cases that 
have progressed to significant opacification have been reported.

Nuclear cataracts involve the embryonic and fetal nuclear 
areas of the lens. (Fig. 12.11.2). They can be sporadic or inher-
ited, and about one-third of cases are unilateral and two-thirds 
bilateral. Some nuclear cataracts are formed of numerous fine 
dots between the anterior and posterior “Y” sutures, and others 
are dense enough to be amblyogenic. Some are accompanied 
by riders in the surrounding cortex like rings around the planet 
Saturn. Nuclear cataracts may be progressive, and affected eyes 
are typically smaller than normal with a normal-appearing 
posterior segment.

Lamellar or zonular cataracts are formed of opacified shells 
of cortex around a clear nucleus and are surrounded by nor-
mal cortex with or without riders. Most cases are bilateral, they 
can be inherited or acquired, and they may go unnoticed for 
years until the pupil is pharmacologically dilated and the opac-
ity appears. They can be misdiagnosed as microspherophakia 
(small round lens) because one may think that the opacified 
cortex is the edge of the lens. These cataracts may progress 
to become total, necessitating surgery in the first or second 
decade of life. Because of the relative clarity of the lens early in 
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life, visual prognosis is excellent following surgery for lamellar 
cataracts. Eyes affected are generally of normal size.

Posterior lentiglobus is the most common type of unilat-
eral cataract in normal-sized eyes. In these cases, of which 

more than 90 percent are unilateral, there is a circumscribed 
round or oval posterior bowing of the posterior lens capsule, 
measuring 1–5  mm, usually in the area where the hyaloid 
system of blood vessels originally met with the tunica vascu-
losa lentis. The cortical lamellae that occupy the bulging part 
of the lens become progressively disorganized and opaque, 
possibly because of fluid imbibition through ruptures in 
the weakened capsule. Some cases have been observed to 
progress extremely rapidly to total opacification, possibly 

TABLE 12.11.1  Inherited Cataracts and the Responsible Genes 

or Gene Loci

TyPe OF CATARACTS GeNe/LOCUS

Volkmann (115665) 1p36

Posterior polar or zonular (116600) 1pter-p36.1

Zonular (600897) Connexin 50

Nuclear (607304) 2q12

Nuclear (123660) CRYG, 2q33-35

Non-nuclear polymorphic (601286, 
123680, 123690, 603212)

CRYG1, CRYGC, CRYGD, 
BFSP2, 3q21-22

Congenital cataracts (602669) PITX3, 10q25

Aniridia/cataracts (607108) PAX6, 11p13

Nuclear (154050) MIP, 12q13

Zonular (121015) connexin 46, 13q11

Anterior polar (115650) 14q24-qter

Central pouch-like (605728) 15q21-q22

Zonular (116800) HSF4, 16q22

Anterior polar (601202) 17q12-13

Zonular (600881) CRYBA1, 17q11-12

Cerulean (115660) 17q24

Hyperferritinemia/cataracts (600886) FTL, 19q13.3-13.4

Posterior polar (603307) BFSP1, 20p12-q12

Zonular (123580) CRYAA, 21q22.3

Cerulean (123620) CRYBB2, 22q11-12

Fig 12.11.1 Anterior polar cataract.

TABLE 12.11.2  etiologic Classification of Infantile and 

Developmental Cataracts

INHERITED WITHOUT SYSTEMIC 
ABNORMALITIES

 Autosomal dominant
 Autosomal recessive
 X-linked

INHERITED AS PART OF 
MULTISYSTEM DISORDERS

Metabolic disorders
 Galactosemia (230400)
 Galactokinase deficiency (230200)
 Fabry (-301500)
 Mannosidosis (248500)
 Multiple sulfatase deficiency 

(272200)
 Refsum (266500)
 Wilson (277900)
 Diabetes mellitus
 Hypocalcemia
 Hypoglycemia
Renal diseases
 Lowe (309000)
 Alport (301050)
Musculoskeletal syndromes
 Chondrodysplasia punctata 

(118650,
 215100, 302960)
 Marfan (154700)
 Myotonic dystrophy (160900)
 Osteopetrosis (259700)
 Weill-Marchesani (277600)
 Stickler (108300)
 Kniest (156550)
 Osteogenesis imperfecta 

(heterogeneous, 259410)
 Albright hereditary 

osteodystrophy (103580, 300800)
Central nervous system syndromes
 Zellweger (214100)
 Meckel-Gruber (249000)
 Sjögren-Larsson (270200)
 Marinesco-Sjögren (248800)
 Norrie disease (310600)
Dermatologic syndromes
 Cockayne (216400)
 Goltz (305600)
 Rothmund-Thompson (268400)
 Atopic dermatitis
 Incontinentia pigmenti (308300)
 Progeria (176670)
 Werner (277700)
 Ichthyosis (Heterogeneous)
 Marshall ectodermal dysplasia

Craniofacial syndromes
 Hallermann-Streiff (234100)
 Crouzon (123500)
 Apert (101200)
 Engelmann (131300)
 Lanzieri
 Rubinstein-Taybi (268600)
 Ellis-van Creveld (225500)
 Smith-Lemli-Opitz (214150)
 Cerebro-oculo-facio-skeletal 

(214150)
 Nance-Horan (302350)

ASSOCIATED WITH CHROMOSOME  
ABERRATIONS

 Trisomy 21
 Trisomy 13
 Trisomy 18
 Del 5p
 Del 11p
 Ring 4
 Dup 10q

ASSOCIATED WITH OCULAR 
DISEASE

 Leber congenital amaurosis
 Aniridia
 Retinitis pigmentosa
 PHPV
 Peters anomaly

INTRAUTERINE INFECTIONS
 Rubella
 Varicella
 Toxoplasma
 Cytomegalovirus
 Syphilis

UVEITIS OR ACQUIRED 
INFECTIONS

 Juvenile rheumatoid arthritis
 Pars planitis
 Toxocara canis

DRUG-INDUCED
 Corticosteroids
 Others

TRAUMA

RADIATION-INDUCED
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secondary to blow-out of the lentiglobus into the vitreous 
cavity.

If posterior lentiglobus is eccentric and small, it is best 
observed until progression to a significant opacity occurs 
involving the central visual axis. The presence of central and 
large defects may be an indication for surgery if associated with 
high myopic errors of refraction or significant opacification.

Treatment: Lens opacities larger than 3  mm in diameter 
within the visual axis generally pose a high risk of amblyo-
pia and permanent visual impairment if not corrected in a 
timely fashion. For visually significant bilateral cataracts, 
surgical management initiated prior to 10 weeks generally 
results in better visual outcomes. For visually significant uni-
lateral cataracts, surgery prior to six weeks of age is typically 
recommended. Surgical correction initiated at a very early 
age increases the risk of glaucoma. Implanting an intraocular 
lens during the time of surgical intervention can be advanta-
geous in providing continuous optical correction; however, the 
changing optical needs of the child’s growing eye must be fac-
tored into the surgical and long-term management plan. It has 
been shown that there is an increased risk of adverse events, 
reoperation, and no long-term visual benefit when implanting 
an intraocular lens prior to 7 months of age.3,4 Postoperative 
optical rehabilitation can be just as critical to long-term visual 
outcomes as the surgery and may involve a combination of 
aphakic spectacles, contact lenses, and patching therapy.

Prognosis: Optimal timing in surgical management alone 
does not result in a good vision. The type of cataract involved, 
onset age, associated anomalies, and the early initiation of and 
adherence to postoperative optical rehabilitation and amblyo-
pia management all factor into the level of long-term visual 
outcome.
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12.12 PeRSISTeNT hyPeRPLASTIC PRIMARy VITReOUS

(Persistent Fetal Vasculature, PFV)

Definition: A complex malformation of the eye characterized by the presence of remnants of the hyaloid system of blood ves-
sels, sometimes with a plaque of fibrovascular tissue behind the lens.

ICD9/ICD10: 743.51/Q14.0 Syndrome Associations (Appendix)
None

Birth prevalence: unknown, possibly 1/100,000

Associated anomalies: microphthalmia, remnants of the 
fetal vasculature, cataract, retinal fold, retinal detachment

Laboratory studies: ocular ultrasonography

Prenatal diagnosis: possible using ultrasonography

Cause: unknown

Fig. 12.11.2 Nuclear cataract.
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Persistent hyperplastic primary vitreous (PHPV), also referred 
to as PFV, affects the vitreous primarily but also involves the 
retina, ciliary body, iris, and lens.1 Elongated ciliary processes 
converge to and are pulled toward the retrolental fibrovascu-
lar tissue. The eye is variably reduced in size, and a cataract 
may be present. Anterior and posterior varieties of PHPV have 
been described. Both appear to be on the same continuum of 
malformations. Congenital falciform fold of the retina may be 
a manifestation of a posterior form of PHPV but may also be 
seen in dominant exudative vitreoretinopathy, toxocara canis 
infection of the eye, and retinal dysplasia such as is seen in the 
Warburg-Walker syndrome and Norrie disease.1

PHPV is unilateral in about 90 percent of cases. The size of 
the globe varies from normal to moderately decreased, being 
slightly smaller than normal in the majority of cases (Fig. 
12.12.1). Occasionally, and in older individuals with untreated 
disease whose vision has been obstructed, the axial length of 
the involved eye may actually be longer than the uninvolved 
eye. This is the result of globe elongation in the setting of 
severe amblyopia. The cornea is clear. The anterior chamber 
is shallow in smaller eyes because of anterior displacement of 
the iris/lens diaphragm; this predisposes patients with PHPV 
to angle-closure glaucoma, which usually develops later in 
adulthood. Some authors advocate lens extraction to prevent 
secondary angle-closure glaucoma. The iris may be normal but 
frequently shows small notches at the pupillary margins, where 
iridohyaloidal vessels coursed in the developing eye and failed 
to regress with maturation of iris structures and resorption of 
the tunica vasculosa lentis. Patent iridohyaloidal vessels may 
be seen coursing over the anterior iris surface, over the pupil-
lary margin, and over the posterior iris surface to anastomose 
with vessels in the retrolental membrane. It is believed that 
such iridohyaloidal vessels are extremely suggestive of PHPV; 
their presence in a small eye with a white pupillary reflex is 
diagnostic of this condition.1

The lens may be completely clear in cases of posterior 
PHPV or may be cataractous. The fibrovascular plaque may 
adhere to or be part of the posterior lens capsule, and vessels 
can invade the lens giving a clinical picture very characteristic 
of PHPV. The retrolental membrane may contain adipose tis-
sue, cartilage, and smooth muscle tissue. This is thought to be 

the result of metaplastic changes in tissue of mesenchymal ori-
gin. Haddad et al. reported on the clinicopathologic findings in 
62 cases of persistent hyperplastic primary vitreous (PHPV). 
The cases were divided into a group of 55 unilateral cases not 
associated with any systemic abnormalities, including 36 eyes 
(58 percent) which were considered “pure cases” (Group 1A); 
19 (31  percent) that disclosed other ocular abnormalities in 
addition to PHPV (Group  1B); and another group of seven 
(11 percent) bilateral cases accompanied by other ocular and 
systemic malformations. The most common presenting clini-
cal signs were leukocoria, microphthalmia, and cataract. The 
main histopathologic features of this condition were outlined, 
including those responsible for the disastrous results to the eye 
(retinal detachment, glaucoma, phthisis bulbi). Several clini-
cal entities, such as retinoblastoma, congenital cataract, retinal 
dysplasia, trisomy 13 syndrome, and falciform retinal folds, are 
usually mistaken for or associated with PHPV.2

Patients with PHPV present with one of three find-
ings:  (1)  a small eye since birth (Fig. 12.12.1), (2)  a white 
pupillary reflex because of the associated cataract or retro-
lental membrane, or (3)  strabismus because of poor vision. 
Ultrasonography and computed tomography are helpful in 
the differentiation between PHPV and retinoblastoma in eyes 
with leukocoria. There is no intraocular calcification in PHPV, 
and the retrolental mass and/or retinal detachment can be 
visualized by ultrasonography and by computed tomography 
with contrast enhancement.3 Retinoblastoma generally occurs 
in eyes of normal size but has been reported in microphthal-
mic eyes. Additionally, PHPV and retinoblastoma have rarely 
coexisted in a microphthalmic eye.4

The incidence of PHPV is unknown, but it is not a very 
rare condition. PHPV is generally isolated and unilateral with-
out associated congenital malformations. It has, however, been 
reported in two patients with oculodentoosseous dysplasia, in 
one patient with protein C deficiency, and in the oculopalato-
cerebral syndrome.5-7 There is also one report of a family with 
Rieger anomaly and PHPV in two generations.8

PHPV may be due to a defect in the formation of the sec-
ondary vitreous, which is derived from the inner retinal cells 
starting in the ninth week of gestation. The secondary vitre-
ous fills the developing fetal eye starting from the ocular wall 

Fig. 12.12.1 Microcornea and microphthalmia in a patient with persistent hyperplastic primary vitreous.
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region and progressing centrally. It compresses the regressing 
primary vitreous, which is probably derived from mesenchyme 
and contains the hyaloid system of blood vessels that anasto-
mose with the tunica vasculosa lentis anteriorly. A  defect in 
the formation of the secondary vitreous or in the regression 
of the primary vitreous and of the tunica vasculosa lentis, or a 
combination of both, may lead to the clinical picture of PHPV. 
The globe remains small because its growth depends partly on 
the expansion of the secondary vitreous. Precipitating factors 
and etiologic agents leading to PHPV have not been identi-
fied yet. Familial occurrences of PHPV have been reported in 
dizygotic twins, in two brothers, and in a mother and son. The 
family reported by Khan et  al. with homozygous truncating 
mutations in ATOH7 probably has congenital retinal nonat-
tachment rather than classic PHPV.9

Treatment and Prognosis: Visual prognosis in eyes with 
PHPV is generally guarded, but vision in cases with iso-
lated anterior involvement in which associated cataracts are 
extracted in the first few weeks of life, and appropriate apha-
kic correction and amblyopia therapy instituted, have favor-
able outcomes.10-12 If the pathology is localized to the anterior 
segment of the eye, the lens and retrolental membrane are 
removed through a limbal approach. If significant midvitreal 
or posterior vitreal components to the PHPV are present, then 
a combined lensectomy-vitrectomy using a pars-plana surgi-
cal approach may be considered.13 Lensectomy probably pre-
vents the development of secondary angle closure glaucoma, 
which is a source of visual loss and discomfort in these patients 
with limited visual capabilities and potential. Tractional and 
rhegmatogenous retinal detachments have been reported 
in patients with PHPV and are treated surgically as needed. 
Myopia seems to predict a better visual outcome in patients 
with PHPV.14 Very rarely, the anterior or posterior lens capsule 

ruptures in PHPV, and an inflammatory ocular response may 
be induced.
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12.13 OPTIC NeRVe hyPOPLASIA

Definition: An optic nerve with reduced number of axons and preservation of supportive glial tissue. The appear-
ance on ophthalmoscopy is one of a small optic nerve head, generally one-half or less of a normal optic nerve head.

ICD9/ICD10: 377.43/H47.033 Syndrome Associations (Appendix)
Aicardi
CHARGE (CHD7, SEMA3A)
Duane retraction (SALL4)
Frontonasal dysplasia (ALX3)
Goldenhar-Gorlin
Idiopathic growth hormone deficiency
Muscle-eye-brain disease (POMGNT1)
Nevus sebaceous of Jadassohn
Periventricular leucomalacia
Septooptic dysplasia
Suprasellar teratoma
del 5q
Chromosome 1p anomaly
Prenatal alcohol, isotretinoin, phenytoin, valproate, 
carbamazepine, quinine, LSD exposure
Prenatal viral infections
Maternal diabetes

Birth prevalence: 1/65,000

Associated anomalies: endocrine (panhypopituitarism, 
growth hormone deficiency)

Laboratory studies: MRI, neural imaging, gene screening

Prenatal diagnosis: none

Cause: chromosomal, Mendelian, environmental

Optic nerve hypoplasia (ONH) is one of the leading causes of 
congenital blindness.1 It is a nonprogressive birth defect that 
is characterized by a decreased number of retinal ganglion 
cells and optic nerve axons. It appears small on ophthalmo-
scopic exam, and there may be a peripapillary hyperpig-
mented ring around the small optic disc representing the 
termination of the retina and retinal pigment epithelium at 
the edge of the lamina cribrosa and creating the so-called 
“double ring” sign that can frequently but not always be seen  
(Fig. 12.13.1). Tortuous retinal blood vessels may be observed 

as well. The diagnosis is clinically made when the ratio of the 
measurement between the center of the disc and the cen-
ter of the macula to the mean disc diameter is greater than 
4. Most cases are bilateral, and the severity of the hypoplasia 
is extremely variable. Patients present with decreased visual 
acuity, strabismus, or nystagmus. While visual acuity is usu-
ally subnormal, good visual acuity has been reported.2 The 
pupils may be sluggish and—in asymmetric or unilateral 
cases—show an afferent pupillary defect. The foveal reflex 
may be blunted, and this is the result of accompanying loss 

 

Fig. 12.13.1 Right: Severe optic nerve hypoplasia with double ring sign. Left: Normal optic nerve head.
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of ganglion cells. A variety of visual field defects have been 
observed.

ONH may be isolated or, more often, associated with 
other neurologic or systemic abnormalities. The majority of 
patients with associated malformations are affected bilaterally. 
Endocrinopathies, usually as hypothalamic/pituitary dysfunc-
tions, are a common association and include cases of panhy-
popituitarism and growth hormone deficiency. Developmental 
delays are commonly associated with ONH. Imaging studies 
may reveal corpus callosal hypoplasia, which is the most com-
mon neuroimaging malformation and is frequently associated 
with absence of the septum pellucidum (Fig. 12.13.2). In a 
series of 93 patients with ONH, Skarf and Hoyt found delayed 
development in 23 children, most of whom had bilateral 
involvement with poor visual acuity and nystagmus.3

Associations between multiple systemic conditions/syn-
dromes and ONH have been reported. When accompanied 
by an absent septum pellucidum and thinning/agenesis of the 
corpus callosum and pituitary dysfunction, ONH is referred to 
as septo-optic dysplasia or de Morsier syndrome.4 Pituitary dys-
function is relatively common in these patients. A history of 
neonatal jaundice (indicative of hypothyroidism) and/or neo-
natal hypoglycemia (indicative of adrenal insufficiency) may be 
elicited. Garcia et al. described associated ocular, neurologic, 
and systemic findings in 100 patients with optic nerve hypo-
plasia.5 Neuroimaging and endocrine studies were obtained in 
65 cases. Seventy-five percent had bilateral ONH. Premature 
birth was present in 21 percent of cases, fetal alcohol syndrome 
in 9  percent, maternal diabetes in 6  percent, and endocrine 
abnormalities in 6  percent. Developmental delay was pres-
ent in 32 percent, cerebral palsy in 13 percent, and seizures in 
12 percent. Sixty percent had an abnormal imaging study, with 
ventricle or white matter or gray matter development in 29 
patients, septo-optic dysplasia in 10, hydrocephalus in 10, and 
corpus callosum abnormalities in eight. Clinical neurological 
abnormalities were present in 57 percent of patients with bilat-
eral involvement and in 32 percent of patients with unilateral 
ONH. Taban et  al. found 10 cases of optic nerve hypoplasia 
among 80 with nonsyndromal mitochondrial cytopathies.6 
These authors postulated that ONH was the result of exces-
sive apoptosis during embryonic ganglion cell and/or axonal 
development from abnormal mitochondrial function and cel-
lular energy metabolism.

Garcia-Filion and Borchert have recently reviewed the epi-
demiology and clinical associations of ONH.7 Rudanko and 
Laatikainen found that, in Finland, the population prevalence 
of optic nerve hypoplasia was 1.5 per 100,000; it accounted for 
approximately 4 percent of visually impaired children.8 Among 
children in US schools for the blind, between 4 and 13 per-
cent have optic nerve hypoplasia.9,10 Among the participants 
of the Tajimi Eye Health Care Project in Japan, approximately 
0.3  percent had superior segmental optic nerve hypoplasia 
(i.e., asymmetric hypoplasia affecting mainly the superior por-
tion of the optic nerve).11 Approximately 9 percent of children 
born to mothers with type I diabetes mellitus are reported to 
have superior segmental ONH.12

The pathogenesis of optic nerve hypoplasia is not com-
pletely understood. Most cases are sporadic and, as such, 

could have genetic, stochastic, and/or environmental causes. 
In general, one could postulate that optic nerve hypoplasia 
results from either (1)  an initially reduced number of reti-
nal precursor cells becoming retinal ganglion cells and/or 
(2) an abnormal destruction of these cells after they initially 
differentiate.

A number of prenatal exposures to teratogens have been 
associated with optic nerve hypoplasia.13-18 ONH is a relatively 
common feature of fetal alcohol syndrome. An association 
exists between superior segmental hypoplasia of the optic 
nerve (SSHON) and maternal diabetes.19,20 The prevalence of 
SSHON in children of type 1 diabetic mothers was estimated 
by Landau et al. to be 8 percent.12

Fig. 12.13.2 Septo-optic dysplasia. Top – Optic nerve is hypoplastic and shows 
the double-ring sign. Bottom – Sagittal brain image shows thinning of the 
corpus callosum and defects in the septum pellucidum.
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A complex network of guidance cues is required for reti-
nal ganglion cell axons to find their way into the optic nerve 
head and to the lateral geniculate nucleus and other targets in 
the central nervous system. Two such molecules, netrin-1 and 
DCC, play major roles.21 To date, no mutations in either netrin-1 
or DCC have been reported in humans with optic nerve hypo-
plasia. Dattani et al. identified two sibs with septo-optic dys-
plasia and homozygous mutations in HESX1 that destroy DNA 
binding of the protein.22 Thomas et al. describe three hetero-
zygous mutations in well-conserved codons in patients with 
milder variants of septo-optic dysplasia and congenital pitu-
itary hypoplasia, suggesting that haploinsufficiency for this 
transcription factor may also produce a phenotype.23 Lastly, 
Tajima et al. have reported a patient with a heterozygous muta-
tion in HESX1 associated with left optic nerve hypoplasia and 
mild combined pituitary hormone deficiency.24 Mutations in 
HESX1 are not a common cause of septo-optic dysplasia and/
or hypopituitarism. McNay and colleagues report that less than 
1 percent of 700 individuals with ONH or septo-optic dyspla-
sia had HESX1 mutations.25 Azuma et al. reported mutations 
in the transcription factor PAX6 in four patients with vary-
ing degrees of optic nerve hypoplasia.26 Abdollahi et al. have 
described a rare autosomal recessive syndrome consisting of 
generalized polymicrogyria and optic nerve hypoplasia associ-
ated with mutations in the alpha tubulin gene TUBA8.27

Magnetic resonance imaging is the study of choice to detect 
associated central nervous systemic pathology.28 In addition to 
the classic abnormalities of septo-optic dysplasia, posterior 
pituitary ectopia, hemispheric migration abnormalities, and 
intrauterine/perinatal cerebral injuries may be observed in a 
considerable proportion of these patients.29 Pituitary ectopia 
and hemispheric abnormalities appear to be good indicators of 
developmental delay and endocrine dysfunction. An isolated 
septum pellucidum, in general, is not associated with signifi-
cant comorbidities.

Treatment and Prognosis: The reduction of vision in 
ONH is generally nonprogressive, although amblyopia may 
be superimposed on the visual loss resulting from ONH.30 
Correction of the commonly found refractive errors and a 
trial of patching is therefore recommended. It is also impor-
tant to accurately diagnose associated endocrinopathies or 
central nervous system abnormalities in a timely manner.5 
Recognition of endocrine comorbidities may prompt earlier 
treatment and avoid complications such as sudden death and 
perioperative seizures.31,32 Because hyperprolactinemia may 
transiently stimulate growth, even in the absence of detectable 
growth hormone, an endocrine work-up is still warranted in 
young children even in the setting of normal growth patterns.33
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12.14 OPTIC PIT

Definition: A congenital cavitary lesion of the optic disc, which is commonly complicated by macular detachment 
leading to deteriorating vision.

ICD9/ICD10: 377.23/H47.319, H47.31, Q14.2 Syndrome Associations (Appendix)
Aicardi
Alagille (JAG1, NOTCH2)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Trisomy 18

Birth prevalence: <1/10,000 births

Associated anomalies: basal encephalocele

Laboratory studies: optical coherence tomography 
(OCT), fundus photography

Prenatal diagnosis: none

Cause: Mendelian

Optic disc pits (ODPs) can be considered part of a spectrum 
of congenital cavitary optic nerve malformations. They com-
monly appear sporadically as single or multiple excavations of 
the optic disc varying in size, shape, color, depth, and location. 
Round, triangular, oval, and slit-like depressions have all been 
observed. The presence of glial tissue has been postulated to 
cause the appearance of different colors. ODP normally occurs 
unilaterally, although rare bilateral cases have been reported. 
Equal occurrence is observed in males and females. They are 
most commonly located in the inferotemporal aspect of the 
optic disc (Fig. 12.14.1), and their size ranges from 0.1 to 0.7 
disc diameters, while the depth measures approximately 0.3 
to 0.5 diopters.1-3 They can be central, as illustrated in Figure 
12.14.2.

It has been hypothesized that ODPs could be considered 
a variant of optic nerve colobomas and that they both share a 
common pathophysiological pathway. However, many factors 

argue against this theory. The unilateral and sporadic presen-
tation of ODPs—as opposed to colobomas, which are more 
commonly bilateral and associated with systemic manifesta-
tions suggests otherwise. While colobomas occur due to the 
incomplete closure of the embryonic fissure, it has been sug-
gested that ODPs arise from malformation of the primordial 
optic nerve papilla and failure of normal development of the 
optic nerve head by incomplete resolution of the peripapillary 
neuroectodermal folds.

Although ODPs have been noted in several malforma-
tion syndromes, they are typically an incidental finding, with 
patients usually presenting in their thirties or forties due to 
macular involvement.4-6 ODP maculopathy is the most com-
mon complication of congenital optic pits, occurring in 
approximately 30  percent to 45  percent of patients.1 It pres-
ents as serous macular detachments, which are preceded by an 
area of macular schisis. The source of the fluid in the macular 

Figure 12.14.1 Temporal pit in the optic nerve of this left eye. There are 
changes in the fovea resulting from a small schisis cavity typical of this 
condition.

Figure 12.14.2 Large central pit of the optic nerve head with tortuosity of retinal 
vasculature.
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detachment and the method by which the fluid causes the 
detachment still remains unclear. One of the largely accepted 
hypotheses suggests that liquefied posterior vitreous that 
detaches from the retina causes traction on the optic disc and 
retina, which subsequently causes a tear in the inner retina 
allowing the liquefied vitreous to enter. Other hypotheses pro-
pose that the source of fluid could be cerebrospinal fluid (CSF) 
or leaky blood vessels.

Patients with serous macular detachments commonly 
present with deteriorating vision, and more than 75  percent 
will develop 20/200 visual acuity or less with poor prognosis. 
Some patients notice worsening vision upon bending over. 
OCT imaging is the mainstay for diagnosing and following up 
patients, as well as fundus examination.7

Treatment: Treatment is directed toward macular compli-
cations. Although a few cases have been reported to resolve 
spontaneously, it is suggested that early intervention may pre-
vent secondary cystic retinal degenerative changes and provide 
patients with the greatest opportunity at visual improvement. 
There is no single treatment method that has been recom-
mended, but a number of interventions have been successful 
thus far in treating optic disc–associated macular detachments. 
Macular buckling, vitrectomy with gas–fluid exchange, and 
laser photogoagulation8 have been successful in reattach-
ing the retina and improving vision.1 Because of the typical 

macular schisis appearance in patients with ODP with serous 
maculopathy, an OCT should generally be done to diagnose 
and follow up patients after surgical treatment.

Prognosis: Even though there have been cases of spontane-
ous recovery, ODP with associated maculopathy generally has 
a poor visual prognosis, especially in longstanding cases. It is 
thought that early intervention may lead to better outcomes.

REFERENCES

 1. Shah SD, Yee KK, Fortun JA, et al.: Optic disc pit maculopathy: a review 
and update on imaging and treatment. Int Ophthalmol Clin 54:61, 2014.

 2. Georgalas I, Ladas I, Georgopoulos G, et  al.:  Optic disc pit:  a review. 
Graefes Arch Clin Exp Ophthalmol 249:1113, 2011.

 3. Wall PB, Traboulsi EI: Congenital abnormalities of the optic nerve: from 
gene mutation to clinical expression. Curr Neurol Neurosci Rep 
13:363, 2013.

 4. Shenoy BH, Gupta A, Sachdeva V, et  al.:  Cornelia de Lange syndrome 
with optic disk pit:  Novel association and review of literature. Oman J 
Ophthalmol 7:69, 2014.

 5. Villegas VM, Chang JS, Hess DJ, et al.: Congenital optic nerve pit in tri-
somy 18. J Pediatr Ophthalmol Strabismus 2013 Jun 4;50 Online:e24-6.  
doi: 10.3928/01913913-20130528-02.

 6. Fea A, Grosso A, Rabbione M, et  al.:  Alagille syndrome and optic pit. 
Graefes Arch Clin Exp Ophthalmol 245:315, 2007.

 7. Ohno-Matsui K, Hirakata A, Inoue M, et  al.:  Evaluation of congenital 
optic disc pits and optic disc colobomas by swept-source optical coher-
ence tomography. Invest Ophthalmol Vis Sci 54:7769, 2013.

 8. Annesley W, Brown G, Bolling J, et al.: Treatment of retinal detachment 
with congenital optic pit by krypton laser photocoagulation. Graefes Arch 
Clin Exp Ophthalmol 225:311, 1987.

12.15 MORNING GLORy DISC ANOMALy

Definition: One of the cavitary malformations of the optic nerve. Appears on fundoscopic imaging as a ring of cho-
rioretinal pigmentary deposits surrounding an optic disc excavation with a central glial tuft.

ICD9/ICD10: 759.9/Q89.9 Syndrome Associations (Appendix)
PHACES

Birth prevalence: 1/10,000 births

Associated anomalies: basal encephalocele, agenesis of 
corpus callosum, retinal arteriovenous communication, 
Chiari 1, hypertelorism, cleft lip/palate, renal 
malformations, hypopituitarism, neurofibromatosis type 
2, moyamoya disease

Laboratory studies: MRI and MRA to look for associated 
intracranial malformations and moyamoya disease, 
kidney imaging

Prenatal diagnosis: none

Cause: unknown

Morning glory disc anomaly (MGDA) was so-named by 
Kindler because of its resemblance to the morning glory flower.1 
It is one of the cavitary malformations of the optic nerve and 
should be differentiated from other cavitary lesions in that cate-
gory such as optic pits.2 The anomaly is characterized by a large 
conical excavation of the posterior fundus involving the optic 
disc that in many cases has white glial tissue at its center, and 

is surrounded by a raised annulus of chorioretinal pigmentary 
deposition (Fig 12.15.1). Increased numbers of straight reti-
nal vessels that arise from the disc margin are also frequently 
observed. The normal pattern of the vascular arcades temporal 
to the disc and surrounding the fovea is absent.3

Patients commonly present in childhood with leukocoria, 
strabismus, or decreased visual acuity, which can range from 
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20/20 to the level of counting fingers or no light perception. 
Patients may also present with complications that can arise due 
to the contractile nature of the glial tuft that leads to the pos-
sibility of small breaks in the retina, allowing the accumulation 
of subretinal fluid. More likely the subretinal fluid’s source is 
the cerebrospinal fluid that leaks into the subretinal space via 
connections to the subarachnoid space. It is reported that up 
to 30 percent of cases may develop retinal detachments, which 
usually involve the posterior pole or peripapillary retina.4

MGDA may present as an isolated malformation or may be 
associated with systemic findings. Moyamoya disease, a cere-
brovascular abnormality characterized by abnormal narrowing 
or hypoplasia of the cerebral arteries, and other intracranial vas-
cular diseases have been reported in up to 40 percent of cases.5 
It can also be associated with transsphenoidal encephalocele, 
agenesis of the corpus callosum, and hypopituitarism. Midline 
facial abnormalities including hypertelorism, cleft lip, and cleft 
palate have been linked to morning glory disc anomaly as well.

MGDA is usually unilateral, but bilateral cases have been 
observed. Some cases of affected parent and child have been 
reported. It is estimated to occur more commonly in females 
and less in the black population.

Treatment: Unfortunately, there is no definitive treatment 
for MGDA. A trial of eye patching can be started in children 
to prevent amblyopia but should be discontinued if no prog-
ress is noticed. All patients should have regular fundus exami-
nations to identify and treat retinal detachments. Imaging 
modalities (MRI and MRA) should be ordered in all patients 
suspected to have MGDA in order to rule out and manage any 
life-threatening cerebrovascular or CNS abnormalities includ-
ing moyamoya, Chiari I, or transsphenoidal encephalocele.
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Fig. 12.15.1 Morning glory disc anomaly. Top: a funnel-shaped excavation at 
the nerve head with remnants of the hyaloid system at the center of the disc. 
Bottom: Note radiating straight vessels and fibrous tissue in center of the disc. 
The disc diameter is enlarged.
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13 | EXTERNAL EAR

DOROTHY K. GRANGE*

IntrODUCtIOn

Structural defects of the ear comprise a significant group of 
malformations because of their overall frequency and the cos-
metic and functional impact. The external ear is an important 
site for the study of phenotypic variations, malformations, and 
so-called minor anomalies. There are many medically insig-
nificant but helpful morphologic clues that lie in the ear. It is 
of note that all of the common chromosomal syndromes and 
most of the uncommon ones have variations or malformations 
of the ear as a consistent feature. The external ear alterations of 
Down syndrome and Trisomy 18 are examples of this.

Gould and Van de Water et al. have spoken to the evolu-
tionary biology of the external, middle and inner ear and to the 
application of this knowledge to the study of human malfor-
mations.1,2 Terminology as it applies to normal and abnormal 
morphology of the ear has been addressed recently by a panel 
of geneticists and dysmorphologists (Fig. 13.I.1).3

A N AT O M I C A L  E M B RY O L O G Y

The external ear is derived from the first (mandibular portion) 
and second (hyoid) pharyngeal arches, and the first pharyngeal 

cleft between the arches forms the external auditory meatus. 
At five weeks, three small elevations appear on each arch and 
these continue to grow and form six auricular hillocks by six 
weeks. Hillocks 1, 2, and 3 are located on the mandibular por-
tion of the first arch, and 4, 5, and 6 are on the second arch. 
Hillock 1 forms the tragus, 2 the helix, 3 the cymba concha, 4 
the concha, 5 the anthelix, and 6 the antitragus. This complex 
arrangement of the hillocks and their patterning explains why 
external ear defects are common and how pits and tags can 
occur. Also, neural crest cells are the major cell type respon-
sible for forming the external ear and face; these cells also 
participate in septating the heart, which explains why many 
infants with external ear or other craniofacial defects also have 
heart malformations.

At first, the ears lie in a horizontal position at the posterior 
of the mandible and are located relatively low on the side of 
the prospective neck region. As the face grows, and particu-
larly as the mandible grows posteriorly and cranially to form 
the ramus, the ears are rotated and elevated to their normal 
position.

M O L E C U L A R  E M B RY O L O G Y

Originating from growth centers of the first and second 
pharyngeal arches, development of the auricular hillocks is 
guided by molecular mediators of neural crest cell specifi-
cation, migration, and proliferation. Hox2a is expressed in 
the neural crest–derived mesenchyme that gives rise to the 
second pharyngeal arch components of the external ear. 
Regulation of hillock development by this transcription fac-
tor is exerted, in part, through BMP signaling and expression 
of Eya1.4
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13.1 aBsEnCE, malfOrmatIOn, Or HYPOPlasIa Of tHE ExtErnal Ear

(Microtia, Anotia)

Definition: Partial or complete failure to form the auricle variably manifested as a malformed or a measurably small external 
ear with minimal structural abnormality.

ICD9/ICD10: 744.23/Q17.2, Q17.9 Syndrome Associations (Appendix)
Branchio-oto-renal (EYA1, SIX5)
CHARGE (CHD7, SEMA3E)
Kabuki (KMT2D, KDM6A)
LADD (FGF10, FGFR2, FGFR3)
Meier-Gorlin (ORC1, ORC4, ORC6, CDC6, CDT1)
Miller (DHODH)
Nager (SF3B4)
Oculoauriculovertebral
Opitz FG (MED12)
Townes-Brocks (SALL1)
Treacher Collins (TCOF1, POLR1C, POLR1D)
del 22q11
Prenatal isotretinoin, thalidomide exposure

Birth prevalence: 1/3,000 – 1/20,000

Associated anomalies: craniofacial, skeletal

Laboratory studies: audiology, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian, environmental

The spectrum of microtia represents the most severe malfor-
mations of the external ear.1 The diagnosis is made from physi-
cal examination, and most clinicians utilize the classification 
of Marx as modified by others (Fig. 13.1.1).2-4 Type I micro-
tia consists of a generally small pinna that retains most of the 
overall structure of the normal auricle. Type I blends closely to 
the lop/cup defect (Entry 13.9), and clear distinction between 
it and the lop/cup defect is not made in the otologic literature. 
In this milder form the auditory meatus is usually patent, and 
defects of the ossicular chain are infrequent. Type II microtia is 
a moderately severe anomaly with a longitudinal mass of carti-
lage that has some resemblance to the pinna; the rudimentary 
auricle will be hook shaped or have an S or a question mark 
appearance. Type III microtia represents the prototype of this 
spectrum and is the most common abnormality in the surgi-
cal series, comprising 50 to 60 percent of cases (Fig. 13.1.1C). 
The ear is usually a rudiment of soft tissue, and the auricle no 
longer has any resemblance to the normal pinna. It is often 
called “peanut” shaped. Types II and III microtia are almost 
always associated with external auditory canal atresia, and 
about 75 percent of cases will have some degree of mandibu-
lar hypoplasia.3 About 10 percent of individuals with types II 
and III microtia will have ipsilateral facial nerve weakness, and 
about 15 percent will be labeled as having hemifacial microso-
mia. Type IV microtia consists of anotia and there is no pinna 
tissue present at all (Fig.  13.1.1D). In the surgical series of 
311 cases reported by Jafek et al., approximately 18 percent of 
patients were classified type I microtia, 20 percent type II, and 
50 percent type III malformation.5 Only 3 percent had anotia 
(type IV), and the remainder of the series had meatal atresia 
without external ear defects (Entry 13.7). In larger population 
series anotia represents about 10–20 percent of cases. Microtia 

types I–III will occasionally be accompanied by a preauricular 
tag that probably represents the mildest form of the continuum 
of this developmental field defect.

The degree of hearing loss in persons with microtia depends 
on the presence of meatal atresia, middle ear ossicular chain 
defects, and the occasional occurrence of inner ear dyspla-
sias. In nonsyndromal microtia there is a definite correlation 
between the degree of external ear defect and the presence of 
middle ear malformations. High-resolution CT of the middle 
and inner ear greatly assists in the diagnosis of these associated 
defects, as well as in the planning of surgery. In infancy and 
the preschool years, the degree and type of hearing loss can be 
detected with brainstem evoked response, behavioral testing, 
and impedance audiometry. Axial and coronal CT are usually 
deferred until just prior to the planned surgical intervention. 
The range of associated middle ear ossicular defects is wide 
and seems not to follow any pattern. Fusion of the malleus to 
the atresia plate or to the walls of the epitympanic recess is 
common in individuals with meatal atresia.

About 20–40 percent of children with microtia/anotia will 
have an associated defect or an identifiable syndrome pat-
tern.6,7 Hennekam et al. and Tewfik and Der Kaloustian have 
cataloged the many syndromes that can have microtia as a fea-
ture.7,8 The most important condition associated with microtia 
is the oculoauriculovertebral spectrum (OAV). Investigators 
at the Center for Craniofacial Anomalies at the University 
of Illinois have meticulously documented the relationship 
between isolated microtia, ear tags, hemifacial microsomia, 
Goldenhar syndrome, and the OAV spectrum.9 The range 
of findings within familial cases of the Goldenhar syndrome 
and of isolated (apparently nonsyndromal) microtia suggests 
a continuum; however, it is not clear that all individuals who 
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have isolated microtia always have it as one end of the OAV 
spectrum. Although there is general consensus that microtia 
is the mild end of expression of the OAV spectrum, certainly 
not all of the syndromes in which microtia occurs will exhibit 
the entire OAV spectrum. It is clear that this malformation 
pattern is a condition of etiologic and pathogenetic heteroge-
neity.7,10 Any individual who has apparently isolated microtia 
(with or without hemifacial microsomia) is a candidate for this 
diagnosis.

In addition to the well-delineated syndromes, microtia 
appears to have other, nonrandom associations. Kaye et  al. 
documented a positive association between microtia and cervi-
cal spine fusion, not necessarily as part of the OAV spectrum.6 
Their data suggest that individuals with isolated micro-
tia should be investigated for the presence of cervical spine 
abnormalities. One of the most widely discussed associations 
in pediatrics is the apparent relationship between external ear 
defects and renal malformations. Other than the occurrence 
of auricular abnormalities (including microtia) in the many 
syndromes characterized by both ear and kidney defects, there 
is no conclusive epidemiologic evidence that an external ear 
defect is a marker for renal malformation warranting invasive 
urologic investigation. This issue is discussed again in detail in 
connection with low-set ears (Entry 13.8).

The most important association with microtia is conduc-
tive and sensorineural hearing loss. As pointed out by Jaffe, the 
entire range of microtia, as well as other, milder ear defects, 

should always bring to mind middle and internal ear abnor-
malities.11 Bassila and Goldberg found a 16 percent occurrence 
of sensorineural hearing loss in individuals with microtia and/
or hemifacial microsomia.12 Naunton and Valvassoril detected 
a frequency of 8 percent, whereas in the Jafek et al. cases, none 
had neural hearing loss.5,13 More recently Calzolari et al. found 
inner ear dysplasia in 10 percent.14 Certainly inner ear abnor-
malities and sensorineural hearing loss should be excluded 
when following individuals with microtia.

A number of epidemiologic investigations worldwide have 
estimated the birth prevalence of microtia/anotia to range 
from 1/3,000 to 1/20,000 and a male to female predominance 
of about two to one. In unilateral microtia, the location is 
right-sided about 60 percent of the time. In the larger series, 
about 10  percent of individuals were affected bilaterally and 
about 80  percent had meatal atresia. Microtia is associated 
with other anomalies in 28–49 percent with 6–9 percent repre-
senting well-defined syndromes.15,16

The etiology of microtia is heterogeneous. Microtia types 
I–III can also occur as features of chromosome disorders, espe-
cially type I microtia in trisomy 21 and types II–IV microtia in 
trisomy 18 and 13 syndromes. Microtia/anotia is a consistent 
finding in the isotretinoin embryopathy. The discovery that the 
vitamin A congeners are human teratogens and that they can 
produce alterations of morphogenesis of the external ear has 
paralleled a body of work surrounding the role of neural crest 
in ear development. Microtia and external ear malformations 
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Fig. 13.1.1 Microtia I: small ear with usual anatomic components, here with excessive downward folding of superior helix in an infant with Down syndrome 
(A). Microtia II: vertical mass of cartilage with only superficial resemblance to ear, here with atresia of the external canal and preauricular tag in an infant with 
Goldenhar syndrome (B). Microtia III: irregular tissue mass without resemblance to external ear, here with atresia of the external canal in a child with Goldenhar 
syndrome (C). Microtia IV: absence of external ear in a child exposed prenatally to thalidomide (D).
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have been produced in various animal models with trypan 
blue, thalidomide, and the vitamin A congeners. Poswillo pro-
posed that the pathogenesis of microtia with associated hemi-
facial microsomia was due to embryonic hematoma formation 
in the area of the blood vessels that precede the formation of 
the stapedial artery stem.17 It is difficult to explain the entire 
continuum of the OAV spectrum (lower spinal defects, epibul-
bar dermoids) as secondary to a vascular disruption. An alter-
ation in cephalic neural crest migration is certainly the most 
attractive hypothesis to explain the pathogenesis of microtia/
anotia currently.

Most cases of microtia/anotia are isolated, with no fam-
ily history, and most large surgical series indicate that less 
than 10 percent of the time is there a family history; however, 
numerous authors have mentioned the occasional occurrence 
of a positive family history in nonsyndromal microtia. Rollnick 
and her colleagues at the University of Illinois have docu-
mented higher frequencies of first-degree and second-degree 
relatives with ear abnormalities in individuals with microtia 
with or without hemifacial microsomia.9 In their studies, 8 per-
cent of first-degree relatives had some degree of ear abnormal-
ity, including preauricular tags. While most of their patients 
were classified as hemifacial microsomia as opposed to iso-
lated microtia, eight of 15 of their cases diagnosed as microtia 
had a positive family history. Their data suggest that microtia 
is part of a continuum that extends to hemifacial microsomia 
and Goldenhar syndrome as mentioned above. These investi-
gators thought that the multifactorial model of causation fits 
the data best. Looking closer at immediate families in their 
data set, one can note two kindreds of multiple affected sibs 
with no other affected relatives, a pattern that might suggest 
autosomal recessive inheritance. However, there were 19 other 
pedigrees that showed generation to generation transmission 
suggestive of dominant inheritance.

One of the classic pedigrees cited to support the idea of 
recessive inheritance of microtia with meatal atresia is that 
studied by Elwood et al.18 Yet in this kindred there was con-
sanguinity, the actual defect was called anotia, and two of 
the children died in the first few months of life, suggesting a 
more complicated syndrome, perhaps of recessive inheritance. 
These data taken together suggest that nonsyndromal micro-
tia with meatal atresia is probably not inherited as a simple 
autosomal recessive disorder but rather occurs in many fami-
lies as an autosomal dominant trait with variable expression 
and incomplete penetrance. In the dominant familial cases, 
unilateral and bilateral microtia with or without hemifacial 
microsomia occur in the same family. Occasionally some 
family members simply have the presence of tags. The most 
parsimonious explanation for the genetics of nonsyndromal 
microtia is to invoke complex multifactorial causation in most 
cases, with well-established autosomal dominant inheritance 
representing a small proportion. Regarding the molecular 
genetics of familial nonsyndromal microtia, it is reasonable to 
postulate that a gene predisposing to OAV, hemifacial micro-
somia, or microtia could be on 14q32 because of linkage in 
two families.19

Prenatal diagnosis of microtia can be achieved with ultra-
sound on measurement and morphological grounds. Milder 

forms (type I microtia) are more likely than severe forms to 
be missed.

The impact of microtia/anotia is twofold:  stigmatization 
related to the visible craniofacial defect and hearing loss. The 
child with microtia often suffers from psychosocial issues 
related to the visible defect. The microtic ear draws attention 
to the difference, and this can be especially problematic during 
the elementary school years when conformity and sameness 
are so important. In addition, some children with microtia will 
have an adverse effect from hearing loss. The hearing threshold 
is at usually about 60dB in an affected ear. This is of course of 
greater concern in the child with the bilateral microtia. Even 
moderate conductive unilateral hearing loss may be an issue in 
school performance and social settings. Ear canal reconstruc-
tion or bone conduction amplification for improved hearing 
should be discussed in detail with the family at an early age, so 
the implications of improved hearing can be weighed against 
the risks of the surgical intervention.

Treatment: Children with microtia, either isolated or as part 
of the OAV anomaly, are frequently evaluated and cared for 
by craniofacial specialists on a team. The surgical manage-
ment of microtia is complicated, and numerous surgeons have 
developed creative approaches to reconstruction. While some 
otolaryngologists argue for meatal atresia being repaired prior 
to ear reconstruction, more recently most surgeons approach 
external ear surgery first. Certainly the surgical repair should 
be accomplished by plastic surgeons and otolaryngologists 
who are used to working together and are experienced in 
reconstruction.

There are two approaches:  prosthetic management and 
auricle reconstruction. Though it is important to offer the fam-
ily a choice of no intervention, most families will desire the 
child to have a more normal facial appearance. Surgical recon-
struction of the external ear is a multistaged endeavor and, as 
with any surgery, there are risks involved. Prosthetic manage-
ment requires the diligence of a maxillofacial prosthedontist. It 
has not received much acceptance in the United States.

A prosthetic ear can be made to look very lifelike. Because 
there are few limitations to thickness, coloration, and revi-
sion, the child with prosthesis may actually have a more nor-
mal appearance than the child with a reconstructed auricle. 
Families are often concerned about removing the ear prosthe-
sis for physical activities and cleaning. The prosthesis histori-
cally has been attached with adhesives or tape. This could be a 
limitation for the active child.

The use of titanium implants to anchor the prosthesis has 
revolutionized the field of maxillofacial prosthetics. These 
implants have been used for both dental and facial reconstruc-
tion. The titanium implants oseointegrate into the bone and 
are relatively nonreactive. They have a post that comes through 
the skin or mucosa for placement of the prosthesis. The use 
of bone-anchored prostheses eliminates many of the concerns 
noted in other methods of retention.20,21 Similar to auricular 
reconstruction, this is also a multistaged operation but is not 
as invasive.22

The classical surgical reconstruction consists of four 
stages for auricular reconstruction,4,23,24 followed by canal and 
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middle ear reconstruction. Although there is some contro-
versy as to the best timing for reconstruction, many believe 
the ideal time is before the child enters first grade, at five to six 
years of age. The auricle is usually >90 percent of its full size 
by then. One uses the normal ear to develop a template for the 
reconstruction. In the case of bilateral atresia, the template 
can be made from one of the parents’ ears. High-resolution 
CT is required prior to surgery to delineate the commonly 
associated ossicular chain defects as well as the anatomy of 
the facial nerve.25

Regardless of philosophy or staged approach, recon-
struction involves the placement of the selected framework 
(usually a sculpted costal cartilage graft), development of a 
post-auricular sulcus and concha, rotation of the lobule, 
repair of the atresia and its plate, and the final adjustments 
of the helix and placement of the auricle. The reconstructed 
auricle is allowed to heal for a number of months before the 
canal is reconstructed, to assure the health of the cartilage 
and flaps. In the past, individuals with unilateral microtia 
with meatal atresia usually did not have repair of the atresia. 
However, some investigators feel that the benefits of binaural 
hearing exceed the risk of surgery, even the risk of damage to 
the facial nerve. Approach to the associated ossicular chain 
defects is discussed in the sections on middle ear malforma-
tions (Entries 14.1 to 14.10).

In meatal atresia there is usually a firm bony union of the 
malleus with the atretic plate. This needs to be repaired in order 
to regain hearing. Also, in most cases of types II–IV microtia, 
malformations of the malleus and incus are present. There is 
a high incidence of facial nerve anomalies in these patients. 
Thus families need to be counseled about potential facial nerve 
injury from surgery. Most series indicate an average of a 30 dB 
increase postoperatively. Patients who have a relatively intact 
middle ear will obviously have better results postoperatively 
than those who have major ossicular chain defects.

Hearing restoration can be done using a bone anchored 
hearing aid (BAHA).26 This uses osseointegration to place an 
implant into the mastoid bone. The post is coupled to a device 
that translates the auditory signal to vibration, working much 
like the bone conduction hearing aids but with far superior 
fidelity. It has also shown remarkable improvement for chil-
dren with unilateral hearing loss.

Prognosis: It is important to note that children with micro-
tia/anotia require meticulous hearing evaluation in infancy 
and appropriate audiologic management. Conductive hearing 
aids are crucial in children with meatal atresia or other struc-
tural causes of hearing loss. Preschool programs for infants 
with mild, moderate, and severe hearing loss exist in most 

areas of North America, and referral to these programs as soon 
as possible is important.
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13.2 small Ear

Definition: External ear with essentially normal anatomy but with a length of 2 SD or more below the mean.

ICD9/ICD10: none Syndrome Associations (Appendix)
Opitz FG (MED12)
Trisomy 21

Birth prevalence: unknown

Associated anomalies: usually none

Laboratory studies: none

Prenatal diagnosis: none

Cause: normal variation

An external ear that has normal anatomy or only a minor 
abnormality of configuration but has a length of 2 SD or more 
below the mean is considered small. Ear length is determined 
by measuring the ear from the superior helix to the lobe. 
Normal ear length is greater than 30 mm in a full-term infant. 
There are standards for plotting ear length at birth and in older 
infants and children (Fig. 13.2.1).1-3

Small but structurally normal ears may be seen in Down 
syndrome. Most babies with Down syndrome have mild ear 
variations, including defects in the lop/cup ear continuum 
(Fig. 13.2.2). However, some simply have a normal-appearing 
auricle that is small. Only rarely will a newborn with Down 
syndrome have an ear measuring over 3.1 cm.

A study of over 1500 children by Kalcioglu et al. showed 
that vertical ear growth is complete in girls by the age of 11 
and in boys by the age of 12 years.4 However, growth of the 
ear width from the tragus to helix was almost complete by 
six years of age. The ear width from the tragus to anthelix 

attained its full size at six months for girls and 12  months 
for boys.

The etiology and pathogenesis of the small, non-malformed, 
nonmicrotic ear are unknown. The physical stigma associated 
with a small ear is minimal.

Treatment: No treatment is needed.

Prognosis: Prognosis is excellent since this finding is within 
the normal range.
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Fig. 13.2.1 Curves for normal ear length. Left curve shows growth percentiles from birth to age 14 years. (From Feingold M, Bossert WH: Normal values for 
selected physical parameters: an aid to syndrome delineations. BDOAS X(13):1, 1974.) Right curve shows mean ear length for males (solid line) and females 
(dashed line) from birth to age 70 years. (From Goodman RM, Gorlin RJ: The Malformed Infant and Child. Oxford University Press, New York, 1983.)



E x t E r n a l   E a r  |  443

13.3 larGE Ear

(Macrotia)

Definition: Length of the auricle above the 97th percentile on standard curves.

ICD9/ICD10: 744.22 / Q17.1 Syndrome Associations (Appendix)
Börjeson-Forssman-Lehmann (PFH6)
Cerebro-oculo-facio-skeletal (ERCC6)
Cohen (COH)
Fragile X (FMR1)
Kabuki (KMT2D, KDM6A)
Melnick-Needles (FLNA)
Nance-Horan (NHS)
Weaver (EZH2)
Pallister-Killian (tetrasomy 12p)
Langer-Giedion (del 18q24.1)
Oligohydramnios sequence

Birth prevalence: 1/33

Associated anomalies: may be isolated or may be 
associated with numerous other anomalies if part of a 
syndrome

Laboratory studies: gene sequencing

Prenatal diagnosis: unlikely

Cause: normal variation, chromosomal, Mendelian

The diagnosis of large ear, or macrotia, is made by measuring 
the length of the external auricle (Fig. 13.3.1). This is accom-
plished by taking the measurement between the superaurale, 
which is the highest point of the free margin of the auricle, and 
the subaurale, which is the lowest portion of the free margin 
of the ear lobe. This can be done with a standard ruler or tape 

measure, and the value can be plotted in the available curves, 
many of which are in standard texts.1,2 At birth, the ear usually 
measures less than 4.2 cm. The ear grows steadily throughout 
the first two years of life and then slows in growth until age five 
years, when the slowing increases. The large ear is often promi-
nent and protruding from the side of the head.

 

Fig. 13.2.2 Left: Small ear with near normal configuration in child with Trisomy 21. Right: Small ear with thickened landmarks but overall normal configuration in an 
infant of a diabetic mother.
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There are a number of other syndromes in which macrotia 
has been noted.3,4 One of the most important syndromes to 
consider in individuals with macrotia is fragile X syndrome. 
This disorder is rarely noted in infancy and early childhood, so 
the actual growth curve of the ear in the fragile X syndrome is 
unknown. However, in an older child—especially in a boy with 
intellectual disabilities—this is an important physical finding. 

Large ears are also found in the oligohydramnios sequence and 
may be due to external compression (Fig. 13.3.2).5

Although no specific prevalence studies have been per-
formed to examine the frequency of large ears, macrotia 
by definition does occur in 3 percent of individuals. This, 
then, is not strictly a malformation but is an excessive 
growth phenomenon. However, intrauterine constraint due 
to oligohydramnios could be a pathogenetic mechanism 
inducing excessive growth of the ear.5 A  large, unfolded, 
floppy ear is one of the craniofacial features recognized by 
Potter in the disorder that bears her name, Potter syndrome 
(Fig. 13.3.2).

Treatment: Surgical reduction of ear size in individu-
als with macrotia can be done if desired but is uncommonly 
performed.6

Prognosis: The major impact of macrotia is stigmatization 
associated with prominent ears.
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Fig. 13.3.1 Macrotia. Large ear in a 2-month-old infant with microcephaly of unknown cause (A), in a male aged 2 years 9 months with fragile X syndrome (B), and 
in an adult female carrier of the fragile X chromosome (C). Note the lack of helical folding.

Fig. 13.3.2 Enlarged and flattened ear in a 34-week fetus with Potter syndrome.
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13.4 CrYPtOtIa

(Buried Ear, Hidden Ear)

Definition: Incomplete separation of the posterior aspect of the superior helix of the auricle from the adjoining scalp.

ICD9/ICD10: V13.64/Q17.9 Syndrome Associations (Appendix)
Fraser (FRAS1, GRIP1, FREM2)
Epidermolysis bullosa (ITGB4, ITGA6, PLEC1)
Trisomy 18

Birth prevalence: 1/400 in Japan; unknown in other 
populations

Associated anomalies: usually none

Laboratory studies: none

Prenatal diagnosis: none

Cause: sporadic, chromosomal, Mendelian

The diagnosis is made by observation and physical examina-
tion; the upper portion of the auricle is buried beneath the 
temporal skin and although it can be pulled out, it returns to 
its original position when released (Fig. 13.4.1)

Cryptotia is usually an isolated defect, but it does occa-
sionally occur as a part of a syndrome. The Fraser cryptoph-
thalmos syndrome and Trisomy 18 are the two most common 
associated entities. Cryptotia is also seen in the Carmi form 
of epidermolysis bullosa. However, cryptotia is usually non-
syndromal. Unless it is part of a syndrome, this defect is not 
usually associated with other external, middle, or internal ear 
changes. Familial cryptotia has been described in one occasion, 
and there was male-to-male transmission in two generations.1

Japanese investigators have emphasized that cryptotia 
occurs much more commonly in East Asia than elsewhere in 

the world.2 The frequency of cryptotia in Japan is estimated 
to be 1 in 400.2 Cryptotia affects males more than females 
(2:1), and the right auricle more often than the left (2:1). 
There are more cases of unilateral cryptotia than bilateral 
cryptotia (7:3).3

The cause of cryptotia is unknown, but it was proposed by 
Wreden in 1870 that it develops due to the anomalous inser-
tion of the superior auricular muscle into the upper part of the 
helix rather than the eminentia triangularis.4

Treatment: Plastic surgeons, especially in Japan and other 
East Asian countries, have developed a number of techniques 
and approaches for the treatment and repair of cryptotia.2-8 
Treatment is indicated to improve the cosmetic appearance of 
the ear and also to allow the affected individual to be able to 
wear glasses or a mask. Surgery involves releasing the supe-
rior portion of the helix from its buried position. The ear is 
then elevated and a flap of local skin and tissue is used to cover 
the posterior ear cartilage. In some cases, a split thickness skin 
graft may be required.

Prognosis: Prognosis is excellent with surgical treatment.
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Fig. 13.4.1 Cryptotia. Incomplete separation of the superior and 
posterior aspects of the pinna from the scalp. (From Aase JM: Diagnostic 
Dysmorphology. Plenum Press, New York, 1990.)
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13.5 sYnOtIa anD OtOCEPHalY

(Agnathia, Agnathia-Holoprosencephaly)

Definition: Marked underdevelopment or almost total absence of the mandible associated with location of the external 
auricles anteriorly and inferiorly, approaching fusion near the midline.

ICD9/ICD10: Synotia 759.89/Q89.8, Otocephaly 744.49/
Q18.2

Syndrome Associations (Appendix)
Holoprosencephaly (SIX3, SHH, TGIF, PTCH1, FGF8, 
ZIC2, GLI2, TDGF1, FAST1, CDON, GAS1, DLL1, STIL)

Birth prevalence: 1/70,000

Associated anomalies: holoprosencephaly, situs inversus, 
cardiac and renal anomalies

Laboratory studies: chromosome analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: polyhydramnios, facial anomalies

Cause: chromosomal, Mendelian, teratogens

This complex defect in early craniofacial development is easily 
diagnosed on physical examination (Figs. 13.5.1, 13.5.2). The 
mandible is either totally missing or very small, with the exter-
nal ears located in a ventromedial position near the midline 
(melotia) or fused in the midline (synotia) in the usual place 
of the mandible. A very small or absent oral opening is a con-
sistent feature, and there is often persistence of the buccopha-
ryngeal membrane. Because of the respiratory difficulties and 
the associated central nervous system defects, this malforma-
tion complex is almost uniformly fatal in the perinatal period. 
About 150 cases have been reported in the medical literature.1,2

The facial defect may occur alone or in association with 
holoprosencephaly. A  number of other associated congeni-
tal defects have been reported, but no syndrome pattern 
has emerged. The combination of agnathia and holopros-
encephaly is probably the most important associated 
defect. Kauvar et  al. reported on a group of patients with 
the agnathia-holoprosencephaly spectrum and noted that 
53 percent had cyclopia, as opposed to 7.4 percent to 27 per-
cent in other holoprosencephaly cohorts.3 Pauli et  al., Stoler 
and Holmes, Ozden et al., and others have described cases of 
agnathia with situs inversus, vertebral defects, and cardiac and 
renal malformations.4-6

The precise frequency of otocephaly is unknown. 
Hennekam et al. cited a prevalence of less than 1 in 70,000.2 
Most cases are sporadic, but there have been reports of 
familial cases. Pauli et al. described a family that included 
two siblings, one of whom had cebocephaly and agnathia 
and the other a milder craniofacial defect with severe 
micrognathia and arhinencephaly on autopsy.7 It was later 
documented that this family had an unbalanced chromo-
some finding involving 6p and 18p.8 One of the stillborn 
infants in the original series was re-karyotyped and was 
found to have a derivative chromosome 18 with partial tri-
somy for the distal part of 6p and monosomy for the distal 
half of 18p.

Various authors have postulated that the basic defect 
in the pathogenesis of otocephaly is an alteration in neural 
crest migration. Juriloff et  al. described an autosomal reces-
sive version in mice that also have holoprosencephaly.9 
Clarke et al. documented the frequency of agnathia (referred 
to as aglossia) in C57 and C3H mice to be approximately 
1 in 200.10 Holoprosencephaly has not been sought in this 
mutant, although choanal atresia and aglossia are present. 
Mice heterozygous for Otx2 mutations have otocephaly or 
agnathia-holoprosencephaly.11

Fig. 13.5.1 Synotia. Sketches of infants with otocephaly showing variable configuration of the ears and other facial structures. (From Hennekam et al.2)
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PRRX1 has a known role in mandibular-facial devel-
opment and was therefore considered a good candidate 
gene. In 2011, Sergi and Kamnasaran identified a hetero-
zygous loss-of-function mutation in PRRX1 in a fetus with 
agnathia-otocephaly complex.12 Celik et  al. later identified a 
homozygous loss-of-function mutation in PRRX1 in an infant 
with agnathia-otocephaly complex born to consanguineous 
parents, and Donnelly et  al. identified a de novo heterozy-
gous truncating mutation in PRRX1 (c.267delA) in a patient 
with agnathia-otocephaly complex detected by prenatal ultra-
sound.13-14 Finally, Dasouki et  al. found a heterozygous 4-bp 
duplication (c.266dupA) in an affected patient that resulted 
from paternal germline mosaicism and which occurred in a 
polyA tract in exon 2 of PRRX1, suggesting replication slip-
page as the mechanism.15 More recently, OTX2 mutations 
have been identified in affected individuals with otocephaly. 
OTX2 mutations are also associated with autosomal dominant 
microphthalmia and anophthalmia and, interestingly, in one 
large family with autosomal dominant microphthalmia, two 
cousins with otocephaly were born to mothers with microph-
thalmia.16 The same group also reported a sporadic case of oto-
cephaly with a heteroxygous OTX2 mutation in a 12-year-old 
girl, probably the oldest surviving affected individual. Two 
additional cases with otocephaly complex with OTX2 muta-
tions were reported by Patat et al.17

Otocephaly has been produced in experimental models 
in laboratory rodents using streptonigrin, trypan blue, hyper-
thermia, and X-irradiation.2,18 Other chemicals that have been 
implicated include theophylline, beclomethasone, amidopy-
rine, mycophenolate and phenytoin.18 The defect also occurs 
spontaneously in sheep, rabbits, and guinea pigs as well as in 
the mouse.

Prenatal diagnosis by ultrasound and MRI scan has been 
reported on several occasions.19 Given the severity of morpho-
logic findings in this disorder and its associated malformations, 

most cases could likely be detected by 16–20 weeks of gestation 
using high-resolution ultrasound.

Treatment: There are reports of infants identified prenatally 
who have been resuscitated at birth, at least one using an EXIT 
(ex utero intrapartum treatment) procedure, with placement of 
a tracheostomy to support the airway, followed by insertion of 
a gastrostomy for feeding.15,18 However, in the majority of cases 
heroic measures to sustain life are not undertaken due to the 
extreme nature of the defects.

Prognosis: Agnathia-otocephaly results in death in almost 
all cases due to marked respiratory deficiency resulting from 
the persistence of the buccopharyngeal membrane and fre-
quent choanal atresia. The association of holoprosencephaly in 
many of the reported cases also contributes to the lethality of 
this complicated developmental defect.
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Fig. 13.5.2 35-week-old fetus with alolar holoprosencephaly and otocephaly. 
Note very small mouth.
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13.6 POlYOtIa

Definition: True and complete duplication of the external auricle.

ICD9/ICD10: 744.1/Q17.0 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: unknown

Laboratory studies: audiology

Prenatal diagnosis: possible with ultrasonography

Cause: unknown

The case of von Bol and de Kleynl was the first authentic case 
of a true duplication of the auricle.1 In this case, the infant had 
a left ear, with two external auricles facing each other as a mir-
ror image. Both were fully developed, but a tragus was lacking. 
Other cases of alleged polyotia are examples of large auricular 
appendages. The case reported by Gadre et al. of an individual 
with polyotia and the Cornelia de Lange syndrome is uncon-
vincing, in that this child’s defect appears to be an enlarged 
accessory appendage.2 The patient of von Bol and de Kleyn had 
a left-side cleft lip and cleft palate as well as an ocular dermoid, 
so this individual may have had the oculoauriculovertebral 
spectrum (OAV).1 Other cases have been reported includ-
ing another example of an isolated mirror image duplication 
described by Bajaj et al. (Fig. 13.6.1).3-5

The birth prevalence of polyotia is obviously low, given 
only a few widely agreed upon cases. It is of note that the 
patients of von Bol and de Kleynl and Bendor-Samuel had no 
tragus in the duplicated auricles.1,3 This is notable in that some 
investigators believe that the tragus is the only hillock derived 
from the first branchial arch.6 This suggests that true polyotia 
in this case may represent a true duplication of the hillocks 

that were part of the second branchial arch. The distinction 
between accessory appendages and true polyotia may be moot 
if one assumes that auricular appendages are duplicated struc-
tures of the auricular hillocks in the first place. Large auricular 
appendages then would represent duplication of more of the 
hillocks, with occasional total duplication of the hillocks.

Treatment and Prognosis: Surgical reconstruction has 
been successful in true polyotia, as it is in individuals with 
auricular appendages.3-5
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A B

Fig. 13.6.1 A: Polyotia of the patient’s right ear. B: Normal left ear. (From Bajaj et al.5)



E x t E r n a l   E a r  |  449

13.7 anOmalIEs Of tHE ExtErnal aUDItOrY Canal

(Aural Atresia, Aural Stenosis, Duplication of the External Auditory Meatus, Meatal Stenosis, Meatal Atresia, Colloaural Fistulas)

Definition: Atresia or stenosis: failure to form or narrowing of the external auditory canal without microtia. 
Duplication: sinus tracts or cysts in close proximity to the external auditory canal.

ICD9/ICD10:
Atresia/Stenosis: 744.02/Q16.1
Duplication: 744.3/Q17.9

Syndrome Associations (Appendix)
Atresia/Stenosis
Antley-Bixler (FGFR2, POR)
Crouzon (FGFR2)
Oculoauriculovertebral
Rasmussen
del 18q
Trisomy 18
Duplication
None

Birth prevalence: 1/50,000

Associated anomalies: variable depending on syndrome 
association

Laboratory studies: audiology, CT, chromosome analysis, 
genomic microarray, gene sequencing

Prenatal diagnosis: unlikely

Cause: sporadic, chromosomal, Mendelian

AT R E S I A  A N D  S T E N O S I S

Congenital external auditory canal atresia or stenosis without 
an external ear malformation or microtia is uncommon. Few 
reports of this malformation were published before the 1980s. 
The series of 311 patients with aural atresia reported by Jafek 
et al. showed that only 24, or about 6 percent, had atresia with-
out a concomitant microtia.1 The absence of an obvious exter-
nal malformation hampers early detection, and the average 
age of diagnosis in the series of Grundfast and Camilon was 
2.5 years, with a range of two months to seven years.2 The prac-
titioner may assume that the narrow or missing ear canal is due 
to some debris in the canal, missing the diagnosis. Cases with 
unilateral stenosis or atresia are even more often overlooked 
than bilateral cases. Recognition is obviously made by exami-
nation of the ear canal with an otoscope or could be detected 
in the neonatal period because of a failed newborn hearing 
screen. High-resolution CT is indicated to assess the presence 
of an atretic bony plate and also the status of associated middle 
ear ossicular defects.3

Atresia of the external meatus may be osseous or membra-
nous. In osseous atresia the tympanic bone is replaced by an 
atretic plate. Aural atresia (AA) has been classified in various 
ways; Cremers divided AA into three types. In type I there is 
osseous or membranous atresia of the auditory canal but an 
almost normal medial aspect of the canal and a normal middle 
ear.4 Type II, which accounts for most of the cases, involves a 
partially or totally atretic ear canal with variable involvement 
of the middle ear. In type III there is a complete bony meatal 
atresia, with a very small or absent middle ear cavity.

Jahrsdoerfer proposed a grading system for AA.5 This sys-
tem gives points for the presence of normal structures (e.g., 
stapes present). Higher scores predict better surgical outcome. 
Atresia of the auditory canal obviously produces a conduc-
tive hearing loss, which is usually of about 60 decibels. In the 

rare patient who has a concurrent inner ear abnormality, there 
may be a mixed type of loss. As was mentioned in the discus-
sion of microtia/anotia (Entry 13.1), sensorineural hearing 
loss occurs more commonly in association with external and 
middle ear defects than was originally proposed in the early 
otolaryngology literature.

Isolated external auditory canal atresia/stenosis can occur 
as a marker for the deletion 18q syndrome. Any child with this 
atresia/stenosis who has other mild malformations, phenotypic 
variations, or developmental delay should be regarded as pos-
sibly having this common chromosomal syndrome. Auditory 
canal stenosis without microtia is also seen in Trisomy 18, 
in Oculoauriculovertebral spectrum, and in the syndrome 
reported by Rasmussen et al. In the latter condition, congenital 
vertical talus and hypertelorism occur along with atresia of the 
external auditory canal, but none of the kindred had external 
ear defects.6 The condition is inherited as a dominant trait and 
may represent a submicroscopic 18q deletion.

While microtia with meatal atresia unilaterality is much 
more common than bilaterality, aural atresia without microtia 
has equal occurrence of bilateral and unilateral defects.2 Males 
and females are equally affected.

Because the syndromes showing isolated auditory canal 
atresia/stenosis are generally different from those showing 
microtia with meatal atresia, this defect probably reflects a 
unique alteration in morphogenesis. It is also of note that in 
the few familial cases, the degree and frequency of ossicular 
chain abnormalities are less than what is usually seen in micro-
tia with meatal atresia. As was noted above, the sex ratio and 
sidedness differ from those in atresia with microtia. These facts 
support the notion that this anomaly is a different alteration in 
morphogenesis.

Besides the family reported by Rasmussen et al., in whom 
the meatal atresia occurred as part of a syndrome, three other 
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families have exhibited generation-to-generation transmis-
sion, suggesting dominant inheritance.6 The family studied by 
Robinow and Jahrsdoerfer showed male-to-male transmission, 
indicating autosomal dominant inheritance in that kindred.7 
Thus atresia of the auditory canal without microtia is inher-
ited in an autosomal dominant fashion in some cases. Veltman 
et al. defined a critical region of 5 Mb responsible for AA in 
the 18q deletion syndrome.8 Feenstra et al. identified deletions 
of the teashirt zinc finger homeobox 1 gene, TSHZ1, in two 
families with overlapping 18q deletions associated with atre-
sia of the external canal, and subsequently they found hetero-
zygous mutations in this gene in other families with isolated 
autosomal dominant aural atresia, indicating that haploinsuf-
ficiency for TSHZ1 is the etiology.9 TSHZ1 has been shown to 
be important for murine middle-ear development.

Treatment: Bone conduction hearing aids can be placed 
before the child reaches age six months, and surgery is usu-
ally planned for about age five to six years.3 Reconstruction is 
delayed because pneumatization of the mastoid is not com-
plete until that time. Radiographic evaluation of the middle ear 
with high-resolution CT is important to determine the ossicu-
lar chain defects as well as the anatomy of the facial nerve and 
middle ear cleft. Documentation of a sensorineural component 
to the hearing loss is also important for prognostic planning.

Surgical intervention for auditory canal atresia or stenosis 
is performed by an experienced otolaryngologist.10-12 The pro-
cedure involves creation of a new ear canal, use of the residual 
ossicular chain or replacement with an ossicular prosthesis, 
and creation of a new tympanic membrane using temporalis 
fascia and split thickness skin graft. Extreme care is needed 
during dissection of the posterior canal because of abnormal 
course of the facial nerve.

Prognosis: In general, a postoperative hearing level of 30 dB 
or better can be achieved in 50 percent to 75 percent of patients 
with aural atresia.10,12 A hearing level of 20 dB or better is pos-
sible in 15 percent to 50 percent of these patients. For patients 
with unfavorable anatomy (e.g., lack middle ear pneumatiza-
tion, facial nerve overlying the oral window), one should con-
sider that bone-anchored hearing aid implantation may be the 
best alternative.

Children with unilateral atresia also require regular oto-
logic assessment. The contralateral “normal” side must be 
monitored closely for otitis media. These patients are adversely 
affected by even transient hearing loss involving their func-
tionally hearing ear. The contralateral “normal” side must also 
undergo hearing testing.

D U P L I C AT I O N

Cysts or sinus tracts representing duplication defects of the 
first branchial cleft or groove are found in the region of the 
external auricle and external auditory canal.13,14 These defects 
have been classified as either type I or type II.13 Type I defects 
involve the membranous canal and are histologically epider-
moid cysts; these sacs have no cartilage or adnexal structures 
and course medially, inferiorly, and posteriorly to the pinna. 

Drainage can occur from the cystic structure, but there is no 
external pit or any association with auricular tags. These first 
branchial cleft sinus/cysts are internal, and these defects usu-
ally present as a mass or abscess.

Type II lesions, which are more common than type I, involve 
apparent duplication of the membranous and cartilaginous por-
tions of the external auditory canal. These cysts/sinuses contain 
skin, with adnexal structures and cartilage, and often connect 
with the auditory canal and extend into the neck. The drainage 
site is occasionally below the angle of the mandible.

Both type I and type II cysts often originate in the external 
auditory canal. Recurrence of the cyst with secondary infec-
tion is common unless the entire sac is removed.

Altmann refers to these anomalies as colloaural fistulas.15 
These tracts apparently open into the external auditory meatus 
but usually not into the middle ear. Altmann has reviewed 
some of the unusual colloaural fistulas including one associ-
ated with microtia in which a second tract was attached to the 
original fistula tract, which extended into the middle ear. In 
another frequently mentioned case of Virchow, the tract actu-
ally began at a preauricular appendage and coursed into the 
posterior tonsillar pillar just behind the upper tonsil.

Most duplication anomalies of the first branchial cleft are 
isolated features and are not part of a syndrome. Blevins et al. 
reported a patient with Treacher Collins syndrome in their 
recent series of four patients.16 Most of the case reports of this 
uncommon defect do not document other abnormalities, but 
two of the patients reviewed by Altmann did have microtia.15

The frequency of these duplication defects is unknown. 
Aronsohn et al. were able to collect 11 cases seen over a 40-year 
period at the University of Michigan.14 Most were children 
presenting with a mass in the preauricular region. The patho-
genesis of this unusual defect is unknown. The hypothesis that 
these cystic structures represent a duplication anomaly of the 
first branchial cleft makes sense embryologically, the type II 
defects actually having both ectodermal and mesenchymal 
(cartilaginous) remnants in the structure.

These lesions could be mistaken for branchial clefts related 
to the second branchial groove. However, the latter lesions are 
more commonly found in the carotid triangle, and the exter-
nal opening usually occurs anterior to the sternocleidomas-
toid muscle. Histologically, the lesions in the second branchial 
arch cervical cysts do not keratinize, whereas these duplication 
anomalies of the first branchial cleft do keratinize.

Treatment: Surgery involves removal of the entire sinus tract 
or cyst. Without this, recurrence is common.14 Wittekindt 
et al. detailed their surgical experience and expressed concern 
about the need for adequate incision and drainage procedures 
because of the risk of recurrent infection.17 As is the case in 
other external ear defects, careful determination of the loca-
tion of the facial nerve is crucial.
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13.8 aBnOrmal Ear POsItIOn

(Low-Set Ear, Posteriorly-Rotated Ear, Retroverted Ear, Melotia)

Definition: Low-set ear: low placement of the external ear on the lateral face. Posteriorly rotated ears: posterior rotation of the 
external ear more than 20o from the vertical axis.

ICD9/ICD10: 744.29/Q17.4 Syndrome Associations (Appendix)
Low-Set Ears
Miller-Dieker (LIS1)
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)
Otopalatodigital (FLNA)
Rubinstein-Taybi (CREBBP)
Seckel (ATR, RBBP8)
Smith-Lemli-Opitz (DHCR7)
Treacher Collins (TCOF1, POLR1C, POLR1D)
Trisomy 18
Triploidy
Prenatal aminopterin exposure
Posteriorly-Rotated Ears
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)
Turner (45,X)

Birth prevalence: 1/30 – 1/50

Associated anomalies: craniofacial, skeletal

Laboratory studies: chromosome analysis, gene 
sequencing for specific syndromes

Prenatal diagnosis: unlikely unless extreme

Cause: normal variation, chromosomal, Mendelian

L O W- S E T   E A R S

The term low-set ears refers to the observation that the auricle 
or perhaps the meatus is situated low on the individual’s lateral 
face. This physical finding has received much attention in the 
pediatrics and genetics literature over the last few decades. In 
fact, the observation of low-set ears is one of the more com-
mon observations that the clinician makes when looking at a 
child who may have a multiple anomaly syndrome. However, 
the designation of low-set ears is not as useful clinically as is 
commonly thought. In fact, “low-set” ears are usually due to 
one of the following four reasons: the ears are small, the ears 

are posteriorly rotated along their longitudinal axes, the ears 
are overfolded as in a lop configuration, or the appearance of 
low-set ears is an illusion due to head tilting or the shape of the 
cranium. Rarely an auricle is truly low-set, without posterior 
rotation. It makes more sense clinically to refer to the more 
specific observation, namely small ear, lop ear, or posteriorly 
rotated ears. However, it is prudent at least to review the differ-
ent criteria used to define this anatomical variant.

Farkas has indicated that perhaps the best way to look at 
low-set ears is really to look at the bony meatus and its rela-
tionship to the face.1 He makes a clear and important distinc-
tion between ears that are low-set and ears that are posteriorly 
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inclined or posteriorly rotated. Because the ear and its cartilage 
are a soft-tissue structure with many variables, Farkas prefers 
looking at the relationship of the external meatus to the mid-
face. His criteria for determining low-set ears are the follow-
ing. A special profile line is determined (a line connecting the 
glabella with the most prominent portion of the upper lip), 
and a perpendicular line is then made from the highest point 
of the external meatus to this profile line. If this line falls below 
the upper edge of the alae nasi, the ear canal is low-set.

Two other criteria have been suggested in the pediatrics 
and dysmorphology literature to define low-set ears. The 
most widely mentioned and cited are those of Feingold and 
Bossert.2 The technique involves using a piece of X-ray mate-
rial that is pliable. A series of parallel lines are drawn on the 
paper; a line drawn between the inner canthi is extended back 
to the top of the auricle (Figs. 13.8.1, 13.8.2). The percentage of 
auricle above the line, or millimeters reached above this line, is 
recorded, and percentiles are plotted. This measurement obvi-
ously depends on the posterior rotation of the auricle as well as 
the normality of the superior aspect of the pinna. A lop/cup or 

Fig. 13.8.1 Schematic showing ear placement relative to a horizontal line 
through the outer canthi of the eyes. Ears are considered low set when the 
root of the helix is below this line (see also Fig. 13.8.3). (Courtesy of Dr. Paul 
R. Dyken, University of South Alabama College of Medicine, Mobile.)

Fig. 13.8.2 Low-set ears. Measurement of portion of ear (A) and percentage of ear (B) above the level of the eyes. (From Feingold and Bossert.2)
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type I microtia ear would probably fall in the lower percentiles 
of these curves.

Aase has suggested that a clinically easy way to measure 
low-set ears is to take a line that is perpendicular to the lat-
eral aspect of the orbit.3 This line should cross near the supe-
rior attachment of the ear. If it does not, the ear is considered 
low-set. The syndromes that involve low-set ears obviously 
overlap with syndromes that produce microtic ears, lop/cup 
ear malformation, and posteriorly rotated ears.

There is a purported association mentioned in the pediatric 
and otolaryngology literature between ear defects and kidney 
defects. The implication of this association is that, when the 
clinician sees an ear abnormality one should consider a renal 
malformation. Many of the cases cited suggesting a special 
developmental relationship between the ears and kidneys were 
children who had syndromes, often the oculoauriculovertebral 
spectrum, in which renal malformations sometimes occur.4,5 
These papers also reported individuals who would now be 
considered to have the branchiootorenal syndrome. The range 
of renal defects is usually quite wide, and often they are of 
minimal medical significance, such as a bifid ureter. There is 
no conclusive epidemiological evidence of an increased risk of 
renal malformations associated with ear malformations other 
than the relationship that exists in known, identifiable syn-
dromes. Recently Wang et al. showed that a renal investigation 
is only necessary in the patient who has a syndrome in which 
kidney defects occur.6

Prevalence studies of ear malformations have not recorded 
low-set ears in particular. Since type I  microtia and lop/cup 
ears fall into this category, one could at least estimate their fre-
quency from those birth prevalence figures. However, as was 
mentioned above, the determination of low-set ears is some-
what artificial, so this prevalence figure is not helpful.

P O S T E R I O R LY  R O TAT E D   E A R S

Posteriorly rotated ears are an important cause of the com-
monly cited finding of low-set ears. In fact, the majority of 
infants who are labeled as having low-set ears have posteri-
orly rotated ears. The diagnosis is made on physical exami-
nation. Farkas has developed criteria and normal angles 
for rotation of the external ear.1 Posteriorly rotated ears are 
defined as an increased posterior rotation of the auricle on 
its longitudinal-vertical axis (Fig. 13.8.3). This angulation 
is measured by establishing the Frankfurt horizontal (FH), 
dropping a perpendicular line onto the FH at the ear, and 
measuring the angulation away from the vertical. Range of 
normal in school-aged children is usually between 10° and 
20°. Melotia is a term used in the older literature to refer to 
a strikingly posteriorly rotated ear, where the actual longi-
tudinal axis of the ear is almost parallel to the body of the 
mandible and the ear may be situated close to the angle of 
the mandible on the cheek. Posteriorly rotated ears occur 
as a nonspecific variation in a number of chromosome 

conditions, but in particular they are seen in Turner syn-
drome and Noonan syndrome.

The etiology and pathogenesis of posteriorly rotated ears 
as a variation and malformation are unknown. Certainly the 
disorder could be perceived as a developmental arrest; i.e., the 
external ear, which normally is situated in some degree par-
allel to the developing mandible, does not rotate properly to 
the side of the face. The actual frequency of posteriorly rotated 
ears is unknown, but, certainly if one uses the percentiles in 
Farkas’ curve, 2 percent of people would fall below the curve 
by definition alone.1 Mild degrees of posterior angulation are 
very nonspecific and common and are not particularly useful 
in the recognition of syndromes.

Posteriorly rotated ears are a variation of ear development 
that is perceived as stigmatizing or of visual significance to the 
individual. In the person who has an extreme degree of ear 
retroversion, as in Turner syndrome, reconstructive surgery is 
an option.
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Fig. 13.8.3 Schematic showing posterior rotation of the ear with the 
angle (arrow) between the facial plane (C,D) and the long axis of the ear 
(B) exceeding 20°. The ear shown here is also low set, with the attachment of 
the root of the helix below a horizontal line extending from the outer canthus 
of the eye (A). (Adapted from Aase.3)
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13.9 lOP/CUP Ear anOmalY

(Constricted Ear)

Definition: Underdevelopment or hypoplasia of the superior one-third of the auricle manifested as a downward folding and 
deficiency of the superior aspect of the helix, often associated with an exaggerated development or overdevelopment of the 
concha.

ICD9/ICD10: 744.29, 744.3/Q17.5, Q17.9 Syndrome Associations (Appendix)
Branchiootorenal (EYA1, SIX5)
CHARGE (CHD7)
Fraser (FRAS1, GRIP1, FREM2)
Kabuki (KMT2D, KDM6A)
LADD (FGF10, FGFR2, FGFR3)
Otofaciocervical type 2 (PAX1)
Townes-Brocks (SALL1)
Trichorhinophalangeal (TRPS1)
del 4q

Birth prevalence: 1/1,000 – 1/2,000; much higher in 
Japan

Associated anomalies: other craniofacial anomalies

Laboratory studies: audiology

Prenatal diagnosis: unlikely

Cause: sporadic, chromosomal, Mendelian

The lop/cup ear defect represents one of the common and more 
important alterations of the external ear. The line of separation 
between the lop/cup ear and microtia type I is hard to distin-
guish and some ears described as showing type I microtia fall 
into this group. As pointed out by Rogers, a confusing array of 
terms, some of them pejorative, has been applied to this class 
of external auricular defect.1

This defect probably represents a continuum of alteration 
of plical folding of the auricle and could, on some occasions, 
be the result of deforming forces. At other times it could be a 
true alteration of morphogenesis (malformation) of intrinsic 
muscles and/or cartilage folding. There is no standard defini-
tion in the plastic surgery and otolaryngology literature for 
the lop/cup ear defect, and different authors use the term in 
different ways.

Tanzer has labeled this defect constricted ear and has 
divided it into groups I–III according to the surgical challenges 
(Fig. 13.9.1). Group I defects represent the more traditional lop 
ear and involve an overfolding of the helix along its superior 
rim, producing some decrease in height and a flattening of 
the superior helix/scapha region. Sometimes the folded helix 
is so closely adherent to the scapha tissue that it appears to 
be attached. The group II anomalies are more noticeable and 
involve both the helix and the adjoining scapha. The lack of 
cartilage folding involves the crura of the anthelix, and the ant-
helix itself may be flattened. There is a more striking hood, and 
the length of the ear is reduced (Fig. 13.9.2). A prominence or 
protrusion of the ear is usually found, and there is an exag-
gerated overdevelopment of the cup-shaped, concave concha. 
The defect is usually what Rogers has called the cup ear and 
has components of both lop ear and protruding ear.1 Group 
III of the lop/cup ear defect is a severe version of group II, and 
the auricle is markedly rolled over the inferior portion of the 
ear, so the ear is always low set on the cranium (Fig. 13.9.3). 
The term cockleshell ear has been used to refer to this group 
III defect.

As in microtia, the lop/cup ear raises the question of hear-
ing loss, but the association is not as frequent. The severe end 
of the lop/cup ear spectrum probably represents a true malfor-
mation and thus is more commonly associated with middle ear 
defects, as is microtia, while milder degrees of the defect may 
more often be a deformation and are rarely associated with 
middle ear abnormalities.

Most affected individuals seeking plastic surgery have 
the lop/cup ear as an isolated defect and not as part of a 
well-defined syndrome. No studies actually give a frequency 
figure of associated malformations. Most of the syndromes 
that include microtia/anotia can also involve this milder auric-
ular abnormality. It is important to underscore that the line 
between milder degrees of microtia and the lop/cup ear defect 
is not easily drawn.

Matsuo and colleagues indicated that the frequency of the 
lop ear in Japan was 38.1 percent at birth and 6.1 percent at 

Fig. 13.9.1 Type 1 lop/cup ear. Right figure shows result of molding therapy. 
(From Byrd et al. Plast Reconstr Surg 126:1191, 2010. Used with permission.)
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age one year, figures much higher than in other populations.3 
The fact that the frequency of lop ear actually decreased from 
the newborn period to the age one year suggests that often the 
mildest form of this defect is in fact due more to intrauterine 
constraint that resolves during the first year of life. The dis-
crepancy in these figures may also result from the recording 
of very mild degrees of overfolding of the helix in the Japanese 
series or from true ethnic differences. These points, however, 
indicate the difficulties in definition of phenotypic variations 
of the body, especially of the ear.

A precise etiology or pathogenesis of the lop/cup ear defect 
is not determined in most individuals who have the defect. 
As was mentioned above, the milder degrees of the lop/cup 
ear defect may truly be a deformation related to intrauterine 
compression. The fact that many of the cases in Japan of the 
so-called lop/cup ear defect resolved supports this notion, as 
does the recent success in tape attachment and other nonsur-
gical approaches to these defects.3,4 Nonsyndromal lop/cup ear 
defects have been seen as an autosomal dominant trait in a 
number of families; however, the proportion of cases due to an 
autosomal dominant gene is unknown.

Smith and associates have suggested that the lop/cup ear 
defects as well as the protruding ear may be due to alterations of 
plical folding of the cartilaginous ear plate that are, in fact, sec-
ondary to changes in the extrinsic and intrinsic ear muscles.5,6 
These investigators suggest that the ear muscles and perhaps 
the nerve that innervates the muscles are crucial in determin-
ing the form and position of the cartilage of the ear. Their dis-
sections of fetuses with anencephaly (who often have the lop/
cup defects) along with experimental evidence in rodents and 
rabbits suggest that the intrinsic auricular muscles are impor-
tant for the complicated relief of the external ear. Experimental 
evidence also shows the importance of neuromuscular factors 
in external ear development. Chiu et  al., working with the 
auricle of the rat, produced changes in auricular form follow-
ing neurectomy of the auricular nerve.7 Based on this work, 
Smith and colleagues suggested that the protruding ear results 
from an alteration of the posterior auricular muscle, while 
the lop ear results from an alteration of the superior auricular 
muscle.5,6

Treatment: The major impact of the lop/cup ear defect is 
visual, a potential stigma for the individual who exhibits the 
defect. The natural history of the deformations producing a 
lop/cup ear appearance is for spontaneous resolution, as was 
emphasized by Graham and in the Japanese series.3,8 The chal-
lenge is that it is not always easy to determine which of the 
defects will resolve and which will persist. Tanzer and Bardach 
have summarized the surgical approach to the lop/cup ear 
defect.2 In this abnormality, not only does the protruding 
ear need repair, but also restoration of the normally shaped 
helix scapha and anthelix is necessary. More severe cases may 
require multistage surgical reconstruction.2,9,10

In the 1980s the Japanese introduced the concept of non-
surgical correction of congenital ear defects, including the lop/
cup ear defect.3 The abnormal folding is corrected by splinting 
with dental compound using Aluwax. Surgical tapes are also 
used when appropriate. Utilizing this approach, investigators 
have emphasized that early correction is critical for outcome. 
Results are less successful after age six weeks, when ear elastic-
ity and form have become better established. In the Japanese 
experience, with the high frequency of the lop ear defect, many 
babies whose ears are splinted undergo this therapy unnec-
essarily, since over 80 percent of cases resolve on their own. 
More recently, Ullman et al. reported their results using early 
splinting with PuttySoft; 87  percent were graded as “excel-
lent.”11 It may be that these milder degrees of lop ear defor-
mity are third-trimester deformational events related to high 

Fig. 13.9.2 Lop/cup ear, type II.

Fig. 13.9.3 Lop/cup ear, type III.
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levels of circulating estrogen. Since no controlled studies are 
available, and since there are numerous definitional problems 
regarding the spectrum of the lop/cup ear defect, it is diffi-
cult to conclude at this point that nonsurgical correction is the 
best approach for the more moderate or the severe end of the 
continuum.
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13.10 PrOtrUDInG Ear

Definition: A laterally prominent auricle with the usually normally sized ear standing out from the head at an angle of greater 
than 40°.

ICD9/ICD10: 744.29/Q17.5 Syndrome Associations (Appendix)
Aarskog (FGD1)
Coffin-Lowry (RPS6KA3)
Cohen (COH)
Kabuki (KMT2D, KDM6A)
Myotonic dystrophy (DMPK, ZNF9)
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)
Trichorhinophalangeal (TRPS1)
Trisomy 18
del 4p
Prenatal alcohol exposure

Birth prevalence: unknown

Associated anomalies: craniofacial, skeletal

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: sporadic, less frequently chromosomal, Mendelian, 
environmental

Protruding ear is often considered a variation of the lop/cup 
ear defect (Entry 13.9). This defect is easily recognized by 
measuring the angle of the posterior aspect of the pinna and 
the mastoid occipital plane. Farkas has developed standards 
for this angle of protrusion, and in school-aged children, both 
male and female, the angle is less than 40°.1 In the protruding 
ear, the distance from the outer rim of the helix to the mastoid 
is greater than 2 cm (Fig. 13.10.1).

The prominent ear involves some alteration of plica 
whereby the angle between the scapha cartilage and the con-
cha cartilage is changed. Usually this relationship is about 
90°, but in the prominent ear the angle between these carti-
lages increases to 130°. The anthelix is often flattened, and the 
protruding ear is usually normal in size but occasionally is 
larger. It usually appears larger than it is because of its lateral 
prominence. As was mentioned in Entry 13.9, the lop/cup ear 
defect often involves a lateral prominence, and Rogers has sug-
gested that the protruding ear is simply the severe end of this 
continuum.2 Occasionally the helical fold is unraveled in the 
so-called shell or unraveled ear. As has always been the case in 
the literature, the definitions of the variations of the external 

ear are not established, and terminology is often misleading, 
confusing, and pejorative.

Most individuals with a protruding ear have it as an isolated 
anomaly and not as part of a syndrome. Smith and Takashima 
have suggested the laterally prominent ear, like the lop/cup ear, 
is a sign of alteration of neuromuscular function.3

The birth prevalence of the protruding ear is not available. 
Most epidemiologic studies examining the frequency of exter-
nal ear defects have not included this finding, due to the fact 
that the laterally prominent ear usually becomes more obvious 
with age. In a Japanese study, protruding ear was recognized to 
be an acquired defect, and the frequency in the newborn period 
was less than 1 percent while it was 5.5 percent by age one year.4 
Farkas has also documented the age effect of this ear variation.1

Treatment: As in the lop/cup ear defect, the social stigma of 
the protruding ear is its major impact. Otoplasty is the standard 
surgical technique, and a number of strategies to approach the 
problem have been developed during this century. The basic 
approach in surgery for protruding ears is to create a promi-
nent anthelix. Various techniques involve the creation of the 
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desired anthelical fold.5,6 As in the lop/cup defect, a nonsurgi-
cal approach to the correction of this anomaly has also emerged. 
The basic principle involves the application of surgical tape to 
the posterior helical rim, affixing it to the temporal region; a 
headband is often used for reinforcement. A  headband alone 
has also been utilized to correct the prominent ear. Brown et al. 
have placed dental compound in the sulcus between the ear and 
the scalp to bring about normal anthelical folding.7 As with the 
standard technique, the ear is held in position with surgical tape. 
These nonsurgical approaches are used primarily in the newborn 
period, although this approach has also been effective when uti-
lized as late as age six months. However, the later the strategy is 
initiated the longer the period of taping that will be necessary.
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13.11 VarIants Of HElIx anD antHElIx COnfIGUratIOn

staHl Ear

Definition: An abnormal and distinctive extra fold or crus of the anthelix that extends from the superior portion of the 
anthelix to the upper posterior aspect of the corner of the helix produces a “crumpled” ear appearance.

ICD9/ICD10: 744.3/Q17.9 Syndrome Associations (Appendix)
Stahl Ear
Beals congenital contractural arachnodactyly (FBN2)
Mozart Ear
CHARGE (CHD7)
Del 18q
Trisomy 18
Prominent Crus
Saethre-Chotzen (TWIST)
Baller-Gerold (RECQL4)
Orofaciodigital I (OFD1)
Trisomies 13, 18, 21

Birth prevalence: 
Stahl ear – 8% of Japanese neonates, unknown in other 
populations 
Mozart ear – unknown 
Prominent crus – unknown 
Darwinian tubercle – 10-40%

Associated anomalies: none consistent

Laboratory studies: chromosome analysis, gene 
sequencing for specific syndromes

Prenatal diagnosis: unlikely

Cause: normal variant, chromosomal, Mendelian

Fig. 13.10.1 Protruding ear. Normal-sized ear, which stands out from the head at an angle of 40° or more. (Courtesy of Dr. Charles I. Scott, Jr., A.I. duPont Institute, 
Wilmington, DE.)
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The diagnosis of the Stahl ear is made simply through an 
inspection on physical examination (Fig.  13.11.1A). In the 
literature on the congenital contractural arachnodactyly syn-
drome, the disorder is referred to as a “crumpled ear.”1 It has 
also been labeled as the crus antihelicis tertium.2 Apart from 
its presence in the congenital contractural arachnodactyly 
syndrome, it is usually an isolated finding and not part of a 
syndrome.

The Stahl ear was the second most common auricular 
defect in the Japanese series,3 occurring in 8  percent of all 
Japanese newborns, but the finding decreases over time with 
a frequency by age 12 months of only 1.3 percent. It probably 
represents abnormal plica folding and is another example, like 
the lop/cup ear defect, of an alteration in intrinsic auricular 
muscles with secondary effects on ear form. The frequency of 
Stahl ear is unknown except in the Japanese series.

The Stahl ear, as with the lop/cup ear, has been of interest 
to the Japanese investigating the nonsurgical correction of con-
genital auricular defects. Matsuo et al. claim success in most 
individuals with the Stahl ear when Aluwax and surgical tape 

are applied in the first few days of life.3 The abnormal fold is 
pressed out, and the normal concave scapha helix is molded. If 
nonsurgical correction is initiated in the early neonatal period, 
only one week is necessary to change the auricle to its normal 
shape; the wax is retained for a few weeks to guarantee that 
the corrected shape remains permanently. Brown and his col-
leagues also claim success in the treatment of a Stahl ear using 
this dental compound and tape.4 More recently, Byrd et  al. 
reported the results using their “EarWell Infant Ear Correction 
System” for treatment of Stahl ear and other ear malforma-
tions.5 Since in many of the Japanese infants with Stahl ear the 
defect resolved by itself in the first year of life, the exact efficacy 
of this therapy is unclear. Certainly the experience of Matsuo 
et al., Brown et al., and Byrd et al. suggests success, but it is pos-
sible that many of these defects would have resolved without 
treatment.3-5 As in the lop/cup ear defect, early intervention is 
suggested by the authors who use this nonsurgical approach. 
For individuals who are recognized in later life to have Stahl 
ears, reconstructive surgery is available. The impact of this 
variation, however, is minimal.

A B

C

Fig. 13.11.1 A: Stahl ear or crumpled ear with railroad tract horizontal folding of the anthelix in a child with contractural arachnodactyly. B: Mozart ear. C: Darwinian 
tubercle (arrow).
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mOZart Ear

Definition: A defect of the external auricle consisting of a 
prominent superior anthelix caused by a fusion of the crura of 
the anthelix and the crura of the helix is said to have affected 
Wolfgang Amadeus Mozart and his son. It has also been 
called the Wildermuth ear.

This variation of the external auricle probably has no medical 
significance unless it occurs as part of a syndrome. Davies and 
Paton et al. have discussed the description and history of this ear 
defect (Fig. 13.11.1B).6,7 The salient features of the defect include 
a broad-appearing auricle with a prominent anthelix, such that 
the two crura of the anthelix are fused and are united with the 
crus of the helix. The concha is enlarged, and the antitragus is 
missing or underdeveloped. The ear lobe is underdeveloped or 
very small. Sometimes the helixal fold appears unraveled, alter-
ing the relief of the external auricle. Although there is no direct 
evidence that Mozart himself had the anomaly, the term has 
taken on such a meaning in the medical literature that it is prob-
ably appropriate to retain the eponym, especially since Mozart’s 
son, Franz, probably did have the defect. These observations 
suggest that this ear abnormality is an autosomal dominant trait.

Paton and his colleagues found 13 examples of the Mozart 
ear in patients about to have reconstructive plastic surgery of the 
ear.7 Their work and the work of Davies do not cite the occur-
rence of this finding as part of a generalized syndrome. However, 
prominence of the anthelix is a consistent finding in the deletion 
18q syndrome.7,8 A review of some photographs of children with 
deletion 18q suggests that their finding is also part of the con-
tinuum of the Mozart ear. The so-called faun ear described in the 
Trisomy 18 syndrome also has components of the Mozart ear. 
This finding has been noted in the CHARGE syndrome, as well.

Paton and his colleagues carried out two surveys, one 
involving 1,185 consecutive individuals and the other 1,092 
patients in a medical clinic.7 They found one case in each 
group, or about 1 in 1,100 adults with this defect. Although 
there is no evidence regarding the pathogenesis in this finding, 
it may be one of the abnormalities of intrinsic auricular muscle 
development, as in the lop/cup ear defect. It is of note that the 
three specific syndromes in which the Mozart ear has been 
noted, Trisomy 18, deletion 18q, and CHARGE syndrome, all 
have narrowed ear canals. There may be some developmental 
relationship between the Mozart ear and the development of 
the external ear auditory meatus. Garcia-Cruz et al. described 
a boy with multiple anomalies and the “Mozart” ear.8

Reconstructive plastic surgery is available for individu-
als with the Mozart ear. Correction of this defect through a 
nonsurgical approach, namely splinting or molding, may be an 
option in the future, although there has been no documented 
application as yet.

DarWInIan tUBErClE

Definition: A small protrusion on the helix of the auricle 
just below the margin where the superior helix curves down 
to the inferior helix, usually at the level of the superior crus of 
the anthelix.

This medically insignificant phenotypic variation is easily 
recognized by the examiner who searches for it (Fig. 13.11.1C). 
It is documented simply for historic reasons; it is not a marker 
for any particular syndrome, and it is not known to be associ-
ated with middle or internal ear defects. It appears to be an 
autosomal dominant trait with incomplete penetrance.

The frequency of the Darwinian tubercle is approximately 
10 percent of adults in a Spanish study and 40 percent of adults 
in an Indian study.9,10 Females are said to show this variant of 
the helix more often than males. The tubercle is usually pres-
ent in fetal life up to about seven weeks and then disappears. 
Thus in infancy and childhood it is a persistence of a point-like 
structure that usually resolves.11 Some evolutionary biologists 
have suggested that the tubercle of Darwin is located at the 
place where other mammalian ears are pointed.12 Darwinian 
tubercle has no medical or cosmetic impact and is not a marker 
for other malformations.

PrOmInEnt CrUs Of tHE HElIx

Definition: Prominence or posterior flaring of the crus of 
the helix.

This variation of the crus of the helix is easily diagnosed by 
noting this auricular fold. The crus of the helix usually extends 
around inferiorly and posteriorly just into the concha and 
above the auditory meatus. Usually, this fold ends gradually 
as it moves above the auditory meatus. Occasionally, there is 
a striking prominence of this fold, so that it extends back to 
the anthelix. This disorder produces an unusual-appearing ear 
configuration; it was described by Aase as a “railroad track ear” 
(Fig. 13.11.1A).13 The superior aspect of the anthelix and this 
unusually prominent crus of the helix parallel each other, pro-
ducing a more prominent concha.

Unusual prominence of the crus has been described fre-
quently in Saethre-Chotzen syndrome, and may be associ-
ated with small or low-set ears.1 Other conditions in which 
a prominent crus has been reported include Baller-Gerold 
syndrome and Orofaciodigital syndrome. A prominent crus 
may be seen in association with additional ear anomalies in 
trisomy 13, 18, or 21, as well as in less common cytogenetic 
abnormalities.

The frequency of variations of the crus of the helix is 
unknown. This finding is probably a variation of plica folding 
and perhaps alteration of intrinsic auricular muscles, produc-
ing this secondary change in form. This particular ear varia-
tion has no stigmatizing or clinically significant impact, but it 
may be a clue to the above-mentioned syndromes.
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13.12 VarIants Of tHE Ear lOBE

Definition: Alterations of the form or contour of the ear lobe, including bifid and notched ear lobe, uplifted lobules, antitragus 
base tag, and thickened ear lobes.

ICD9/ICD10: 744.3/Q17.9 Syndrome Associations (Appendix)
Auriculocondylar (EDN1)
Goldberg-Pashayan
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)
Turner (45,X)

Birth prevalence:
Notched ear lobe – 1/300
Bifid ear lobe – 1/3,000 – 1/4,000
Thick ear lobe – unknown
Ear lobe tag – unknown

Associated anomalies: none consistent

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: unknown

The diagnosis of ear lobe variations is made with visual exami-
nation. A  true bifid ear lobe, with two separate lobes, is less 
common than notched ear lobe (Fig. 13.12.1). These ear lobe 
findings are usually unilateral and rarely syndromal. The defects 

usually occur by themselves and are not clues to a malforma-
tion syndrome. A tag at the base of the antitragus was described 
as a dominant trait by Ramirez and Cantu.1 This has also been 
described in the Goldberg-Pashayan syndrome of abnormal 
ear lobes and ulnar polydactyly.2 Thickened ear lobes are of 
note in that they were described as an external marker associ-
ated with conductive hearing loss and discontinuity between 
the incus and the stapes.3 This latter finding has been described 
in two families and has been referred to as the Escher-Hirt syn-
drome.3 Auriculocondylar syndrome is associated with man-
dibular hypoplasia in association with question-mark ears in 
which there can be complete separation of the ear lobe from the 
helix in the most severe form (Fig. 13.12.2). Auriculocondylar 
syndrome is an autosomal recessive condition caused by muta-
tions in EDN1 which encodes endothelin 1; recently it has been 
shown that dominant question-mark ears can be associated 
with heterozygous EDN1 mutations.4

The frequencies of thickened ear lobes or tags of the ear 
lobes are unknown. The etiology and pathogenesis of these 
variations of ear lobe development are also unknown. An 
uplifted ear lobule could be secondary to intrauterine con-
straint with the shoulder pushing up on the ear lobe. Uplifted 
ear lobules are also seen as part of Noonan and Turner syn-
dromes and perhaps are related to the intrauterine cystic 
hygroma in those syndromes.

The significance of these findings is primarily as a clue 
to syndromes, and rarely are they associated with a need for Fig. 13.12.1 Cleft ear lobe.
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reconstruction, the exception being extreme alteration of the 
ear lobes such as a true bifid lobe or absence of the ear lobe.5,6
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13.13 aUrICUlar taGs

(Auricular Appendages)

Definition: A skin-colored, fleshy appendage represented as a nodule or skin protrusion located usually just in front of the 
tragus of the ear.

ICD9/ICD10: 744.1/Q17.0 Syndrome Associations (Appendix)
Microtia-meatal atresia
Michel dysplasia (FGF3)
Oculoauriculovertebral
Townes-Brocks (SALL1)
Wildervanck
Cat eye (dup 22q)
del 4p, 5p
dup 11q

Birth prevalence: 1/60 – 1/300

Associated anomalies: other craniofacial anomalies, 
hearing loss

Laboratory studies: audiology

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian

Auricular appendages or tags are rather common, mild mal-
formations located usually just in front of the auricle near the 
tragus (Fig. 13.13.1). These defects vary in size from 1 or 2 mm 
to several centimeters; they can be pedunculated on a short 
stalk or sessile. Diagnosis is straightforward, and the disorder 
is usually not mistaken for any other congenital anomaly.

Auricular tags follow an arc-shaped line of predilection 
from the temple just above the ear to the crus of the helix, and 
then into the concha of the external auditory meatus and out 
again just anterior and below the tragus. This line, according to 
some authors, is a line of junction between the first and second 
branchial arches.l Occasionally, preauricular tags will extend 
down from just anterior to the tragus to the angle of the mouth, 
i.e., in the oral-tragal line. This second zone corresponds to the 
line between the maxillary and mandibular portions of the first 
branchial arch. Tags or appendages in this latter location are 
more frequently combined with other malformations such as 
microtia, and are commonly seen in the oculoauriculoverte-
bral spectrum. Also, auricular tags located on the cheek are 
often associated with a pit or scar-like lesion.

Over 90 percent of auricular tags are unilateral.2,3 Although 
most individuals have this mild malformation as an isolated 
problem, it may occur as part of a generalized syndrome. In 
the Perinatal Collaborative Study (USA), 89 of the 91 children 
(98 percent) had it as an isolated defect.2

Kankkunen and Thiringer found a prevalence of 5/1,000 
live births, and among their 188 cases with auricular tags, 
5 percent had other malformations of the face and ear.4 Among 

the neonates in whom the tag was the only defect, 13 percent 
were found to have some degree of sensorineural hearing 
impairment, usually mild to moderate. The authors suggest an 
association between isolated ear tags and sensorineural hear-
ing loss and recommend routine hearing assessment in all chil-
dren with preauricular tags. Kugelman et al. performed renal 
ultrasound on 108 infants with tags (or pits) and found no 
increase in renal defects compared to controls.5 More recently, 
Firat et al. performed renal ultrasounds and hearing screening 
on 91 children with preauricular tags or pits and more than 
13,000 control children, and showed that there was no signifi-
cant difference in the incidence of renal anomalies and hearing 
loss between the two groups.6

Early anatomists suggested that the auricular appendages 
resulted from excessive growth of the auricular hillock in the 
developing ear, perhaps representing a form of duplication of 
the original six hillocks.

Occasionally there is enlargement of the appendages, 
and they may group together to form a structure that almost 
resembles an extra auricle. However, as was mentioned in 
Entry 13.6, a true accessory auricle is extremely uncommon, 
although the term accessory is sometimes used with regard to 
these mild malformations.

Auricular tags can be the mildest form of familial micro-
tia. They are one of the more common findings in the family 
studies of microtia and hemifacial microsomia. In a num-
ber of the kindreds with autosomal dominant–appearing 
microtia with meatal atresia, a preauricular tag is present 
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in a person presumed to have the autosomal dominant gene 
for microtia. Thus it is thought to represent the mildest form 
of variable expression in the dominant trait in those fami-
lies. In the majority of infants who have no other obvious 
defect, preauricular tags are isolated, without a positive fam-
ily history. Kankkunen and Thiringer also documented auto-
somal dominant kindreds showing isolated nonsyndromal 
ear tags.4

Treatment: The auricular tag can be removed through an 
incision around the base. The tag often contains a delicate rod 
of elastic cartilage, which can extend deeply. Care must be 
taken not to damage any fibers of the facial nerve that may be 
running beneath the tag. Removal should be made by a recon-
structive surgeon or otolaryngologist who has experience with 
this malformation.

Prognosis: In isolated cases, the prognosis is good. Testing 
for hearing loss should be conducted.

REFERENCES

 1. Altmann F:  Malformations of the auricle and the external auditory 
meatus. AMA Arch Otolaryngol 54:115, 1951.

 2. Melnick M, Myrianthopoulos NC, Paul NW:  External ear malforma-
tions: epidemiology, genetics, and natural history. Birth Defects Orig Artic 
Ser XV(9):1, 1979.

 3. Beder LB, Kemaloglu YK, Maral I, et  al.:  A study on the prevalence of 
accessory auricle anomaly in Turkey. Int J Pediatr Otohinolaryngol 
63:25, 2002.

 4. Kankkunen A, Thiringer K: Hearing impairment in connection with pre-
auricular tags. Acta Paediatr Scand 76:143, 1987.

 5. Kugelman A, Tubi A, Bader D, et  al.: Pre-auricular tags and pits in the 
newborn: the role of renal ultrasonography. J Pediatr 141:388, 2002.

 6. Firat Y, Sireci S, Yakinci C, et al.: Isolated preauricular pits and tags: is it 
necessary to investigate renal abnormalities and hearing impairment? Eur 
Arch Otorhinolaryngol 265:1057, 2008.

A B

C D

Fig. 13.13.1 Preauricular tags in otherwise normal infant (A) and in infant with hemifacial microsomia (B). Postauricular tag in 32-week fetus with tracheoesophageal 
and genitourinary anomalies (C, D). Skin tag is covered with hair (ST) and is distinctly separate from microtic ear (RE). (Courtesy of Dr. Will Blackburn and N. Reede 
Cooley, Jr.)
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13.14 aUrICUlar PIts

(Auricular Fistulas)

Definition: Depression, dimple, or fossa usually located at the anterior margin of the ascending limb of the helix.

ICD9/ICD10: 744.46, 744.89/Q18.1, Q18.8 Syndrome Associations (Appendix)
Autosomal dominant microtia-meatal atresia
Branchiootorenal (EYA1)
Michel dysplasia (FGF3)
Oculoauriculovertebral
Oto-facio-cervical
Townes-Brock (SALL1)
Wildervank
Cat eye (dup 22q)
del 4p, 5p
dup 11q

Birth prevalence: approximately 1% of individuals

Associated anomalies: ear malformations, possibly 
hearing loss or renal malformations

Laboratory studies: none except as indicated if there are 
associated anomalies

Prenatal diagnosis: not possible

Cause: chromosomal, Mendelian

Sinuses, fossae, or pits of the external ear are usually depres-
sions not more than 1–3 mm in greatest diameter.1 Although 
there are a number of uncommon locations, over 90 percent of 
pits are situated at the anterior margin of the ascending limb 
of the helix (Fig. 13.14.1). The term preauricular is often used 
to describe this location, but the pit is usually on the ear so it 
should more correctly be called an auricular pit. While most 
pits are rather shallow, some can be as deep as 15 mm. A small 
pigmented mole can be seen near the opening of the dimple in 
some cases.

The second most common location is the true preauricular 
region, in front of the ear. A preauricular pit is sometimes asso-
ciated with auricular appendages or even with what appears to 
be a congenital scar. Preauricular pits are located in the area 

from the tragus to the corner of the mouth, which is the area 
between the maxillary and mandibular portions of the first 
branchial arch. Other locations of pits include the posterior 
helical region (along the rim of the outer helix), the helicolobu-
lar region, and within the central aspect of the lobule. An even 
rarer type is the postauricular pit, which occurs just behind 
the attachment of the auricle to the temporal region.2 Altmann 
reviewed the concept of a “line of predilection” and suggested 
that pits may be remnants of the closure of the mandibular and 
hyoid arch or the mandibular and maxillary portions of the 
first branchial arch.3 Congdon et al. have also emphasized that 
the location of these pits seems to be near where the hillocks of 
His formed.4 The idea is that the sinuses may be derived from 
grooves that are remnants of the closure of these auricular 

A B C

Fig. 13.14.1 Preauricular pit (top arrow) associated with retroverted pinna and branchial fistula (bottom arrow) in adult with branchio-oto syndrome (A). Preauricular 
pits and tag in a 7-month-old infant (B). Preauricular pit and microtia in a 13-month-old infant with Treacher Collins syndrome (C). (Courtesy of Dr. Charles I. Scott, 
Jr., A.I. duPont Institute, Wilmington, DE.)
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tubercles. They may be elements of a defective closure of the 
helix or of the branchial clefts.

The majority of auricular pits are unilateral, with only 
approximately 20 percent being bilateral. Most pits are iso-
lated defects and are not part of a broader pattern of anoma-
lies. In the Perinatal Collaborative Study (USA), fewer than 
10 percent of individuals had the pit associated with other 
malformations.5 Numerous syndromes have been described 
along with which auricular pits are described. The most 
important and common of these is the Branchiootorenal 
syndrome. Pits located on the posterior rim of the helix 
are characteristic of the Beckwith-Wiedemann syn-
drome (Fig. 13.14.2). The preauricular pits seen in the 
Oculoauriculovertebral spectrum are part of what appear to 
be congenital scars and also may be related to the develop-
ment of accessory appendages.

The frequency of auricular pits in the Perinatal 
Collaborative Study was just under 1  percent, with the fre-
quency among blacks being higher than that among whites.5 
Auricular pits of the ascending limb of the helix have been 
described as an autosomal dominant trait, although they may 
be sporadic as well. When familial, there is reduced penetrance 
and variable expression. Familial pits are more often bilateral. 
Zou et al. reported linkage to 8q11.1-q13.3 for ear pits as a trait 
in a three-generation Chinese family, and mutations in EYA1 
were excluded.6

Because of the line of predilection of the preauricular 
depressions, it has been postulated that they represent rem-
nants of closure of the auricular hillocks or the closure of the 
first and second branchial arches. Preauricular pits on the 
oral-tragal line probably represent a different alteration of 
morphogenesis and are most likely part of the continuum of 
accessory appendages.

Treatment: Reconstructive surgery is an option for auricu-
lar pits, although this is usually not necessary unless recur-
rent infection occurs. Mandell summarized the surgical 
issues.7

Prognosis: Except for the relatively rare occurrence of infec-
tion, medical complications with these pits are uncommon.

REFERENCES

 1. Scheinfeld NS, Silverberg NB, Weinberg JM, et  al.:  The preauricular 
sinus:  a review of its clinical presentation, treatment, and associations. 
Pediatr Dermatol 21:191, 2004.

 2. Choi SJ, Choung YH, Park K, et  al.:  The variant type of preauricular 
sinus: postauricular sinus. Laryngoscope 117:1798, 2007.

 3. Altmann F:  Malformations of the auricle and the external auditory 
meatus. AMA Arch Otolaryngol 54:115, 1951.

 4. Congdon ED, Rowhanavongse S, Varamisara P: Human congenital auric-
ular and juxtaauricular fossae, sinuses and scars (including the so-called 
aural and auricular fistulae) and the bearing of their anatomy upon the 
theories of their genesis. Am J Anat 51:439, 1932.

 5. Melnick M, Myrianthopoulos NC, Paul NW:  External ear malforma-
tions: epidemiology, genetics, and natural history. Birth Defects Orig Artic 
Ser XV(9):1, 1979.

 6. Zou F, Peng Y, Wang X, et al.: A locus for congenital preauricular fistula 
maps to chromosome 8q11.1-q13.3. J Hum Genet 48:155, 2003.

 7. Mandell DL: Head and neck anomalies related to the branchial apparatus. 
Otolaryngol Clin N Am 33:1309, 2000.

13.15 Ear lOBE CrEasEs anD PIts

Definition: A transverse linear fissure (crease) or pit in the lobule of the ear.

ICD9/ICD10: 744.3/Q17.9 Syndrome Associations (Appendix)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)

Birth prevalence: unilateral – 1/100, bilateral – 1/300

Associated anomalies: overgrowth

Laboratory studies: molecular studies for 
Beckwith-Wiedemann

Prenatal diagnosis: none

Cause: sporadic, Mendelian, uniparental disomy

Fig. 13.14.2 Pits on posterior ear lobe in Beckwith-Wiedemann syndrome. 
(Courtesy of Dr. H. Eugene Hoyme, Sanford Health, Sioux Falls, SD.)
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This alteration of the lobule involves a distinctive linear fis-
sure or crease easily recognized on physical examination 
(Fig. 13.15.1). The prenatal onset of congenital ear fissures 
is most important because of their usefulness in the diag-
nosis of the Beckwith-Wiedemann syndrome. These ear 
lobe creases are sometimes called Kerbenohr fissures. They 
are to be distinguished from the diagonal ear lobe crease 
that occurs in middle-aged and older adults and was once 
thought to be a marker or sign of coronary artery disease. 
This latter marker will not be reviewed here because it is not 
a congenital defect.

Well-defined depressions in the earlobe that resemble pits 
have been described as an autosomal dominant trait.1 These 
depressions usually are 3–5  cm in diameter and approxi-
mately 1 mm in depth. They are sometimes referred to “natu-
ral earring holes.” This condition is inherited as an autosomal 
dominant trait, with variable expressivity and incomplete 
penetrance. The trait can be both bilateral and unilateral 
within families.

The frequencies of ear lobe fissures/creases and ear lobe 
holes/pits are unknown. Ear lobe pits, an autosomal domi-
nant trait, are certainly distinct from autosomal dominant 
auricular pits, and the two findings are probably mutu-
ally exclusive even though they are sometimes discussed 
together in the otology literature. The deep transverse 
creases usually seen in Beckwith-Wiedemann syndrome are 
uncommon as a congenital finding except in that disorder. 
The frequency of ear lobe pits or so-called natural earring 
holes is unknown. The major significance of these findings 
is as a clue to the Beckwith-Wiedemann syndrome. There is 
no intrinsic medical significance other than as a diagnostic 
marker.
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13.16 DEfOrmatIOn Of tHE aUrIClE

Definition: An alteration of the form of the external auricle due to unusual mechanical forces on the ear.

ICD9/ICD10: 744.3/Q17.9 Syndrome Associations (Appendix)
Oligohydramnios

Birth prevalence: 1/50

Associated anomalies: renal

Laboratory studies: abdominal ultrasonography, MRI

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

The diagnosis of a deformation of the external ear is made by 
noting an alteration of form of the auricle in the context of 
a bona fide history of constraint or intrauterine mechanical 

forces. The external auricle that is deformed by constraint phe-
nomena in utero can resemble the lop/cup ear defect or can be 
large and posteriorly rotated (Fig. 13.16.1).

Fig. 13.15.1 Crease on ear lobe associated with macrosomia and macroglossia 
(Beckwith-Wiedemann syndrome).
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Ear variations such as flattening of the ear against the head, 
overfolding of the helix, and asymmetric growth of the ear 
should all be considered potential clues to suggest a deforma-
tional process.1 Prolonged oligohydramnios, breech presenta-
tion, and uterine malformations are examples of intrauterine 
phenomena associated with ear deformations. The ear altera-
tions in the Potter syndrome, now recognized as the oligohy-
dramnios sequence, are in fact deformations of the external ear 
due to the constraint from the longstanding lack of amniotic 
fluid. It is of note that this particular finding is the primary 
basis for the so-called ear-kidney association. This alleged asso-
ciation was in fact based on a deformation of the external ear 
secondary to oligohydramnios, which was secondary to the 

intrauterine renal failure, as opposed to an alteration in mes-
enchymal or cell differentiation.

These ear abnormalities can mimic the alterations of intrin-
sic plical folding such as lop/cup ear defect and Stahl ear, but 
in ear deformations the variation should improve postnatally. 
Aase proposed that prolonged constraint of the external ear 
actually results in overgrowth, which may be the pathogenetic 
basis of the large ear in the oligohydramnios sequence.2

The natural history of many external ear deformations is 
postnatal improvement. This applies especially to external ear 
changes occurring very late in gestation. Perhaps many of the 
variations of the external ear prevalent among the Japanese 
(38  percent for the lop ear and 8  percent for the Stahl ear) 
are in fact deformations that mimic alterations of morpho-
genesis. This may be the reason why many of the external ear 
defects in the Japanese series improve with time.3 For example, 
while 38 percent of infants had a lop ear at birth, only 6 per-
cent showed this disorder at age one year. Ear deformations 
that involve overfolding lend themselves to the nonsurgical 
approaches using Aluwax and tape. However, many infants 
who have reversible ear deformations may be exposed to this 
taping unnecessarily, in that the deformation would have 
improved on its own. Matsuo et al. elect to treat all children, 
since it is not possible to separate those deformations that will 
resolve from those that will not resolve.3 Even in the individual 
who has a well-documented reason for intrauterine constraint 
such as late oligohydramnios due to leakage or bicornuate 
uterus, the outcome is not predictable.
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Fig. 13.16.1 Deformation of the ear. Flattening and crumpling of the ear 
secondary to intrauterine pressure associated with oligohydramnios. Note the 
relatively large size of the ear and the interrupted helical fold. (Courtesy of 
Dr. Will Blackburn and N. Reede Cooley, Jr.)
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14 | MIDDLE EAR

JOHN C. CAREY AND ALBERT H. PARK

iNTrOdUCTiON

Malformations of the middle ear ossicular chain comprise a 
wide array of structural defects of the malleus, incus, stapes, 
and oval window (Fig. 14.I.1). Interest in and investigation 
of these malformations have paralleled developments in the 
reconstructive surgery of acquired lesions of the middle ear 
and in the advances in high-resolution computed tomography. 
Most of the detailed descriptions of these defects have been 
published in the last four decades. Because of the variety of 
structural anomalies involving the three middle ear bones, one 
has the initial impression that there is no pattern to the malfor-
mations and that any defect can occur nonspecifically in a dis-
order that involves the middle ear. This notion is not correct, 
and various classifications have emerged that are helpful to the 
clinician and investigator in trying to make sense of the diver-
sity of malformations. Additionally, there is some specificity of 
patterns of middle ear defects within reports of familial cases 
and within syndromes (Table 14.I.1). In individuals who have 
external ear defects, especially microtia, the potential for an 
accompanying middle ear malformation is always considered 
in approaches to management. However, cases involving iso-
lated middle ear defects without an external ear defect and 
with a normal eardrum are often not diagnosed or are misdi-
agnosed as acquired conditions, especially when the defect is 
unilateral.

The person with a nonsyndromal ossicular malformation 
presents with a nonprogressive conductive hearing loss that is 
present at birth but usually not recognized until later in child-
hood. The decibel loss is usually in the 40–60 range, and the 
differential diagnosis includes acquired hearing loss due to 
infection and trauma. Audiologic testing, particularly the tym-
panogram, will often provide diagnostic clues. The air conduc-
tion curve tends to be flat through the mid-frequencies, while 
the bone conduction is normal. Impedance audiometry shows 
changes in the contour of the tympanogram curve, depend-
ing on whether there is a defect of discontinuity or fixation. 
However, the tympanogram is not diagnostic, and further eval-
uation is necessary to make a precise diagnosis. Occasionally, 
defects of the malleus, especially absence or interruption of 
the short handle, may be detected on otoscopic examination. 
High-resolution computed tomography will allow delineation 
of a number of ossicular chain defects.1,2

Teunissen and Cremers proposed the most widely used 
classification of middle ear malformations.3 The classification 

was based on surgical experience of 144 operations and com-
prises four groups:  (1)  stapes ankylosis; (2)  stapes ankylosis 
with ossicular anomaly; (3)  ossicular anomaly with mobile 
footplate or discontinuity; and (4) aplasia of the round or oval 
window. Park and Choung have recently proposed a modified 
version of the Tuenissen and Cremers classification of middle 
ear bone defects.4 Based on analysis of 78 patients (94 ears), 
this classification was designed to evaluate outcome accord-
ing to their categorization. The described anomalies fell into 
five groups:  (1)  Type 1, normal stapes with anomaly of the 
incus or malleus; (2) Type 2, stapes anomaly with mobile foot-
plate; (3), Type 3, stapes foot fixation; (4) Type 4, stapes fixa-
tion with another anomaly; and (5) Type 5, no stapes footplate 
with another anomaly (usually absence of the oval window). 
Over 50 percent of the 78 cases showed either Type 3 or Type 4, 
making stapes fixation, with or without another anomaly, the 
most common defect in that series.

In a review on the assessment of individuals with middle 
ear malformations, Bergstrom reported a series of 687 children 
having congenital hearing loss.5 Seventeen percent had defects 
of the conducting mechanism. Only eight of these 117 children 
(7  percent) had isolated middle ear defects without external 
ear defects or other malformations. In discussing the syndro-
mal causes of middle ear defects, Nadol separated individuals 
with middle ear defects into three classes of syndromes: those 

Fig. 14.I.1 Ossicular chain of the middle ear. Normal malleus, incus, and stapes.
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with progressive hearing loss, including bone dysplasias and 
connective tissue dysplasias; those with nonprogressive hear-
ing loss, including dysostoses, localized ear defects, and chro-
mosome disorders; and those in which progression of hearing 
loss is unknown.6

There are a number of reports in the literature of autoso-
mal dominant middle ear ossicular defects. Higashi et al. have 
reviewed a number of the families reported in the Japanese lit-
erature.7 Most defects are consistent and run true within a single 
family. There are large multigenerational families with autoso-
mal dominant stapes fixation, as well as other reports of autoso-
mal dominant incudostapedial disconnection (see Table 14.1.1). 
While most of the familial cases have bilateral involvement, 
there are occasional exceptions within the reported families.

The most important and prototypic syndrome caus-
ing middle ear defects is the NOG-related symphalangism 
spectrum disorder. This community of known autosomal 
dominantly inherited conditions includes the multiple syn-
ostoses syndrome (also known as the facioaudiosymphalan-
gism syndrome), the tarpal-carpal coalition syndrome, stapes 
ankylosis with broad thumbs and toes (also known as the 
Teunissen-Cremers syndrome), proximal symphalangism, 
and brachydactyly B2; most individuals with these conditions 
display heterozygous mutations of the NOG gene (OMIM, 
602991; http://www.nchi.nlm.nih.gov). Potti et  al. suggest 
adapting this all-encompassing term because of the variable 
phenotypic spectrum within and among families.8 In those 
with conductive hearing loss the most consistent middle ear 
defect is stapes ankylosis. However, various defects of the incus 
have been also described in some patients with the stapes fixa-
tion. Mutations of GDF5, which encodes a member of the BMP 
family, have been described in a few families with the multiple 
synostoses syndrome, indicating genetic heterogeneity of that 
phenotype within the spectrum.

Thalidomide is the principal human teratogen known to 
affect the middle ear. A wide range of ossicular chain defects 
have been reported in infants exposed to thalidomide during 
the critical period. Vitamin A also alters the middle ear cavity 
and ossicles in rodents, an important finding since the vitamin 
A  analog, isotretinoin, is a human teratogen. Some authors 
have proposed that rubella can affect the middle ear as well as 
the inner ear, but there is little documentation of this sugges-
tion. Although maternal diabetes is known to affect external 
ear development, evidence that it produces isolated middle ear 
alterations is lacking. More recently mycophenolate mofetil 
(MMF) has been recognized as a human teratogen based on 
clinical evidence.9 Microtia and meatal atresia represent car-
dinal features of the MMF embryopathy, but data on specific 
malformations of the middle ear are sparse.

An accurate prevalence of nonsyndromal ossicular chain 
defects cannot be provided. If about 1–2 percent of individu-
als with congenital hearing loss have isolated, nonsyndromal 
ossicular defects (see discussion of Bergstrom above) and the 
newborn prevalence of congenital hearing loss is assumed to 
be one in 500, then the frequency could be approximated as 1 
in 25,000 children.5 However, this figure is certainly an under-
estimate of the nonsyndromal forms, as mentioned above. The 
overall prevalence of individuals with all ossicular malforma-
tions is likely higher and would approximate the frequency of 
microtia with meatal atresia because of the high frequency of 
middle ear defects in microtia.

A N AT O M I C A L  E M B RY O L O G Y

The middle ear cavity (tympanic cavity) is formed by prolifera-
tion and outpocketing of endoderm from the first pharyngeal 
pouch in a lateral direction. As it grows, this protrusion forms 
the tubotympanic recess that contacts the partition between 

TABLE 14.I .1  Summary of reports of Familial Nonsyndromal Middle ear Ossicular Malformations

rePOrT OSSiCUlar deFeCT SUGGeSTed MOde OF iNHeriTaNCe

Miller et al.15 Congenital fixation of malleus AD

Higashi et al.7 Incudostapedial disconnection* AD

Wehrs16 Incudo stapedial disconnection (absence of incus) AD

Masuda et al.17 Congenital stapes fixation** AD

Kinsella and Kerr18 Congenital stapes fixation/bony bar stapes to pyramid AD

Thies et al.19 Congenital stapes fixation/bony bar stapes to pyramid AR (sibs)

Wetmore and Gross20 Congenital fixation of head of stapes/bony bar to pyramid AD

Lee et al.21 Abnormal incus/stapes fixation AD

Nakanishi et al.22 Absence of incus/stapes fixation AD

Zhang et al.23 Abnormally shaped stapes with no footplate X-linked dominant

Yi et al.24 Absence of stapes and oval window AR

Borrmann and Arnold25 Round window atresia AD
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the first pharyngeal pouch and cleft. Tissue in the partition 
between these spaces is covered by ectoderm externally and 
endoderm internally with a small amount of mesenchyme in 
the middle. The distal end of the tubotympanic recess contin-
ues to expand and forms the tympanic cavity, while its proxi-
mal end remains narrow and connects to the pharynx as the 
auditory (eustachian) tube. The first pharyngeal cleft forms 
the external auditory meatus and the original partition tissue 
between the pouch and cleft forms the eardrum.

The middle ear ossicles are derived from neural crest cells 
in the first (malleus and incus) and second (stapes) pharyngeal 
arches. These bones remain embedded in mesenchyme until 
the eighth month, when vacuolization of surrounding tissue 
frees each bone and expands the tympanic cavity. During fetal 
life, this cavity continues to expand dorsally by vacuolization 
to form the tympanic antrum. After birth, epithelium of the 
antrum invades the bone of the mastoid process, and epithelial 
lined air sacs are formed. Eventually most of the mastoid air 
sacs connect to the tympanic antrum, explaining why middle 
ear infections can spread rapidly to mastoid air cells.

M O L E C U L A R  E M B RY O L O G Y

Patterning and morphogenesis of the first and second pha-
ryngeal arches is dependent upon Eya1 and members of the 
Hox and Dlx transcription factor families. Signaling path-
ways that involve retinoic acid, Edn1, and FGF8 likely medi-
ate the epithelial-mesenchymal interactions required for 
correct formation of middle ear components.10 Tympanic ring 
development requires the expression of both Gsc and Prrx1. 
Chondrogenesis and osteogenesis of the ossicles is mediated 
by BMP signaling, induction of Col genes, and Indian hedge-
hog/PTHrP signaling.11

The hearing loss in individuals with middle ear malfor-
mation is nonprogressive, of early onset, and conductive in 
nature. Educational intervention, including early infant edu-
cation, for the individual with the moderate hearing loss is 
clearly appropriate and recommended. Prior to any poten-
tial surgical intervention, augmentation with hearing aids 
is warranted. Thus the first step in management is referral 
to an experienced pediatric audiologist and to a pediatric 
otolaryngologist. In individuals who have no auditory canal 
defect or cochlear dysplasia, options for surgical reconstruc-
tion of the middle ear are available and will be discussed 
in the individual entries to follow. Middle ear implantable 
hearing devices are also a treatment option. Some authorities 
recommend a bone-anchored hearing aid (BAHA) for most 
patients.

Individuals with ossicular chain defects have benefited 
from the many advances in surgery that were developed for 
otosclerosis, stapes fixation, and acquired defects of the bones 
secondary to longstanding infection. A number of prosthetic 
devices and grafting techniques have been developed for 

reconstruction of the middle ear chain.12-14 Prostheses include 
the total ossicular replacement prosthesis and the partial ossic-
ular replacement prosthesis. Materials used have included tita-
nium, high-density polyethylene sponge, and hydroxyapatite, 
a dense calcium phosphate ceramic. The House wire is also 
used in connecting the incus to the oval window.
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14.1 aBSeNCe, HYPOPlaSia, aNd MalFOrMaTiON OF THe MalleUS

Definition: Absence or underdevelopment of the malleus, shortening of the handle of the malleus, and alterations 
of the manubrium.

ICD9/ICD10: 744.03/Q16.4 Syndrome Associations (Appendix)
Branchiootorenal (EYA1, SIX5)
Dyschondrosteosis (SHOX)
Treacher Collins (TCOF1, POLR1C, POLR1D)
del 4p

Birth prevalence: unknown

Associated anomalies: microtia with meatal atresia

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

Aplasia or hypoplasia of the malleus is recognized by the 
detection of congenital hearing loss due to the poor mechani-
cal transmission from the ear drum to the incus (Fig. 14.1.1).1,2 
Otoscopic examination will sometimes identify this uncom-
mon bony defect. Clues to the diagnosis can come from the 
pattern on the tympanogram, but the definitive recognition 
requires high-resolution computed tomography or surgical 
exploration, often for other reasons.

Martin et  al. reviewed the histopathological findings of 
fixation of the head of the malleus.3 In congenital aural atresia, 
patients can have a malleus bar fixing the rest of the ossicular 
chain to the atretic plate. As in all the ossicular chain defects, 
exact figures for prevalence do not exist. Hypoplasia/aplasia of 
the malleus represents one of the less frequent of the ossicular 
middle ear defects.

Treatment: The goal of surgery is to establish a functional 
connection from the tympanic membrane and direct it to the 
incus, stapes, or oval window, depending on the status of the 
other bones. A  partial ossicular replacement prosthesis or a 

homograph can be used.4 Vincent and colleagues reviewed the 
use of an organic titanium malleus replacement prosthesis and 
demonstrated that it was as useful as the total prosthesis; this 
replacement prosthesis connects the tympanic membrane to 
the stapes footplate.5

Prognosis: Ossiculoplasty with a malleus prosthesis may be 
expected to provide worthwhile hearing improvement.
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Fig. 14.1.1 A: Malformed malleus lacking handle; incus lacking long crus and short process; malleus and incus fused. B: Malleus lacking handle; incus lacking long 
crus and short process; stapes absent; malleus fused to incus and to lateral wall of attic and atresia plate.
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14.2 FUSiON deFeCTS OF THe MalleUS

Definition: Fixation of the head of the malleus to the incus or to the wall of the tympanic cavity.

ICD9/ICD10: 744.02/Q16.3 Syndrome Associations (Appendix)
Cleidocranial dysplasia (RUNX2)
Diastrophic dysplasia (DTDST)
Oculoauriculovertebral
Treacher Collins (TCOF1, POLR1C, POLR1D)
del 22q11.2
del 18q

Birth prevalence: unknown

Associated anomalies: skeletal

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

Malleus head fixation is the most common isolated malleus 
anomaly. The malleus may be fused to the incus, the atretic 
plate (in the case of microtia-meatal atresia), or the superior 
wall of the tympanic cavity (Fig. 14.2.1). Fixation of the mal-
leus results in nonprogressive conductive hearing loss with a 
maximum of 60 dB loss when there is total fixation. Malleus 
fixation is well known to otologists in association with otoscle-
rosis. Malleal head fixation, however, can also be a congenital 
defect as described here. In congenital aural atresia, patients 

can have a malleus bar fixing the rest of the ossicular chain to 
the atretic plate.

Goodhill proposed a number of pathogenetic mecha-
nisms including excessive air cell formation in the epitym-
panum, bony fixation of the anterior malleal ligament, and 
partial failure of the epitympanic expansion.1 Fusion defects 
of the malleus either to the epitympanum or to the incus are 
relatively uncommon in the major classes of ossicular chain 
defects. Fusion of the malleus to the atretic plate commonly 
occurs with meatal atresia. In the review by Higashi et al. of 
the Japanese literature on autosomal dominant chain defects, 
one of the families had nonsyndromal malleus and/or incus 
fixation accompanied by stapes fixation.2

Treatment: Fixation of the malleus requires mobilization and/
or use of a prosthesis (tympanic membrane/malleus to incus). 
Mobilization of the malleus may be challenging even with 
curette or microdrill instrumentation. If mobilization is unsuc-
cessful, the incudostapedial joint is separated, the malleus head 
is amputated and repositioned between the malleus handle and 
stapes superstructure, or a prosthesis is placed. A  number of 
prostheses are available to reestablish ossicular continuity.
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14.3 aBSeNCe, HYPOPlaSia, aNd MalFOrMaTiON OF THe iNCUS

Definition: Absence or underdevelopment of the incus and abnormal development of the lenticular process and 
long process.

ICD9/ICD10: 744.03/Q16.4 Syndrome Associations (Appendix)
Branchiooto
Branchiootorenal (EYA1, SIX5)
Dyschondrosteosus (SHOX)
Floating-Harbor (SRCAP)
Oculo-auriculo-vertebral
Sellars
Teunissen-Cremers (NOG)
Treacher Collins (TCOF1, POLR1C, POLR1D)
Wildervanck
Trisomies 13, 18

Birth prevalence: unknown

Associated anomalies: craniofacial, skeletal, renal

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

As in defects of the malleus, underdevelopment or absence of 
the incus is diagnosed by the nonprogressive, conductive hear-
ing loss and by high-resolution computed tomography. Defects 
can be discovered during reconstruction for the problem or for 
other defects of the middle ear.

The range of defects includes absence of the lenticular 
process, absence of the long process with persistence of the 
lenticular process and body, absence of the short process 
and body, and total absence of the incus (Fig. 14.3.1). This 
range comprises the class of malformations called incudo-
stapedial disconnection, which represents the most common 
middle ear defects seen in one series.1 Park et al. reviewed 21 
patients with absence of the long process; 13 of the 21 had 
stapedial anomalies as well.2 Hypoplasia of the long process 
of the incus has been documented in a family as described 
by Higashi et  al.3 These authors also reviewed three other 
families with apparent autosomal dominant inheritance of an 
incudostapedial disconnection. These and other families with 
nonsyndromal abnormalities of the incus are summarized in 
Table 14.I.1. Unilateral nonsyndromal agenesis of the incus 
has been described and is potentially detectable by virtual 
endoscopy.4

This particular continuum of defects has been observed in 
a number of syndromes, for example, the common disorders of 
Treacher Collins syndrome, microtia with meatal atresia, tri-
somy 18, trisomy 13, and Wildervanck syndrome.5 In addition 
to these broader patterns of malformation, reports by Escher 
and Hirt and by Wilmont delineated an autosomal dominant 
condition consisting of conductive hearing loss due to an 
abnormal incudostapedial joint and thickening of the external 
ear lobes.6,7 Teunissen and Cremers reported an uncommon 
condition of brachydactyly, brachytelephalangy, stapes fixa-
tion, and hypoplasia of the incus, now known to be caused by 
mutations of the NOG gene and as part of the NOG-related 
symphalangism spectrum disorder.8.9

Treatment: The ossicular discontinuity due to abnormalities 
of the incus can be repaired by a partial ossicular replacement 
prosthesis.
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Fig. 14.3.1 A: Agenesis of incus except for lenticular process; agenesis of a part of anterior crus. B: Malformed incus with only long crus present; stapes solid. 
C: Agenesis of long crus of incus and the crural arch of the stapes. D: Agenesis of the long crus of the incus. E: Agenesis of short process of the incus, the stapes, 
and stapedius muscle.
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14.4 FUSiON deFeCTS OF THe iNCUS

Definition: Fusion of the incus to the malleus, to a portion of the epitympanum and middle ear fossa, or to the stapes.

ICD9/ICD10: 744.02/Q16.3 Syndrome Associations (Appendix)
Branchiootorenal (EYA1, SIX5)
Cleidocranial dysplasia (RUNX2)
Crouzon (FGFR2)
Diastrophic dysplasia (DTDST)
Oculoauriculovertebral
Treacher Collins (TCOF1, POLR1C, POLR1D)
Teunnisen-Cremers (NOG)
Winter
del 22q11.2
del 18p

Birth prevalence: unknown

Associated anomalies: craniofacial, skeletal, renal

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

Making the diagnosis of fusion of the incus to the middle 
ear cavity or to the malleus is the same as for other ossicu-
lar chain defects. The most typical incudostapedial anoma-
lies are fibrous union, absence of the joint, or bony fusion. 
Incudostapedial fusion was the second most common middle 
ear defect in the Teunissen and Cremer series.1 Teunissen and 
Cremers described an autosomal dominant condition of sta-
pes fixation, brachydactyly, brachytelephalangy, and, in a few 
cases, fusion of the short process to the fossa incudis.2,3 This 
fusion defect has also been seen in Winter syndrome, bran-
chiootorenal syndrome (incus fused to stapes), and Crouzon 
syndrome.4 Tympanoplasty may be performed for this and for 
other forms of bony ossicular fixation.5,6
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14.5 aBSeNCe, HYPOPlaSia, aNd MalFOrMaTiON OF THe STaPeS

Definition: Failure to form, underdevelopment, or anomalous function of the stapes.

ICD9/ICD10: 744.03/Q16.4 Syndrome Associations (Appendix)
Treacher Collins (TCOF1, POLR1C, POLR1D)
Wildervanck
Trisomy 13
Turner (45,X)

Birth prevalence: unknown

Associated anomalies: craniofacial

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian
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Malformations include underdevelopment or absence of the 
stapes and a wide range of structural alterations of this mid-
dle ear ossicle (Fig. 14.5.1). Hypoplasia or aplasia defects of 
the stapes are diagnosed like the other middle ear ossicular 
chain defects mentioned previously. A variety of structural 
alterations of the shape of the stapes have been described. 
These include the unicrurate defect, incomplete develop-
ment of the crura without attachment to the footplate, entire 
absence of the superstructure of the stapes, and the so-called 
columella or monopodal stapes.1 The columella type is one 
of the most common of this group. These defects also can be 
classified as part of the group of incudostapedial disarticula-
tion defects or disconnection defects. When there are altera-
tions of its superstructure, the stapes is not connected with 
the incus. Louryan et al. described a patient with an ectopic 
stapes.2

The genetics of these malformations is unclear. Most of the  
information on defects of the stapes involve fixation of the 
stapes footplate. Sellars and Beighton reported a family  
with an apparently autosomal dominant condition involving 
type I microtia and absence of the stapes superstructure.3 In 
this condition there are varying degrees of hypoplasia of the 
incus and fixation of the stapes footplate. This particular syn-
drome is of note, since it seems to comprise a range of findings 
including alterations of the long process of the incus, lenticular 
process of the incus, and stapes superstructure. Variability in 
the reported family suggests a common denominator in devel-
opment in this area of the ossicular chain. The malleus was 
usually normal. It is of note that the stapes superstructure and 

perhaps the long process of the incus come from the second 
branchial arch.

Structural alterations of the stapes also occur in Treacher 
Collins syndrome, oculoauriculovertebral spectrum, 
Escher-Hirt syndrome, trisomy 13, microtia with meatal atre-
sia, and a number of less common disorders.4

Treatment: Surgical therapy centers on removing the mal-
formed stapes atraumatically and leaving a mobile footplate. 
A laser may be helpful in removing an ossified stapedius ten-
don or abnormal stapes superstructure. Once accomplished, a 
prosthesis can be placed from the footplate to either the tym-
panic membrane, incus (if available), or malleus handle.5,6

Prognosis: Worthwhile improvement in hearing may be 
expected with prosthetic replacement of the stapes.
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Fig. 14.5.1 A: Agenesis of the stapes and stapedius muscle. B: Agenesis of the stapes except for a remnant of the anterior crus; agenesis of stapedius muscle. 
C: Partial absence of the anterior and posterior crus of the stapes.
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14.6 CONGeNiTal FiXaTiON OF THe STaPeS

(Stapes Ankylosis)

Definition: Fusion of the footplate of the stapes to the oval window, thus altering the stapedial-vestibular joint.

ICD9/ICD10: 744.02/Q16.3 Syndrome Associations (Appendix)
Branchiooto
Branchiootorenal (EYA1, SIX5)
Cleft palate-oligodontia
Cleidocranial dysplasia (RUNX2)
Diastrophic dysplasia (DTDST)
Dyschondrosteosis (SHOX)
Facioaudiosymphalangism (NOG)
Forney
Sellars
Stickler (COL2A1, COL11A1, COL11A2, COL9A1)
Teunissen-Cremers (NOG)
Turner (45,X)

Birth prevalence: unknown

Associated anomalies: craniofacial, skeletal, renal

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian

Congenital stapes footplate fixation is considered in an indi-
vidual with a nonprogressive conductive hearing loss in which 
there is no other ossicular chain defect detected on radiogra-
phy. A definitive diagnosis is made during exploratory tympa-
notomy. The stapes footplate may be totally or partially fixed 
on gentle palpation. Absence of the oval window is sometimes 
associated with stapes ankylosis. When there is total fixation, 
about 50 to 100 percent of the footplate is fixed to the otic cap-
sule. Audiometry will reveal a maximum flat 60 dB conductive 
loss. About one-fourth of the cases reviewed by Sheer had par-
tial fixation with less conductive loss.1

An historical overview and description of this relatively 
recently described congenital defect was presented by House 
in 1969.2 He proposed that congenital fixation of the stapes 
footplate was due to an abnormality of the differentiation 
of the annular ligament. The defect is sometimes associ-
ated with absence of the oval window, which some otologists 
feel is the full expression of this morphologic defect of the 
stapedial-vestibular joint.

Familial cases of stapes with fixation by a bony bar to the 
pyramid of the middle ear have been described and are sum-
marized in Table 14.I.1.

Of special mention is the proposal by Potti et al., suggest-
ing that all of the noggin-associated syndromes be encom-
passed under one broadly inclusive diagnostic term, namely 
NOG-related symphalangism spectrum disorder.3 The other 
important Mendelian condition to note is the X-linked disorder 
of mixed hearing loss with congenital fixation of the stapes and 
the perilymphatic gusher at the time of surgery. This condition 
is due to mutations of POU4 and represents a rare but important 
cause of stapes fixation.4,5 Thomeer and colleagues described 
the surgical results in 25 patients who had both isolated and 
syndromal stapes ankylosis and provide a current update.6

While the otology literature usually states that family his-
tory is negative in stapes fixation, there are a number of fami-
lies reported. Table 14.I.1 summarizes the familial cases of 
nonsyndromal stapes fixation.

The exact frequency of congenital stapes fixation is not 
known, but it does represent the first or second most common 
anomaly of the ossicular chain depending on the series. In a 
series dealing with reconstruction of the middle ear by Sheer, 
16 of 17 patients had a structurally abnormal stapes related to 
their conductive hearing loss without an abnormal external 
ear or meatus, and three of these had congenital fixation.1 In 
a study of congenital middle ear deafness involving patients 
with normal external ears, three of 15 had congenital stapes 
fixation.7 In the series Teunissen and Cremers, 30 percent of 
their 144 cases had congenital stapes ankylosis.8

The etiology of stapes fixation is usually not determined. 
Most case descriptions in the otology literature provide no 
family history. However, there are a number of exceptions 
to this statement, and there has been very little systematic 
study of the genetic aspects of congenital stapes fixation. 
Table 14.I.1 lists the recorded autosomal dominant fami-
lies. The X-linked disorder mentioned above should always 
be considered. There are no studies of parents of individuals 
with congenital stapes fixation, and unilateral findings could 
certainly go undetected. Treacher Collins syndrome and the 
NOG-related symphalangism spectrum disorder represent 
the most common of the syndromal disorders in which this 
defect occurs.

Congenital stapes fixation has been seen in individu-
als with prenatal thalidomide syndrome. None of the other 
human teratogens has been implicated as a cause of this ossic-
ular defect, but it is plausible that it is a feature of the isotreti-
noin embryopathy.
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Treatment: Thomeer et  al. described the surgical results 
in 25 patients with isolated or syndromal stapes ankylosis.6 
Treatment options are dictated by the severity of stapes fixa-
tion and the presence of other ossicular anomalies. If stapes 
fixation is minimal, one can try to mobilize the footplate. 
House noted good long-term results following stapes mobili-
zation procedures.2

For more extensive stapes fixation, a stapedectomy or sta-
pedotomy procedure is advocated. Proponents have shown 
good postoperative results with both techniques. Stapedectomy 
involves complete removal of the footplate; stapedotomy 
involves creation of a fenestra in the footplate. A  prosthesis 
is then placed, for either procedure, between the incus and 
oval window niche. A  temporalis fascia graft or tragal peri-
chondrium is typically placed between the prosthesis and oval 
window niche for stapedectomy procedures to prevent medial 
migration into the vestibule.

The most challenging situation arises when the stapes fixa-
tion is associated with incus and malleus abnormalities. In 
this case, a total ossicular reconstructive prosthesis (TORP) 
is necessary. It is placed over a temporalis fascia/tragal peri-
chondrium following a stapedectomy procedure. A thin piece 
of tragal cartilage is then interposed between the TORP and 
tympanic membrane. Battaglia et  al. reviewed 21 patients 
undergoing TORP and stapes footplate removal. Hearing 
results indicated that 52 percent have an air-bone gap less than 
20 dB.9 House and Teufert noted similar results.10 Awareness of 
the possibility of the perilymphatic gusher is always necessary 

prior to surgical intervention. This finding is seen in stapes 
fixation of various causes, including the X-linked type.5

Prognosis: Stable and worthwhile improvement in hearing 
occurs in most patients after ossicular reconstruction.6 The 
coexistence of some sensorineural hearing impairment influ-
ences the level of hearing improvement.
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14.7 aBSeNCe OF THe OVal WiNdOW

Definition: Failure of development of the oval window.

ICD9/ICD10: 744.02/Q16.4 Syndrome Associations (Appendix)
Branchiooto
Branchiootorenal (EYA1, SIX5)
Treacher Collins (TCOF1, POLR1C, POLR1D)
Wildervanck

Birth prevalence: unknown

Associated anomalies: craniofacial, renal

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: Mendelian

Nondevelopment of the oval window of the middle ear is usu-
ally associated with congenital defects of the stapes, includ-
ing footplate fixation. Congenital absence of the oval window 
would usually be recognized at the time of surgery in indi-
viduals with conductive hearing loss. In the series of Swartz 
et  al., one individual was recognized by computed tomogra-
phy (CT).1 Abnormalities of the facial nerve canal and lower 
ossicular chain, especially the long process of the incus, usu-
ally accompany this defect. Commonly the long process of the 
incus is short and more medially positioned. Some individuals 
have also had accompanying absence of the round window. 
The stapes is invariably abnormal. In Lambert’s review of 

seven cases, aplasia of the stapes was present in one case, and 
structurally abnormal stapes were present in the remaining six 
cases.2 In the series of Park and Cheung, absence of the oval 
window represents their Type 5 and accounted for about 9% 
of cases.3

The genetic aspects of this defect have only recently been 
explored. There have been a few reported cases of apparently 
familial causes of absence of the oval window, and these are 
summarized in Table 14.I.1. CT in a patient with oval window 
atresia is shown in Fig. 14.7.1.

Absence of the oval window has occasionally been seen in 
Treacher Collins syndrome and in the oculoauriculovertebral 
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spectrum. In addition, individuals with Wildervanck syn-
drome and 22q11 deletion have been reported with absence 
of the oval window. This defect is also seen with Mondini dys-
plasia of the inner ear.4 Absence of both the round window 
and the stapes has been seen as the middle ear defect in a dis-
tinctive dominant syndrome involving limb reduction defects, 
cardiac arrhythmias, abnormal external ears, and conductive 
hearing loss. Congenital absence of the oval window has been 
reported in cases of prenatal thalidomide syndrome.

The frequency of this particular finding is unknown. 
Jahrsdoerfer’s series of 13 patients represents one of the largest 
to date.5 This investigator suggested that congenital absence of 
the oval window may be related to abnormal development of 
the facial nerve. Lambert’s review in 1990 included only seven 
papers from 1958 to 1990 on this topic.2

Treatment: The surgical challenges to this anomaly are sig-
nificant given the potential risk to the facial nerve and inner 
ear. Sterkers and Sterkers have described success with drilling 

a fenestra above the facial nerve and placing a prosthesis to 
the incus in six cases.6 Lambert reviewed the outcomes of six 
patients who underwent vestibulotomies and reconstruction 
with House wires or total ossicular reconstruction prosthesis.2 
Hearing initially improved in four of the six patients but was 
lost over time. Given the poor surgical outcome and poten-
tial morbidity of the procedure, use of hearing aids is recom-
mended. Thomeer and colleagues review their surgical results 
on 14 patients with absence of the oval (and round) window.7 
These authors suggest that the modern bone conduction hear-
ing aids may be the preferred management options as opposed 
to surgical procedures.

Prognosis: Surgery has not resulted in stable and worthwhile 
hearing improvement. Currently, bone conduction hearing 
aids may be the best alternative.
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14.8 CONGeNiTal CHOleSTeaTOMa

Definition: A cystic epithelial remnant of embryologic origin found medial to an intact tympanic membrane.

ICD9/ICD10: 385.32/H71.13 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: unknown

While the actual existence of congenital cholesteatoma was 
once debated in the otology literature, the present consensus 
is that this condition does exist as a discrete disorder. Many 
children present with conductive hearing loss. An opaque or 
whitish appearing mass is typically seen behind the tympanic 
membrane. Many cases are diagnosed during surgical explora-
tion for the cause of conductive hearing loss. High-resolution 
computed tomography may detect these lesions as a homog-
enous mass in the middle ear. The review by McDonald 
et al. indicates that congenital cholesteatomas make up about 

2 percent of all such lesions.1 Derlacki and Clemis originally 
established the clinical criteria for diagnosis: (1) no history of 
otorrhea, perforation, or previous otologic procedures, (2) nor-
mal pars tensa and flaccida, and (3) a pearly white mass medial 
to an intact tympanic membrane.2 Levensen et al. relaxed the 
criteria by including some children with serous otitis media.3

The mean age of presentation as reported in more recent 
reviews is 4.5 years.4,5 There is a male preponderance of nearly 
3:1 in recent reports. If allowed to enlarge, these cholesteato-
mas can erode the ossicles and spread to the attic and antrum. 

Fig. 14.7.1 High resolution CT image of a 7-year-old patient with right oval 
window stenosis and atresia on the left. (Courtesy of Dr. Gary Hedlund)
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A child with a conductive hearing loss in the absence of serous 
effusion should be suspected of having a cholesteatoma unless 
proven otherwise.6

In 1854, Von Remak suggested that many cholestea-
tomas may be dermoids originating from epidermal rests 
formed during embryologic development.7 Michaels dem-
onstrated epidermoid tissue in a fetus at 5–6 weeks gestation 
that apparently involuted by 33 weeks.8 He suggested that this 
epidermoid tissue, if persistent, could result in primary cho-
lesteatoma located in the anterosuperior portion of the meso-
tympanum. Other theories include epithelial implantation or 
epithelial migration through the tympanic ring.9,10 Currently 
the epidermal rest theory proposed by Michaels has been the 
most widely accepted one. Congenital cholesteatoma has been 
described in siblings, but otherwise there are no reports of 
familial occurrence.11

Treatment: The treatment of congenital cholesteatoma is 
surgical removal. The major impact of these lesions, as men-
tioned above, is ossicular destruction and occasional involve-
ment of the inner ear. The sequence of events is such that 
they grow, become secondarily infected, and with time pro-
duce destruction of the osseous chain and temporal bones. 
Occasionally the lesion will recur even after surgery. Surgical 
strategy depends on the extension of the lesion. Lesions 
involving the anterosuperior mesotympanum can be removed 
via an anteriorly based tympanotomy with excellent results. 
For extensive tumors involving the entire mesotympanic 
and antrum; a mastoidectomy may need to be performed. 
In general, the surgeon attempts to preserve as much of the 
ossicular chain and posterior canal wall as possible without 
sacrificing the extent of removal. The recent introduction of 
otoendoscopes may improve outcomes for this condition due 

to better visualization. The excellent visualization from this 
approach may also reduce the need for additional surgical inci-
sions or mastoidectomy procedures. Reexploration is under-
taken when the surgeon cannot be certain of residual disease. 
Ossiculoplasty is usually performed once epithelial removal 
is complete. Recently, Richter and Lee reviewed the literature 
and their experience with the diagnosis and management of 
congenital cholesteatoma. Recurrence is possible and should 
be looked for, and surgical planning should include assessment 
by an experienced pediatric otolaryngologist.12
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14.9 PerSiSTeNCe OF THe STaPedial arTerY

Definition: Failure of the stapedial artery to involute after the third month of embryogenesis.

ICD9/ICD10: 744.03/Q16.4 Syndrome Associations (Appendix)
Oculoauriculovertebral

Birth prevalence: unknown, <50 cases reported

Associated anomalies: none specific

Laboratory studies: CT

Prenatal diagnosis: unlikely

Cause: unknown

The stapedial artery is usually present in the early stages 
of embryonic development of the middle ear and thereaf-
ter regresses. Its persistence beyond this point is considered 
a malformation. Persistence of the stapedial artery is usually 
diagnosed during middle ear surgery for conductive hearing 
loss. While there are some radiologic clues on a skull X-ray 
(absence of the foramen spinosum in the X-ray of the cranial 

base), it is difficult to diagnose even with carotid angiography. 
However, reports of successful detection with CT have been 
reported.1

It is also difficult to sort out the various associations 
with persistence of the stapedial artery, because it is usually 
found at the time of middle ear surgery and thus there is 
clearly an ascertainment bias. It has been seen in individuals 
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with the oculoauriculovertebral spectrum. In a review by 
Pascual-Castroviejo, persistence of the stapedial artery was 
reported in a child with an unusual branchial arch abnormal-
ity consisting of anotia and trilobulated mass in the area of the 
pinnae.2 The persistence of the stapedial artery in this case was 
demonstrated on arteriography.

The frequency of this condition cannot be determined. 
As of Pascual-Castroviejo’s review, there had only been about 
20 reported cases.2 Only a few reports have been published 
since.1,3,4

Although the pathogenesis is unclear, the condition does 
appear to represent the persistence of an artery that usually 
regresses during embryonic development. The stapedial artery 
is present in the developing embryo at 35 days as a branch of 
the hyoid artery. By age 55 to 60 days, the branches of the sta-
pedial artery have become part of the ophthalmic artery, and 

the arteries originate in the third pharyngeal arch. The trunk 
of the stapedial artery disappears during the third month of 
fetal life.

It is not clear if the presence of a stapedial artery is devel-
opmentally related to the oculoauriculovertebral spectrum or 
to other middle ear defects. It simply may be that this arterial 
variation occurs in conjunction with other developmental dis-
orders of the external and middle ear.
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14.10 HiGHlY PlaCed JUGUlar BUlB

Definition: An anomaly of placement of the jugular bulb in which the location of the vascular structure interferes with ossic-
ular chain motion and produces conductive hearing loss.

ICD9/ICD10: 744.03/Q16.4 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: none

Laboratory studies: computed tomography

Prenatal diagnosis: unlikely

Cause: unknown

A bluish-red mass can be seen in the posterior portion of the 
middle ear behind the tympanic membrane. A vascular mass 
is recognized at the time of surgical exploration. A venogram 
shows distension of the jugular bulb.

Because of the rarity and small number of cases of this 
condition, its association with other malformations or syn-
dromes is unknown. The association of a highly placed jugu-
lar bulb with conductive deafness and interference with the 
osseous chain is uncommon. Moretti reviewed the literature 
on this topic in 1976.1 The etiology and pathogenesis are 
unknown. In the case he studied, there was hypoplasia of the 
contralateral sinusojugular system. Other cases can be due to 
normal variation in the height of the jugular bulb and occa-
sional dehiscence of the floor of the middle ear. Kondoh et al. 
documented a case associated with hearing loss.2 Recently 

Woo et  al. reviewed their experience with the diagnosis of 
highly placed jugular bulb by computed tomography.3 Jugular 
vein ligation and embolization are suggested in management 
decisions.

This anomaly is an uncommon cause of unilateral conduc-
tive loss. Because of the unilateral involvement, vascular sur-
gery would involve decisions about risks versus benefits.
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15 | INNER EAR

ELOISE J. PRIJOLES*

InTrODUCTIOn

Congenital inner ear abnormality may be identified in individu-
als with hearing loss or vestibular complaints such as dizziness or 
vertigo.1,2 High resolution computed tomography (CT) and mag-
netic resonance imaging (MRI) of the inner ear detect malforma-
tions in about 20 to 30 percent of cases of congenital hearing loss. 
The remainder of cases of congenital malformation are membra-
nous malformations in which the bony architecture of the inner 
ear appears normal, and pathology is at the cellular level.3,4

A N AT O M I C A L  E M B RY O L O G Y

The internal ears are derived from otic placodes induced in 
ectoderm adjacent to the hindbrain. Ectoderm cells in the 
placode lose their cuboidal shape and become columnar. Then 
the placode invaginates in a cup-like fashion until the edges of 
the cup come together, as if they had been pulled by a purse 
string. At this stage, attachment to the remaining ectoderm is 
lost and the otic vesicle is formed. From this simple vesicle all of 
the internal ear structures are differentiated. In the sixth week, 
each vesicle segregates into a ventral component that forms the 
saccule and cochlear duct, and a dorsal component that forms 
the utricle, semicircular canals, and endolymphatic duct. All 
of these structures form the membranous components of the 
inner ear called the membranous labyrinth; the bony labyrinth 
differentiates from mesenchyme in surrounding structures 
derived from the membranous labyrinth.

Mesenchyme around the cochlear duct differentiates into 
cartilage and then in the tenth week, two spaces—the scala 
vestibuli and scala tympani—are formed by vacuolization. The 
cochlear duct lies between these cavities, and is separated from 
the scala vestibuli by the vestibular membrane and from the 
scala tympani by the basilar membrane. Eventually, cells of the 
cochlear duct differentiate into inner and outer hair cells situ-
ated on the basilar membrane, with their sensory hairs embed-
ded in the overlying tectorial membrane. Together the hair 
cells and membrane constitute the organ of Corti. Impulses 
received by this structure are transmitted to the spiral ganglion 
(derived from neural crest cells) and then to the brain via audi-
tory fibers of cranial nerve VIII (CNVIII).

In the sixth week, three semicircular canals appear in dif-
ferent planes to each other as outpocketings from the utricular 

portion of the original otic vesicle. One end of each canal 
dilates and forms an ampulla. Some cells in this region form 
sensory hair cells along a crest called the crista ampullaris. 
Similar sensory areas called maculae acousticae differentiate in 
the walls of the utricle and saccule, which provide informa-
tion about horizontal movement and vertical acceleration of 
the head. Signals from the semicircular canals, utricle, and sac-
cule travel to the statoacoustic ganglion and then via vestibular 
fibers of CNVIII.

M O L E C U L A R  E M B RY O L O G Y

Positional establishment of the pre-placode region is 
orchestrated by cooperative signals from the head meso-
derm and neural plate, including the interaction of FGFs 
with BMP and WNT antagonists. Expression of the tran-
scriptional modulators Six1, Six4, Eya1, and Eya2 in this 
region of the anterior neural plate is required for sensory 
progenitor cell specification.5 Through mutual repression, 
the expression domains of Otx2 and Gbx2 divide along the 
anterior-posterior axis of the sensory field.6 Establishment 
and subsequent segregation of the otic and epibranchial 
domains is mediated by FGF and WNT signaling, with the 
latter being dictated, in part, by the relative expression of 
Pax2. NOTCH signaling is involved in specifying sensory 
regions and differentiation of hair cells.7 The shaping and 
orientation of sensory hair cells in the cochlea are mediated 
by planar cell polarity signaling.8
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15.1 Inner ear malfOrmaTIOn

(Vestibulocochlear Dysplasia, Cochleovestibular Malformation)

Definition: A continuum of malformations and dysplasias involving the osseous and membranous components of the 
cochlea, vestibule, and lateral semicircular canals of the inner ear.

ICD9/ICD10: 744.05/Q16.5 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
Branchiootorenal (EYA1, SIX5, SIX1)
Branchiooculofacial (TFAP2A)
CHARGE (CHD7, SEMA3E)
Jervell and Lange-Nielson (KCNQ1, KCNE1)
Klippel-Feil (GDF6, MEOX1, GDF3)
Labyrinthine aplasia, microtia, and microdontia, or 
LAMM (FGF3)
Oculoauriculovertebral spectrum
Pendred (SLC26A4, FOXI1, KLNJ10)
Refsum (PHYH)
Usher (I-MYO7A, USH1C, CDH23, PCDH15, SANS, 
CIB2; II-USH2A, VLGR1; WHRN, III-CLRN1, PDZD7)
Waardenburg (I-PAX3; II-MITF, SNAI2; III-PAX3; 
IV-SOX10, EDNRB, EDN3)
Wildervanck
X-linked mixed deafness with gusher (POU3F4)
del 22q11
Trisomies 13, 18, 21
Prenatal cytomegalovirus infection
Prenatal rubella infection
Prenatal thalidomide exposure

Birth prevalence: 20-30% of patients with hearing loss 
may be identified with osseous anatomic abnormalities

Associated anomalies: sensorineural hearing loss; 
vertigo; increased risk of perilymphatic fistulas, or 
abnormal connection between the middle and inner ear

Laboratory studies: high resolution CT and/or MRI of 
the temporal bone

Prenatal diagnosis: detection of associated syndrome 
is possible if familial mutation has been identified, but 
absence/presence of inner ear malformation may not be 
clear until postnatal imaging is completed

Cause: chromosomal, Mendelian, congenital infections, 
prenatal drug exposures

Inner ear anomalies can be classified as involving the mem-
branous portion of the labyrinth only, or the bony and the 
membranous components.1-3 The cochlear duct, semicircular 

ducts, utricle, saccule, and endolymphatic duct and sac make 
up the membranous labyrinth. The bony labyrinth surrounds 
the membranous labyrinth and consists of the cochlea, three 

Fig. 15.1.1 Schematics of the bony internal ear (left) and membranous internal ear (right).



I n n e r   e a r  |  483

semicircular canals, and the vestibule. Improved computed 
tomography (CT) and magnetic resonance imaging (MRI) 
have allowed for better identification and diagnosis of ves-
tibulocochlear abnormalities. The anatomy of the inner ear is 
depicted in Fig 15.1.1.

In 1791 Mondini described cochlear malformations, 
including incomplete partition, dilated vestibule, and 
large vestibular aqueduct, based on histopathologic find-
ings in a deaf patient.4 Subsequently, various classification 
systems have been used to further differentiate vestibulo-
cochlear anomalies.5-8 The system by Omerod divides ves-
tibulocochlear dysplasias into four types named for the 
person who wrote the classical description of that malforma-
tion:  (1)  Michel aplasia, (2)  Mondini-Alexander dysplasia, 
(3)  Bing-Siebenmann dysplasia, and (4)  Scheibe dysplasia 
(Table 15.1.1). Further classification of inner ear malforma-
tions have been proposed with advancement of radiologic 
techniques and utility in guiding clinical management. The 
Jackler classification of inner ear anomalies is commonly 
used and is based on their likely occurrence in embryogen-
esis (Table 15.1.2).

In 20 percent to 30 percent of individuals with hearing loss, 
osseous abnormalities of the inner ear may be identified by CT 
or MRI. In retrospective studies, vestibulocochlear abnormali-
ties were more common in children with congenital syndromes 
than in those with nonsyndromal hearing loss. Etiologies for 
inner ear abnormalities include chromosome abnormalities, 
single gene disorders, congenital infections, and toxic expo-
sures. (Tables 15.1.1 and 15.1.2).

Treatment: Amplification with hearing aids is usually suffi-
cient for auditory rehabilitation in individuals with inner ear 
anomalies. When rehabilitation with hearing aids is not effec-
tive, however, cochlear implantation may provide improved 
outcome.9-12 Contraindications to cochlear implantation 
include Michel aplasia and absence of the auditory nerve. If 
bilateral absent cochlear nerve fibers, bilateral cochlear apla-
sia, or bilateral Michel aplasia is proven, auditory brainstem 
implant may be considered.13

A majority of the individuals with inner ear abnormali-
ties present with deafness. Patients should be discouraged 
from activities that could potentially further damage the inner 
ear, including contact sports, scuba diving, and parachuting. 
Minimizing exposure to ototoxic medications and loud noise 
is also suggested.

Bony dysplasias of the inner ear are associated with an 
increased risk of perilymphatic fistulas, which can present as 
either cerebrospinal otorhinorrhea or recurrent attacks of men-
ingitis. Parents should be counseled on signs and symptoms 
of meningitis and on the importance of vaccinations against 
Haemophilus influenzae type B and invasive pneumococcus.

Prognosis: Positive outcomes of cochlear implantation in 
patients with various inner ear malformations have been 
described.9-12 Degrees of cochlear dysplasia, ranging from 
incomplete partition to common cavity, can be safely implanted 
and auditory responses expected. However, postoperative 
speech perception may be highly variable depending on degree 
of membranous and neural involvement and age at onset of 

TABLE 15.1.1  Omerod classification system of vestibulocochlear dysplasias.

malfOrmaTIOn DesCrIPTIOn *assOCIaTeD DIsOrDers

Michel aplasia Complete lack of inner ear development. Familial autosomal dominant
Familial autosomal recessive
Anencephaly
Klippel-Feil anomaly
Wildervanck
Thalidomide embryopathy

Mondini-Alexander dysplasia Cochlea contains a decreased number of turns and underdevelopment of 
vestibular structures. In about 20% of patients, additional malformations 
of the vestibule, semicircular canals, or endolymphatic duct and sac are 
present.

Wildervanck
Waardenburg
Pendred
CHARGE
LAMM
Branchiootorenal
Branchiooculofacial
Del 22q11
Trisomy 13, 18
Congenital cytomegalovirus infection

Bing-Siebenmann dysplasia Malformation restricted to the membranous labyrinth. Normal bony 
labyrinth. Associated with profound sensorineural hearing loss.

Jervell and Lange-Nielsen
Usher
Oculoauriculovertebral spectrum

Scheibe dysplasia Malformation of the membranous cochlea and saccule. No vestibular 
involvement and normal bony labyrinth. Associated with severe to 
profound sensorineural hearing loss.

Usher
Jervell and Lange-Nielsen
Refsum
Waardenburg
Trisomy 18
Congenital rubella infection
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hearing loss. Standardization of surgical and radiologic report-
ing as well as more consistent speech perception testing should 
better determine the association between anomalous cochleo-
vestibular anatomy and clinical outcomes.
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TABLE 15.1.2  Classification of radiologically apparent Vestibulocochlear malformations Based on Jackler et al.7

DesCrIPTIOn

eQUIValenT 

In OmerOD 

ClassIfICaTIOn assOCIaTeD DIsOrDers

CaTeGOrY a
Cochlear aplasia or malformation

Complete labyrinthine aplasia Complete lack of inner ear development. Michel aplasia *See above in Table 15.1.1.

Cochlear aplasia Complete lack of cochlear development; vestibule 
and semicircular canals present; Contributes to 
3% of cochlear malformations. Patients present 
with profound sensorineural hearing loss.

No equivalent *See above in Table 15.1.1.

Common cavity Cochlea and vestibule form a common cavity 
without internal architecture. Patients commonly 
present with severe to profound hearing loss.

Some classify 
as severe 
Mondini-Alexander

*See above in Table 15.1.1.

Cochlear hypoplasia Small cochlear bud. Variable degree of hearing 
loss depending on severity.

Some classify 
as severe 
Mondini-Alexander

*See above in Table 15.1.1.

Incomplete cochlea Small cochlea with incomplete or interscalar 
septum.

Mondini-Alexander *See above in Table 15.1.1.

CaTeGOrY B
normal Cochlea

Semicircular canal 
abnormalities

Often associated with cochlear abnormalities, 
but can be isolated. Most commonly, involve 
lateral semicircular canal and vestibular dysplasia. 
Individuals may have sensorineural, conductive, or 
mixed hearing loss.

Branchiootorenal
Oculoauriculovertebral spectrum
Waardenburg
CHARGE
Alagille
Trisomy 21

Large vestibular aqueduct Enlarged or dilated vestibular aqueduct, typically 
defined as a midpoint diameter of >2mm. 
Associated with variable presentation of hearing 
loss, including sensorineural, mixed, progressive, 
or fluctuating.

Pendred
Branchiootorenal
Branchiooculofacial
X-linked mixed deafness with gusher

Internal auditory meatus (IAM) 
abnormalities

Includes absent, narrowed, widened, bulbous, 
and tapered configurations.

X-linked deafness with perilymphatic 
gusher (bulbous IAM)
Thalidomide embryopathy (absent IAM)

(Modified from Krombach et al. 200814 and Scott and Carey 200615)
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15.2 PrelInGUal HearInG lOss

(Prelingual Deafness, Congenital Hearing Loss, Congenital Deafness)

Definition: Decrease in auditory acuity with the onset in infancy or early childhood that produces potential for difficulty in 
speech and language development.

ICD9/ICD10: 389.9, 389.10/H90.5, H91.3, H91.9 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
Branchiootofacial (TFAP2A)
Branchiootorenal (EYA1, SIX5, SIX1)
CHARGE (CHD7, SEMA3E)
Jervell and Lange-Nielsen (KCNQ1, KCNE1)
Klippel-Feil (GDF6, MEOX1, GDF3)
Labyrinthine aplasia-microtia-microdontia (FGF3)
Oculoauriculovertebral
Pendred (SLC26A4, FOXI1, KLNJ10)
Refsum (PHYH)
Stickler (COL2A1, COL11A1, COL11A2, COL9A1, 
COL9A2)
Treacher Collins (TCOF1, POLR1D, POLR1C)
Townes-Brocks (SALL1)
Usher (I-MYO7A, USH1C, CDH23, PCDH15, SANS, 
CIB2; II-USH2A, VLGR1, WHRN; III-CLRN1, PDZD7)
Waardenburg (I-PAX3; II-MITF, SNAI2; III-PAX3; 
IV-SOX10, EDNRB, EDN3)
Wildervanck
X-linked mixed deafness with gusher (POU3F4)
Trisomies 13, 18, 21
Microdeletions (1p, 4p, 18q, 22q)
Intrauterine infection (CMV, rubella, toxoplasmosis, 
herpes simplex)
Prenatal thalidomide, isotretinoin exposure

Birth prevalence: 1/300 – 1/1000

Associated anomalies: ocular, orofacial, cardiac, 
genitourinary, endocrine, pigmentary

Laboratory studies: otoacoustic emission, auditory 
brainstem response, TORCH titers, PCR or viral cultures, 
CT of the temporal bones, EKG, renal ultrasound, gene 
sequencing

Prenatal diagnosis: possible if a familial gene mutation 
identified

Cause: chromosomal, Mendelian (AD, AR, XL), 
mitochondrial, environmental

Hearing loss is can be classified according to type, severity, 
configuration, and onset. Types of hearing loss include sen-
sorineural, conductive, and mixed. Sensorineural hearing 
losses result from disorders of the cochlea or the auditory 
branch of cranial nerve VIII. Conductive hearing losses are 
due to interference with the transmission of sound vibrations 
to the sensory apparatus. When both sensorineural and con-
ductive hearing loss occur in the same ear, the hearing loss is 
considered mixed.

The severity of hearing loss is divided into four levels 
based on degree of impairment in decibels: (1) mild, 26 dB to 
40 dB, (2) moderate, 41 dB to 70 dB, (3) severe, 71 dB to 90 
dB, and (4) profound, greater than 90 dB. The extent to which 
low, middle, and high frequencies are affected determines the 
configuration of the hearing loss. Onset can occur prior to 
(prelingual) or after the development of speech (postlingual). 
Hearing loss may further be characterized as progressive, sta-
ble, or fluctuating.1,2

Genetic forms of hearing loss are often described as isolated 
(or nonsyndromal) or as a component of a genetic syndrome. 
Over 400 syndromes with hearing loss have been reported, 
including those with malformations involving multiple organ 
systems. The genes for many syndromes with hearing loss have 
been identified, and in some cases genetic testing is available.2,3

Numerous autosomal dominant, autosomal recessive, 
X-linked, and mitochondrial genes associated with nonsyn-
dromal hearing loss have been thoroughly catalogued by Van 
Camp and Smith.3 Identification of these genes has opened the 
door for the development of single gene and multigene test pan-
els. The cost effectiveness of most of these tests in open popu-
lations, however, is limited by the relatively small percentage 
of nonsyndromal hearing loss cases attributable to a particular 
gene. Connexin 26 (GJB2) and connexin 30 (GJB6) gene test-
ing may be offered for infants with apparently isolated hearing 
loss, because mutations in these genes are the leading causes 
of nonsyndromal hearing loss accounting for 30 to 50 percent 
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of these cases.1,4 As more multigene panels for hearing loss are 
developed, testing will become more affordable and result in 
an evolving test strategy from analyzing genes one-by-one to 
providing more comprehensive genetic testing for deafness.

Hearing loss may be caused by a number of environmen-
tal and disease-related factors, including viral and bacterial 
infections, prematurity, hypoxic insults, hyperbilrubinemia, 
exposure to ototoxic medications, and trauma. In developed 
nations at least half of severe childhood hearing loss can be 
attributed to genetic causes. Seventy percent of hereditary 
deafness is nonsyndromal, while syndromal forms account for 
the remaining 30 percent.2,5

Treatment: Medical interventions range from surgical inter-
ventions in conductive hearing loss to auditory amplification with 
hearing aids or cochlear implantation for individuals with senso-
rineural hearing loss.6,7 After hearing loss has been diagnosed, 
families should be encouraged to explore all available communi-
cation options and to choose a method that is consistent with the 
child’s corrected hearing level and their own willingness to learn 
communication skills. Limiting medical intervention and adopt-
ing a nonverbal form of communication is also a viable option. 
National, regional, and local organizations have been formed to 
provide information and support to families.8

Prognosis: Identification of a specific etiology for hearing 
loss may allow clinicians to provide more accurate information 

regarding prognosis and recurrence risk. Protocols for the 
evaluation of a child with hearing loss have been developed by 
expert groups.9,10
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16 | NOSE

MARGARET P. ADAM*

INTRoDUCTIoN

The development of the nose is intimately associated with the for-
mation of other facial and forebrain structures. Disruption of neu-
ral crest cell proliferation and migration in early embryogenesis 
may lead to interruption of normal nasal development, leading to 
congenital anomalies of the nose and its surrounding structures.

The nose is an extremely variable facial structure. Normal 
nasal anatomy and landmarks are denoted in Figure 16.I.1. 
Although the nose continues to grow throughout life, the 
time of most rapid growth of the nose is within the first two 
years of life. While nasal measurements are possible to obtain, 
they are often difficult to accurately quantify without the use 
of sliding calipers. The most common measurements taken 
in clinical practice are nasal length and width.1 Standardized 
growth charts for various nasal measurements are published 
for infants and children but not for adults.2

A N AT O M I C A L  E M B RY O L O G Y

At the end of the fourth week of embryogenesis, a number of 
prominences are present on the front of the face. The fronto-
nasal prominence lies in the midline and forms all of the parts 
of the nose. This prominence forms the bridge of the nose 
directly and also gives rise to two new prominences on each of 
its lateral surfaces in the fifth week. These new prominences are 
called the medial and lateral nasal prominences that surround 
thickened regions of ectoderm called the nasal placodes. At 
first, these right and left placodes with their processes are posi-
tioned laterally with some distance between them. However, 
as tissues of the face grow medially, their position changes and 
becomes more midline. Growth toward the midline continues, 
and by the seventh week the two medial nasal processes merge 
together in the midline to form the intermaxillary segment 
(important for upper lip and jaw development) and the tip and 
crest of the nose. Repositioning of the lateral nasal processes 
toward the midline also occurs, but these tissues never contact 
each other. Instead, they grow to form the alae of the nose. 
During all of this time, the nasal placode invaginates and pen-
etrates between the medial and lateral nasal processes to form 
the nasal pits. The nasal pits eventually form the nostrils and 
also the olfactory epithelium. The nasal septum is formed from 

a part of the frontonasal prominence that becomes continuous 
with the caudal portion of the intermaxillary segment.

During the sixth week, the nasal pits deepen and expand 
toward the oral cavity, from which they are separated by the 
oronasal membrane. By the beginning of the seventh week 
this membrane breaks down, creating a new opening from 
the nasal pits into the oral cavity called the primitive choanae. 
Initially, these choanae lie on each side of the midline, poste-
rior to the primary palate. By nine weeks, however, when the 
secondary palate forms and there is further expansion of the 
primitive nasal chambers, definitive choanae are established 
at the junctions of the nasal cavity and pharynx. Paranasal air 
sinuses are formed as outpocketings from the lateral nasal wall 
that expand into the maxilla, ethmoid, frontal, and sphenoid 
bones. These sinuses do not reach their maximum size until 
puberty and contribute to the definitive shape of the face.

M O L E C U L A R  E M B RY O L O G Y

The specification, migration, and proliferation of cranial neu-
ral crest cells that give rise to the mesenchyme of the nasal 
prominences involve numerous molecular regulators. These 
mesenchymal cells respond to signals from the adjacent neu-
roepithelium of the forebrain, as well as the overlying surface 
ectoderm. Expression of SHH in the neuroectoderm of the ven-
tral forebrain indirectly induces a parallel field of expression 
in the facial ectoderm.3 This leads to expression of Hedgehog 
pathway target genes, including GLI1, in the intervening mes-
enchyme cells. Hedgehog signaling appears to drive growth of 
the medial nasal processes that give rise to parts of the phil-
trum of the upper lip and median nose. A distinct domain of 
FGF8 is expressed within the more dorsal ectoderm covering 
the frontonasal prominence and surrounding the nasal pits.4
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16.1 aBseNT Nose

(Arhinia)

Definition: Complete absence of all nasal structures, including the external nasal structure and nasal passages.

ICD9/ICD10: 748.1/Q30.1 Syndrome Associations (Appendix)
Arhinia-choanal atresia-microphthalmia
Treacher Collins (TCOF1, POLR1C, POLR1D)
Holoprosencephaly (SIX3, SHH, TGIF, PTCH1, FGF8, 
ZIC2, GLI2, TDGF1, FAST1, CDON, GAS1, DLL1, STIL)

Birth prevalence: rare, <50 cases

Associated anomalies: microphthalmia, iris coloboma, 
widely spaced eyes, choanal atresia, cleft palate, microtia, 
midface retrusion, meningomyelocele, hypogonadotropic 
hypogonadism, absent olfactory bulbs and tracts

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian

Congenital absence of the nose is a rare malformation typi-
cally consisting of absence of all nasal structures (Fig. 16.1.1), 
although occasionally a blind dimple is present where the 
nostrils should be. The site of the external nose is flat and 
skin-covered. The maxilla is hypoplastic, the palate is highly 
arched, and the vermilion of the upper lip is intact. The nasal 
cavity is completely absent, with bony choanal atresia.1

Absent nose is often accompanied by other anomalies, 
including microphthalmia, iris coloboma, widely spaced eyes, 
choanal atresia, cleft palate, microtia, midface retrusion, and 
rarely meningomyelocele.2,3 In cases involving midline deficits 

(which can extend to holoprosencephaly), the underlying 
molecular biology often involves (directly or indirectly) dis-
turbances of Hedgehog signaling.4 Anosmia due to absent 
olfactory bulbs and tracts and hypogonadotropic hypogo-
nadism have been reported as a feature related to Kallmann 
syndrome and related disorders.5,6 While the vast majority 
of cases have been sporadic, rare recurrences within fami-
lies have been described.7-9 Several chromosome aberrations 
have been reported in association with this condition, includ-
ing mos46,XX/47,XX,+9; 46,XX,inv(9); and 46,XX,t(3;12)
(q13.2;p11.2).

Fig. 16.I.1 Landmarks and measurements of the nose. From Hennekam et al.1 Used with permission.
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Treatment: In infants who have severe respiratory compro-
mise at birth, creation of an airway through the maxillary 
bone or via tracheostomy may be considered. Feeding diffi-
culties can be addressed with an orogastric or a percutaneous 
gastrostomy tube. Definitive treatment involves the creation of 
a nasal cavity and subsequent surgical reconstruction of the 
external nose, most commonly through staged surgical repair. 
The nasal airway is created through a maxillary osteotomy and 
ostectomy, and the external nose can be constructed using an 

autogenous rib framework.10,11 The ideal age for reconstruc-
tion is unclear, although it is commonly performed during the 
preschool years.

Prognosis: Many individuals with absent nose are able to 
adapt after birth to mouth breathing and are able to success-
fully feed without the need for a permanent feeding tube. 
When the condition occurs in isolation, most individuals have 
normal intelligence. In those who live through the neonatal 
period, long-term survival is possible.
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16.2 UNIlaTeRal aRHINIa

(Heminasal Aplasia)

Definition: Unilateral absence of nasal structures.

ICD9/ICD10: 748.1/Q30.1 Syndrome Associations (Appendix)
Heminasal aplasia/atypical clefting

Birth prevalence: rare, <100 reported cases

Associated anomalies: unilateral absence of the ipsilateral 
paranasal sinuses, presence of lateral proboscis on the 
affected side, ipsilateral facial bone malformations, 
ipsilateral absence of the olfactory tract and bulb

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: unknown

Heminasal aplasia is a rare malformation that includes uni-
lateral absence of the nasal structures, including the external 
nose and the internal nasal cavity.1,2 The affected nostril may be 

completely absent, severely hypoplastic with a blind dimple, or 
be represented by a skin tag. In some situations, a lateral pro-
boscis emanating from the medial canthus of the eye or from 

Fig. 16.1.1 Complete absence of the nose.
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the lateral aspect of the nasal root is present on the affected 
side (Entry 16.8).3-5

In nonsyndromal cases, ipsilateral associated anomalies 
may include abnormalities of the facial bones, absent or hypo-
plastic sinuses (maxillary, ethmoid, and/or vomer), absent 
olfactory tract and bulb, and rarely intranasal cyst.2-4 In syn-
dromal cases, a number of ipsilateral anomalies may be present 
including abnormalities of the eye (microphthalmia or anoph-
thalmia, coloboma of the iris, retina and/or upper eyelid, lacri-
mal duct anomalies, blepharophimosis, ptosis, strabismus, and 
infraorbital pit), alveolar cleft, cleft palate or cleft lip and pal-
ate, and brain malformation or encephalocele (Fig. 16.2.1).3-5

Heminasal aplasia is typically sporadic, affecting males 
and females equally. Though the number of reported cases in 
the literature is small, the left side of the nose appears to be 
affected twice as often as the right side.1-5

Treatment: Nasal reconstruction is typically deferred until 
preschool age, when development of the facial structures is 
nearly complete.2 Cosmetic repair of the external nose is fre-
quently pursued; reconstruction of the nasal cavity may be 

completed if functional impairment is present.1,2 A multidis-
ciplinary team approach including rhinologists, maxillofacial 
surgeons, pediatricians, and neonatologists is recommended.2

Prognosis: Since individuals with heminasal aplasia have 
a normal contralateral nasal structure, most patients do not 
have functional deficits. Intelligence is typically normal in the 
absence of a co-occurring brain malformation.
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Fig. 16.2.1 A: Unilateral absence of the nose associated with absent eye and hypoplastic ear on the same side. B: Unilateral absence of the nose, absent eye with 
low-set eyebrow, facial tag, and craniofacial asymmetry.
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16.3 small Nose

(Short Nose)

Definition: Nasal height and width that is two standard deviations or more below the mean for age.

ICD9/ICD10: none Syndrome Associations (Appendix)
Aarskog (FGD1)
Apert (FGFR2)
ATRX (ATRX)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Hallermann-Streiff
Johanson-Blizzard (UBR1)
Robinow (ROR2, WNT5A)
Williams (ELN, del 7p)

Birth prevalence: 1/30

Associated anomalies: anteverted nares, depressed nasal 
bridge, hypoplastic ala nasi

Laboratory studies: gene sequencing

Prenatal diagnosis: unlikely to be detectable through 
traditional 2-dimensional ultrasonography, possibly by 
3-dimensional ultrasonography

Cause: normal variation, Mendelian (AR, AD, XL)

The term short nose implies a nose that is smaller than 
expected for age in one or more dimension. Nasal height is a 
vertical measurement from the nasion to the subnasale; nasal 
width is the distance from the lateral aspect of one ala to the 
lateral aspect of the other ala; and nasal protrusion (depth) 
is the distance from the subnasale to the pronasale.1,2 While 
standardized measurements for these various nasal features 
are published, nasal measurements are rarely used in routine 
clinical practice. Additionally, familial and ancestral-specific 
correlations must be considered, which makes standardized 
assessment more challenging. Therefore, “small nose” is typi-
cally a subjective assessment. A nose may have normal mea-
surements but appear small compared to other surrounding 
facial structures, such as in the presence of a large facial length, 
or in the presence of other nasal anatomic changes such as 

hypoplastic ala nasi, anteverted nares, and/or a depressed nasal 
bridge.2

Small nose is typically an isolated finding, in which case by 
definition it is present in the lowest 2.5 percent of the continu-
ous spectrum of nasal sizes. A number of genetic syndromes 
may have nasal configurations that include one or more nasal 
measurements that are small for age (Fig. 16.3.1). Small nose, 
including height, width, and protrusion, can be seen in fetal 
warfarin embryopathy and maternal vitamin K deficiency 
embryopathy.3,4 Small nose with a pointed nasal tip can be seen 
in individuals with Hallermann-Streiff syndrome and some of 
the progeroid syndromes; small triangular nose can be a fea-
ture in ATRX syndrome; small nose with anteverted nares is 
observed in Aarskog, Robinow, Cornelia de Lange, Williams, 
and a variety of other syndromes; small nose with hypoplastic 

A

 

B C

Fig. 16.3.1 Small nose. A: Small nose with accentuation of the demarcation between the tip of the nose and the alae in an infant exposed prenatally to warfarin. 
B: Small triangular nose in an infant with Cornelia de Lange syndrome. C: Small triangular nose in a child with alpha thalassemia intellectual disability syndrome.



492 |  H U m a N  m a l f o R m aT I o N s  a N D  R e l aT e D  a N o m a l I e s

ala nasi occurs in Johanson-Blizzard, Apert, Schwartz-Jampel, 
and other syndromes; and small nose with a depressed nasal 
bridge is seen in most skeletal dysplasias and in some lyso-
somal storage diseases. It should be noted, however, that many 
newborns have a depressed nasal bridge and anteverted nares, 
lessening the diagnostic usefulness of these findings in infancy. 
Furthermore, the configuration of the nose is more useful than 
nasal size in syndrome delineation.

Treatment and Prognosis: Small nose does not typically 
lead to functional consequences, therefore no treatment is 
required; the prognosis in isolated cases is excellent.
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16.4 ClefT ala NasI

(Coloboma of the Nose, Coloboma Ala Nasi, Tessier Cleft Number 1)

Definition: Notch, cleft, or soft tissue defect of the lateral nasal wall inferior and lateral to the nasal bone.

ICD9/ICD10: 748.1/Q30.2 Syndrome Associations (Appendix)
Focal dermal hypoplasia (PORCN)
Frontonasal dysplasia (ALX3)
Frontonasal dysplasia-alar clefts
Whistling face, recessive type

Birth prevalence: rare, isolated cleft ala nasi is estimated 
to represent <1% of all cases of facial clefting

Associated anomalies: widely-spaced eyes, coloboma of 
the lower eyelid, broad nasal bridge, medial facial cleft 
involving the lip and palate

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: sporadic, occasionally Mendelian

A cleft of the cartilage and soft tissues of the ala of the nose is 
usually clinically obvious. This may include ipsilateral absence 
of the upper and/or lower alar cartilages with or without a cleft 
or defect of the ipsilateral nasal bone or surrounding sinuses.1 
A more subtle cleft involving only the soft tissue may occur as 
well. Occasional associated anomalies include hypertelorism 
(Fig. 16.4.1), coloboma of the lower eyelid, broad nasal root, 
medial facial cleft including cleft lip and palate, and rarely 
nasal lipoma.1-3

Most cases of this rare malformation are sporadic. 
Because of the rarity of the defect, epidemiologic data per-
taining to this malformation are lacking. However, review 
of small case series of individuals with this malformation 
have demonstrated the following: of 28 cases, 20 were uni-
lateral and eight were bilateral. Of the unilateral cases, 10 
were left-sided, six were right-sided, and the side was not 
specified for 4.  Where reported, the number of affected 
males was lower than the number of affected females  
(6 versus 11).1-4

Treatment: Treatment is most often performed for cosme-
sis. Surgical repair may include Z-plasty, mobilization of local 
tissue, or skin and cartilage grafting from a remote site.4 The Fig. 16.4.1 Nostril coloboma, frontal encephalocele, and ocular hypertelorism.
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goals of surgical repair are twofold: repair of the cleft itself and 
augmentation of the deficient alar cartilaginous framework.4

Prognosis: Cleft ala nasi, even when present bilaterally, typi-
cally does not cause functional deficits. Intelligence is typi-
cally normal, although it can be affected in some syndromal 
presentations.
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16.5 BIfID Nose

(Cleft Nose, Tessier Cleft 0)

Definition: Vertical indentation, cleft, or depression of the nasal tip, nasal ridge and nasal bridge.

ICD9/ICD10: 748.1/Q30.2 Syndrome Associations (Appendix)
Frontofacionasal dysplasia
Frontonasal dysplasia (ALX3)

Birth prevalence: rare, only case reports and small case 
series reported in the literature.

Associated anomalies: irregular hairline or “widow’s 
peak,” widely spaced eyes, duplicated nasal septum, 
midline cleft lip

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

A

 

B

Fig. 16.5.1 A: Bifid nose. Note also the hypoplastic ear and ocular hypertelorism. B: Bifid nose in association with median orofacial clefting and ocular 
hypertelorism. (From DeMyer9)
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Bifid nose has a variable presentation ranging from a groove 
noted on the nasal tip at one end of the spectrum to a frank 
maxillary cleft at the more severe end of the spectrum (Fig. 
16.5.1).1 If there is only an indentation or cleft of the nasal tip, 
without involvement of the nasal bridge and ridge, the find-
ing should be termed bifid nasal tip.2 Individuals who have 
bifid nose typically present at birth with widely separated nasal 
processes of the maxilla and nasal bones with bifid alar carti-
lages. In this presentation, the nostrils are widely separated, 
frequently have an abnormal shape, and the nasal bridge is 
absent or deficient. The tip of the nose is typically flat with a 
central groove.3

Anomalies associated with bifid nose may include cranium 
bifidum (a defect in the midline frontal bone), irregular hair-
line or “widow’s peak,” widely spaced eyes, widening of the 
lesser wing of the sphenoid, accessory air sinuses, duplicated 
nasal septum, choanal atresia, midline cleft lip, encephalocele, 
and brain malformations such as holoprosencephaly and agen-
esis of the corpus callosum.3-6

Most nonsyndromal cases of bifid nose are sporadic. There 
are rare reports of recurrences within families, with both 
autosomal dominant and autosomal recessive inheritance 
proposed.7,8

Treatment: Due to the rarity of the condition, neither the 
type nor the most appropriate timing for surgical reconstruc-
tion has been established.1,4 The goal of surgery is to remove 
any redundant nasal structures and to narrow the space 

between the nostrils.3 The methods used are primarily deter-
mined by the associated anomalies, and most often a staged 
reconstruction is necessary.6

Prognosis: Duplicated septum may cause symptoms of uni-
lateral nasal obstruction, but most individuals with isolated 
bifid nose have no functional deficits.3 In the absence of an 
accompanying brain malformation, individuals with nonsyn-
dromal bifid nose typically have normal intelligence.6
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16.6 CHoaNal aTResIa

(Atresia Choana)

Definition: Congenital obstruction of the posterior nasal aperture (choana), blocking the connection between the nasal air-
way and the nasopharynx.

ICD9/ICD10: 748.0/Q30.0 Syndrome Associations (Appendix)
Antley-Bixler (POR, FGFR2)
CHARGE (CHD7)
Crouzon (FGFR2)
Lenz-Majewski hyperostotic dwarfism (PTDSS1)
Marshall-Smith (NFIX)
Pfeiffer (FGFR1, FGFR2)
Schinzel-Giedion (SETBP1)
Treacher Collins (TCOF1, POLR1D, POLR1C)

Birth prevalence: 1/5,000 – 1/8,000

Associated anomalies:

Laboratory studies: CT, gene sequencing

Prenatal diagnosis: in isolated cases, prenatal diagnosis is 
not available

Cause: sporadic, Mendelian

Choanal atresia can be unilateral or bilateral and may be clas-
sified as complete or incomplete, depending on the degree of 
nasal obstruction. Because infants are obligate nose-breathers, 
those with bilateral choanal atresia frequently present at birth 
or within the first few weeks of life with clinical findings 
related to respiratory distress, including oxygen desaturations 
with or without appreciable cyanosis during feeding and/or 
respiratory distress and cyanosis that resolves with crying.2,3 
The diagnosis is suspected if there is inability to pass a nasal 

catheter through the naris (the measurement from the nares to 
the posterior nasopharyngeal wall is at least 2.5 cm) and typi-
cally is confirmed by computed tomography (CT).2,3 Unilateral 
choanal atresia may present later in life with unilateral mucoid 
discharge. The nasal obstruction in choanal atresia may be 
composed of membranous tissue, bony tissue or a combina-
tion of both, although advances in imaging technology have 
suggested there is some degree of bony obstruction in the 
majority of cases.2-4
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The incidence in the United Kingdom has been estimated 
to be between one in 5,000 to one in 8,000 live births.1 Females 
are more commonly affected than males, with a ratio of 2:1. 
Unilateral choanal atresia is present in about 60  percent of 
cases.2,5 Approximately 50 percent of affected individuals have 
an underlying genetic syndrome, of which 30  percent have 
CHARGE syndrome.1

Treatment: In infants with bilateral choanal atresia, treat-
ment consists of creation of an artificial airway after birth with 
subsequent surgical correction; tracheostomy is only rarely 
necessary. However, older children and adults with unrepaired 
bilateral choanal atresia have also been reported, indicating 
that the condition does not represent a surgical emergency 
in infancy in all cases.1,2,6 In individuals with unilateral cho-
anal atresia, surgical correction can be performed at any time 
during childhood. As restenosis can occur, most individuals 
require between four to six procedures to achieve complete 
repair without stenosis.7

Prognosis: Prognosis is based on the presence of an underly-
ing genetic syndrome and its associated anomalies. In isolated 
cases, the prognosis after surgical correction is excellent.
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16.7 sUPeRNUmeRaRY NaRIs

(Polyrrhinia, Duplicated Nose, Accessory Nose)

Definition: Partial or complete duplication of the nose leading to more than two nares.

ICD9/ICD10: 748.1/Q30.8 Syndrome Associations (Appendix)
None

Birth prevalence: rare, <50 reported cases in the 
literature.

Associated anomalies: widely spaced eyes, choanal 
atresia, naso-ocular cleft, cleft lip with or without palate, 
ipsilateral microtia

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: unknown

Nasal duplication encompasses a spectrum that ranges from 
an accessory nostril to complete double nose. About half of 
reported supernumerary nostrils are blind-ended with no con-
nection to the ipsilateral normal nasal cavity, while the other 
half are in communication with the normal nasal cavity.1-5 In 
complete nasal duplication, the accessory nose may be lateral 
to or superior to the normal nose.1 In those with a supernu-
merary naris, the accessory nostril is most often located supe-
rior to the normal nostril (10 cases), although it can be located 
at the same level (4 cases) or below (1 case) the normal nostril. 
In five reported cases the supernumerary nostril was located 
lateral to the normal nostril, and in four cases the accessory 
nostril was located medial to the normal nostril.2 In those with 
unilateral accessory nostril, the ipsilateral normal nostril may 
be smaller in diameter than the nostril on the unaffected side.5

Most cases of supernumerary naris are sporadic. Reported 
associated anomalies have included widely spaced eyes, 

choanal atresia, naso-ocular cleft, cleft lip with or without cleft 
palate, and ipsilateral microtia.1-4 Rarely, full nasal duplication 
has been reported with partial duplication of the face, a condi-
tion termed diprosopia (Fig. 16.7.1).6

Most affected individuals have a unilateral supernumer-
ary naris.5 In 12 cases of unilateral supernumerary naris, eight 
were on the right side and four were on the left side. In three 
instances the finding was bilateral.2

Treatment: Surgical removal, such as fistulectomy or fistulo-
rhinostomy, is often performed.5,7,8 The ideal time for surgical 
correction is unknown, but it has been suggested that surgical 
removal be performed at an early age to avoid long-term defor-
mity to adjacent structures.5,7

Proposal: Supernumerary nares typically do not cause func-
tional deficits unless the finding is part of a larger duplication 
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of the face, such as diprosopia. Most cases of diprosopia are 
incompatible with life.6 Individuals with supernumerary nares 
typically have normal intelligence.
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Fig. 16.7.1 Diprosopia with double nose. (From Gruber.6)
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16.8 PRoBosCIs

Definition: A blind-ended, tube-like structure, commonly located in the midface or just lateral to the midline.

ICD9/ICD10: 748.1/Q30.8 Syndrome Associations (Appendix)
Agnathia-otocephaly complex
Holoprosencephaly (SIX3, SHH, TGIF, PTCH1, FGF8, 
ZIC2, GLI2, TDGF1, FAST1, CDON, GAS1, DLL1, STIL)
Maternal diabetes
Prenatal alcohol exposure

Birth prevalence:
Holoprosencephalic proboscis: 1/100,000
Proboscis lateralis: 1/100,000 – 1/1,000,000
Disruptive proboscis: rare; case reports only

Associated anomalies:
Holoprosencephalic proboscis: alobar (or severe 
semilobar) holoprosencephaly, absent or hypoplastic 
nose, eyes that are partially fused, completely fused or 
closely spaced
Proboscis lateralis: ipsilateral orbital or periorbital 
malformation, absent ipsilateral olfactory tract and bulb, 
choanal atresia, absent ipsilateral naris, facial clefting
Disruptive proboscis: Damage to surrounding tissues 
from neoplastic or hamartomatous growth

Laboratory studies:
Holoprosencephalic proboscis: chromosome 
analysis, genomic microarray, and gene sequencing 
for nonsyndromal and syndromal forms of 
holoprosencephaly
Proboscis lateralis: none
Disruptive proboscis: none

Prenatal diagnosis: ultrasonography, chromosome 
analysis, gene sequencing

Cause:
Holoprosencephalic proboscis: chromosomal, 
submicroscopic deletions, Mendelian, environmental
Proboscis lateralis: none
Disruptive proboscis: cause is dependent upon the origin 
of the disrupting tissue

A proboscis is a tube-like structure with a single blind-ended 
pouch that is most typically found in the midface or just lat-
eral to the midface. The four types of proboscis are holopros-
encephalic proboscis, supernumerary or accessory proboscis 
(Entry 16.7), proboscis lateralis (lateral nasal proboscis), and 
disruptive proboscis.1-4

In individuals with holoprosencephaly (HPE), a probos-
cis is found in the most severe cases (alobar and rarely severe 
semilobar HPE) presenting as cyclopia or synophthalmia (cen-
tral proboscis located above a midline orbit with partially or 
completely fused eyes and absent inferior nasal structure (Fig. 
16.8.1) and ethmocephaly (absent or hypoplastic normal nasal 
structure with a central proboscis located between closely 
spaced eyes with bilateral microphthalmia (Fig. 16.8.2).1 In 
these cases, the proboscis is located superior to the normal 

nasal structure because of failed or incomplete division of the 
eye fields.2 Midline cleft lip is variably present in ethmoceph-
aly, as well as various forms of HPE. Very rarely more than one 
proboscis has been described in association with HPE.3 Due to 
the severity of the brain malformation, cyclopia and ethmo-
cephaly are not compatible with extrauterine life.

Supernumerary or accessory proboscis may be consid-
ered as part of the polyrhinia spectrum (see Entry 16.7) or as 
a milder form of proboscis lateralis. It is defined as the pres-
ence of two well-developed nostrils in addition to a unilateral 
proboscis.3

In the case of proboscis lateralis, the ipsilateral naris is 
often absent (Fig. 16.8.3, Entry 16.2).4 The proboscis can be 
located anywhere from the upper eyelid to the chin, although 
it is most typically found to emanate from the medial canthus 
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of the ipsilateral eye. When near the eye, it may be associated 
with ipsilateral orbital or periorbital malformations.5 Proboscis 
lateralis can also be associated with a variety of different facial 
clefts, including cleft lip with or without cleft palate and median 
cleft lip (Fig. 16.8.4). Other associated anomalies may include 
choanal atresia and absent ipsilateral olfactory tract and bulb.6 
Although proboscis lateralis is most often unilateral, bilateral 
cases have been rarely reported.4

Disruptive proboscis occurs when an early embryonic 
hamartoneoplastic lesion arises that disrupts the normal 
embryologic formation of the nose. In one case, a disruptive 

Fig. 16.8.1 Cyclopia (E, arrowheads) with proboscis (P). (Courtesy of Dr. Will Blackburn and Nelson Reede Cooley, Jr.)

Fig. 16.8.2 Ethmocephaly.

Fig. 16.8.3 Two children with unilateral proboscis and normal nostril on the 
other side. (Top, courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, 
Wilmington, DE; Bottom, courtesy of Dr. T. Coetzee, Pietermaritzburg, South 
Africa.)
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proboscis was felt to be caused by a hypothalamic hamarto-
blastoma (Fig. 16.8.5).7 In another case, proboscis lateralis with 
heminasal aplasia was associated with the later identification 
of a cystic teratoma in the area of the ipsilateral ethmoid sinus, 
protruding laterally into the orbital space and medially toward 
the nasal septum. It is unclear whether this teratoma was the 
result of an incompletely excised proboscis lateralis or whether 
the teratoma was the primary cause of the nasal deformity in 
the first place.8

There is an increased incidence of females who have alo-
bar HPE (male-to-female ratio of 1:3), and a slightly increased 
rate of females with cyclopia compared to males.1 This may 
be due in part to the increased incidence of trisomy 13 (one 
cause for HPE) in females or to a lower survival rate for male 
embryos that have severe malformations.1,9 For those with pro-
boscis lateralis, the male-to-female ratio is between 2:1 to 3:1, 
although the cause for this difference is unknown.4,6

Treatment: Due to the lethal nature of the condition, treat-
ment for those with HPE and proboscis is not appropriate.9 
In those with accessory proboscis or proboscis lateralis who 
have well-formed bilateral nares, simple excision of the pro-
boscis may be performed, typically in infancy. However, for 
proboscis lateralis with heminasal aplasia, initial surgical treat-
ment should be considered in early childhood with attempts 
to include the proboscis tissue into the ipsilateral nasal recon-
struction if possible. A  further surgical procedure in adult-
hood after nasal growth is complete may be required.6

Prognosis: Prognosis for individuals with HPE, particularly 
if a proboscis is present, is poor.10 Individuals with accessory 
proboscis typically have an excellent prognosis. Those who 

have proboscis lateralis with heminasal aplasia and preserved 
contralateral nasal structures typically do not have functional 
deficits; intelligence is typically normal. Prognosis for those 
with disruptive proboscis depends on the cause and location 
of the disruptive growth.
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Fig. 16.8.4 Lateral nasal proboscis in association with cleft lip/palate. (From 
McLaren.11) Fig. 16.8.5 Bilateral nasal proboscides. Diffuse pigmentation of the conjunctiva 

of the right eye is present. The left eye is anophthalmic.Proboscides resulted 
from disruption by a large, early embryonic, hamartoneoplastic lesion 
developing between the two cerebral hemispheres. (From Gitlin  
and Behar.7)
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16.9 mINoR aNomalIes of THe Nose

(Bulbous Nasal Tip, Potato Nose, Pear-Shaped Nose)

Definition: Globular shape and increased volume of the anteroinferior aspect of the nose.

ICD9/ICD10: 748.1/Q30.8 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: tear duct anomalies, hypoplasia or 
aplasia of the nasal bones

Laboratory studies: none

Prenatal diagnosis: none

Cause: unknown

A number of minor anomalies can affect the nose.1 The nose 
may be prominent (large) or small, short or long, thick or thin, 
symmetric or asymmetric. The facial profile may reveal a con-
vex or a concave nasal ridge. The nasal tip may be bulbous, 
broad, depressed, narrow, or overhanging the nasal base. The 
nostrils may be anteverted. The ala nasi may be thick or under-
developed. The columella may be low hanging. These features, 
whether alone or in combination, can be familial traits or can 
help to define a genetic syndrome (Fig. 16.9.1, Table 16.9.1).

Bulbous nose is used to describe an alteration in the size 
and shape of the lower third of the nose or to describe the nasal 
tip. Typically there is broadening of the septum, the nasal tip, 
and the nasal bridge. This gives the outer wall of the nose a 
balloon shape. Hypoplasia or aplasia of the nasal bones may 
be present. It may also be associated with abnormalities of the 

tear ducts. This anomaly can be seen as an isolated autosomal 
dominant trait.2-4 As there are no functional deficits, no treat-
ment is required and the prognosis is excellent.
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Fig. 16.9.1 A–R Minor nose anomalies and distinctive noses. A: Craniometaphyseal dysplasia with bony widening of the root of the nose. B: De Lange syndrome. 
(Courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, DE.) C: Craniorhiny. (From Mindikoglu et al.5) D: Prenatal warfarin exposure. E: Frontonasal 
dysplasia. (From Sedano et al.6) F: Johanson-Blizzard syndrome with hypoplasia of the alae nasi. (Courtesy of Dr. D.W. Day, Dallas, TX.) G: Craniofacial profile in 
Potter sequence showing flattened nasal tip and prominent alae nasi. (Courtesy of Dr. Will Blackburn and Nelson Reede Cooley, Jr.) H: Rhiny. (From Mindikoglu 
et al.5) I: Trichorhinophalangeal syndrome. J: Williams syndrome. (Courtesy of Dr. John M. Opitz, Salt Lake City, UT.) K & L: Binder syndrome with hypoplastic 
flattened nose and absence of nasofrontal angle. (Courtesy of Dr. Robert J. Gorlin, University of Minnesota School of Dentistry, Minneapolis.) M & N: Fetal face 
syndrome (Robinow syndrome). O & P: Hallermann-Streiff syndrome. Q & R: Rubinstein-Taybi syndrome.



TABLE 16.9.1  Nasal Configuration in selected syndromes

sYNDRome Nasal CoNfIGURaTIoN GeNeTIC CaUse/INHeRITaNCe

Binder •   Absent nasofrontal angle
•   Hypoplastic nose with flattening of the alae and nasal tip 

(Fig. 16.9.1K, 16.9.1L)

Unknown; sporadic

Chondrodysplasia punctata • Hypoplastic nose EBP; X-linked dominant
CDPX1; X-linked recessive
PEX7, DHAPAT, AGPS; autosomal recessive

Cornelia de Lange •   Small nose with depressed nasal bridge
•   Anteverted nares (Fig. 16.9.1B)

NIPBL; autosomal dominant
RAD21; autosomal dominant
SMC3; autosomal dominant
HDAC8; X-linked
SMC1; X-linked

Craniometaphyseal dysplasia •   Progressive broadening of the nasal root (Fig. 16.9.1A)
•   Growth of bone extending over the nasal bridge to the 

zygomas from 1 year of age to adolescence
•   Increasing bony sclerosis of nasal lumen, leading to nasal 

obstruction

ANKH; autosomal dominant
GJA1; autosomal recessive

Craniorhiny Craniosynostosis with
•   Wide nose
•   Anteverted nares
•   Nasal hypertrichosis
•   Bilaterally symmetric spherical cystlike formations with small 

fistulas located just below the nose (Fig. 16.9.1C)

Unknown; suspected autosomal dominant

Fetal warfarin embryopathy •   Severe underdevelopment of the nose (Fig. 16.9.1D) Prenatal exposure to warfarin; teratogenic

Frontonasal dysplasia •   Midline clefting of the nose
•   Notched or colobomatous ala nasi (Fig. 16.9.1E)

Heterogeneous; sporadic
ALX3; autosomal recessive

Hallermann-Streiff •   Narrow nose
•   Convex nasal ridge (Fig. 16.9.1O, 16.9.1P)

Unknown; sporadic

Johanson-Blizzard • Severely hypoplastic or aplastic nasal alae (Fig. 16.9.1F) UBR1; autosomal recessive

Potter sequence •   Blunted nose
•   Downturned nasal tip (Fig. 16.9.1G)
•   Prominent ala nasi

Heterogeneous; due to in utero compression  
of the facial structures

Rhiny •   Extremely short nose
•   Small and anteverted nares (Fig. 16.9.1H)

Unknown; autosomal dominant

Robinow (Fetal face) •   Short and small nose with wide nasal bridge
•   Anteverted nares (Fig. 16.9.1M, 16.9.1N)

WNT5A; autosomal dominant
ROR2; autosomal recessive

Rubinstein-Taybi •   Broad nasal bridge
•   Convex nasal ridge
•   Low hanging columella (Fig. 16.9.1Q, 16.9.1R)

CREBBP; autosomal dominant
EP300; autosomal dominant

Trichorhinophalangeal •   Bulbous nose
•   Lack of flare of the ala nasi (Fig. 16.9.1I)

TRPS1; autosomal dominant

Williams •   Depressed nasal bridge
•   Anteverted nares (Fig. 16.9.1J)

1.5-1.8 Megabase (Mb) deletion of 7q11.23; 
sporadic
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16.10 Nasal TooTH

Definition: Presence of an intranasal, typically supernumerary, tooth.

ICD9/ICD10: 524.39/M26.30 Syndrome Associations (Appendix)
None

Birth prevalence: unknown, <50 cases reported

Associated anomalies: cleft palate

Laboratory studies: CT imaging of the nasal area

Prenatal diagnosis: not available

Cause: unknown

Supernumerary nasal teeth (Fig. 16.10.1) are frequently 
asymptomatic and thus may be underascertained in the gen-
eral population. Affected individuals who are symptomatic 

may experience  epistaxis, external nasal deformity, facial 
pain, foul-smelling rhinorrhea, headache, nasolacrimal 
duct obstruction, nasal-oral fistula, and nasal obstruction.1 
Associated anomalies include cleft palate.2

Treatment: Treatment of supernumerary nasal teeth includes 
extraction, preferably through an endoscopic approach.3 The 
optimal timing of removal is after the roots of the surrounding 
permanent teeth have formed completely so that removal does 
not damage the permanent dentition.2

Prognosis: Prognosis after extraction is excellent.
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16.11 DeVIaTIoN of THe Nasal sePTUm

(Deviated Nasal Septum)

Definition: A shift of the osseous-cartilaginous septum (the structure that divides the nasal cavity into two nostrils) away 
from the midline.

ICD9/ICD10: 470/J34.2 Syndrome Associations (Appendix)
Rubinstein-Taybi (CREBBP, EP300)
Dermoid cysts, familial frontonasal

Birth prevalence: 1/10 to 1/25

Associated anomalies: external nasal deformity, mitral 
valve prolapse, contralateral turbinate deformity

Laboratory studies: none

Prenatal diagnosis: none

Cause: trauma, nasal compression (congenital anterior 
deviated nasal septum). A genetic predisposition has 
been hypothesized for congenital posterior deviated nasal 
septum.

Fig. 16.10.1 Erupted tooth in nostril.
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Most cases of deviated nasal septum (DNS) are acquired, typi-
cally from a traumatic injury. Rarely DNS is seen congenitally, 
most often due to nasal compression either in utero or dur-
ing the birthing process. Anterior DNS is more commonly 
related to extrinsic deformative forces on the nose, while pos-
terior DNS is more likely to be associated with genetic fac-
tors or abnormal maxillary complex development.1 Deviated 
nasal septum may be diagnosed through physical examina-
tion, nasal endoscopic evaluation, imaging techniques (such 
as CT), or acoustic rhinometry.2,3 When severe, DNS can cause 
nasal obstruction. Other symptoms may include nasal dis-
charge, headache, and sinus infection. Some individuals have 
associated external nasal deformities. Recently an association 
between DNS and mitral valve prolapsed was reported.4,5 Over 
time, individuals with DNS may also develop unilateral infe-
rior turbinate bone hypertrophy (see Entry 16.12).

In one study, nasal septum deformities were found in 
approximately 4 percent of infants who were delivered via a nor-
mal spontaneous vaginal route but in 13 percent of infants who 
underwent a difficult delivery; conversely, infants delivered via 
cesarean section rarely had DNS.6 In another study, DNS was 
slightly more common on the left side (43 of 67 patients) than 
the right, although this may be due to small sample size.7

When the nasal septum is deviated, it can impair nasal 
breathing.

Treatment: In infants with DNS due to nasal compression, 
spontaneous resolution may occur, or correction through 

gentle manipulation may be the only intervention required.8 
In more severe cases, surgical correction through septoplasty, 
with the goal of straightening the nasal septum and improving 
airflow, is necessary.9

Prognosis: Prognosis is generally excellent.
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16.12 TURBINaTe HYPeRTRoPHY

Definition: Overdevelopment of the inferior or middle turbinates.

ICD9/ICD10: 478.0/J34.3 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: deviated nasal septum

Laboratory studies: none

Prenatal diagnosis: none

Cause: compensatory, frequently due to longstanding 
deviation of the nasal septum

Inferior nasal turbinate hypertrophy can lead to nasal airway 
obstruction. It is primarily diagnosed through physical exami-
nation, nasal endoscopy, or imaging such as computed tomog-
raphy. Unilateral inferior turbinate hypertrophy is typically not 
congenital but develops on the contralateral side in patients 
with a deviated nasal septum (Entry 16.11).1 Moreover, in indi-
viduals with congenital deviation of the nasal septum, contra-
lateral compensatory inferior turbinate hypertrophy is more 
commonly caused by conchal bone hypertrophy rather than 
by mucosal hypertrophy, although both mechanisms may con-
tribute to nasal obstruction.2,3

Treatment: Surgical correction of a congenital deviated 
nasal septum without contralateral turbinectomy in the 
setting of inferior turbinate hypertrophy can result in con-
tralateral nasal obstruction after surgical correction of the 
septal deformity. A variety of surgical techniques to correct 
turbinate deformity have been employed, including total 
or partial turbinectomy, turbinoplasty, submucous resec-
tion, laser-assisted turbinectomy, cryosurgery, submuco-
sal diathermy, radiofrequency reduction, and injection of 
corticosteroids or sclerogenic substances.2,4,5 Therefore, in 
individuals who have congenital nasal septal deviation and 
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compensatory unilateral inferior turbinate hypertrophy, exci-
sion of the inferior turbinate bone should be considered at the 
time of septoplasty.2
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16.13 aRHINeNCePHalY

Definition: Congenital absence of the olfactory tracts, bulbs, sulci, and/or nerves.

ICD9/ICD10: 742.2/Q04.1 Syndrome Associations (Appendix)
Anosmia, isolated congenital
Anosmia
Campomelic dysplasia (SOX9)
CHARGE (CHD7)
Holoprosencephaly (SIX3, SHH, TGIF, PTCH1,  
FGF8, ZIC2, GLI2, TDGF1, FAST1, CDON, GAS1, 
DLL1, STIL)
Kallmann (KAL1, FGFR1, CHD7, FGF8, PROKR2, 
PROK2)

Birth prevalence: 1 /2,500

Associated anomalies: brain malformations, including 
holoprosencephaly

Laboratory studies: for isolated cases, none available

Prenatal diagnosis: none

Cause: in isolated cases, unknown

Arhinencephaly is characterized by agenesis of the olfac-
tory tracts, bulbs, sulci, and/or nerves resulting in anos-
mia; taste may also be affected.1 It can be isolated (without 
more extensive malformation of the brain) or occur as a 
component of holoprosencephaly-related disorders or 
other genetic syndromes. Arhinencephaly can be diag-
nosed clinically in those who fail a formal smell test (olfac-
tometry) or by imaging, typically magnetic resonance 
imaging (MRI).2

In isolated cases of hyposmia/anosmia, anatomic abnor-
malities on brain MRI may include the following: absent or 
decreased size of at least one olfactory bulb; decreased depth 
of an olfactory sulcus; anatomical abnormalities of the hip-
pocampus (including hippocampal malrotations); increased 
gray matter volumes in the left entorhinal and piriform cor-
tices; and thicker orbitofrontal cortices bilaterally. 2,3 The 
increases in the entorhinal, piriform, and orbitofrontal cor-
tices may be compensatory, resulting from decreased prun-
ing of neurons in these areas due to decreased or absent 
sensory input.

Treatment: There is no specific treatment available for 
arhinencephaly.

Prognosis: Those who have isolated arhinencephaly have 
an excellent prognosis. In those with accompanying brain 
malformations or genetic syndromes, the prognosis is based 
on the associated malformations. For individuals with frank 
holoprosencephaly, severe neurocognitive dysfunction will be 
present; in more severe cases, holoprosencephaly is typically 
not compatible with extrauterine life.4
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16.14 eNCePHaloCele INVolVING THe Nose

(Nasal Encephalocele)

Definition: Herniation of neural elements through an anterior defect in the skull base.

ICD9/ICD10: 742.0/Q01.9 Syndrome Associations (Appendix)
Brachial amelia-cleft lip-holoprosencephaly
Craniofacial anomalies-anterior segment dysgenesis
Laryngeal atresia-encephalocele-limb deformities

Birth prevalence: 1/35,000 in the general population, 
1/5,000 – 1/6000 in those of Southeast Asian descent

Associated anomalies: widely spaced eyes, proptosis, 
wide nasal bridge, cleft lip with or without cleft palate, 
optic nerve anomalies, agenesis of the corpus callosum, 
hypothalamic-pituitary dysfunction

Laboratory studies: MRI

Prenatal diagnosis: MRI in some cases

Cause: sporadic

An encephalocele consists of neural tissue that herniates 
through a defect in the skull. An encephalocele of the nose is 
defined as neural contents that herniate anteriorly through the 
nasal cavity. Sincipital encephaloceles are those in which exter-
nal facial swelling may be observed (Fig. 16.14.1). Sincipital 
encephaloceles may be present nasofrontally, nasoethmoidally, 
or nasoorbitally. In contrast, basal encephaloceles frequently 
do not cause an external facial mass because the herniated 
brain tissue is present in the nasal cavity itself, the nasophar-
ynx, the sphenoid sinus, or the pterygopalatine fossa.1 For basal 
encephaloceles the bony defect is typically in the cribriform 
plate, superior orbital fissure, or the posterior clinoid fissure; 
lesions may be transethmoidal, sphenoethmoidal, transsphe-
noidal, and sphenoorbital. Associated anomalies may include 
widely spaced eyes, proptosis, wide nasal bridge, cleft lip with 
or without cleft palate, optic nerve anomalies, and agenesis of 
the corpus callosum.2-4 Clinical manifestations consist of nasal 
obstruction, persistent and unexplained rhinorrhea, recurrent 

meningitis, hydrocephalus, endocrinologic dysfunction in 
those who have pituitary involvement, and visual defects in 
those with orbital involvement.5

Imaging is a useful tool for diagnosis; noncontrast head 
computed tomography is ideal for identifying the bony defects, 
while magnetic resonance imaging of the head with contrast is 
most useful for delineating the neural and/or vascular elements 
involved in the herniated encephalocele.3 Imaging is particu-
larly important prior to biopsy of the mass or any surgical treat-
ment, to ensure that the mass does not extend intracranially.1

Anterior encephaloceles are rare, with a birth incidence of 
approximately 1 in 35,000; however, there prevalence increases 
to about 1 in 5000 to 1 in 6000 livebirths in individuals of 
Southeast Asian descent.2,6 In one large study of 133 affected 
individuals by Mahapatra, a majority of cases were of the fron-
toethmoid type (104/133), with transethmoidal nasopharyn-
geal (12/133) and orbital (10/133) types accounting for a small 
minority of cases.2

Fig. 16.14.1 Frontonasal encephalocele in a 10-month-old infant exposed prenatally to hydantoin.
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Treatment: Treatment for nasal encephaloceles typically 
consists of surgical resection, preferably through an endo-
scopic route as opposed to a transcranial approach.5 The most 
common postsurgical complication is persistent leaking of 
cerebrospinal fluid.

Prognosis: Prognosis depends on the size and extent of the 
lesion and on the presence of associated anomalies. In one 
large study, 30 percent of affected individuals had intelligence 
quotients (IQ) below normal, but at least 50 percent of affected 
individuals were reported to have undergone normal school-
ing with at least fair performance.2
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17 | LIPS AND PALATE

MARILYN JONES

intROdUCtiOn

The lips give the lower face its distinctive appearance and 
are essential components of the dysmorphology examina-
tion. Subtle changes in lip thickness, curvature, pigmenta-
tion, smoothness, and position at rest and with movement 
more frequently provide clues to syndrome diagnosis than do 
major malformations. Race, ethnicity, and familial variations 
must be taken into account before attributing alterations in lip 
morphology to genetic aberrations or prenatal environmental 
influences.

Facial clefts may be classified either considering patho-
genesis (what went wrong during the process of morphogen-
esis) or etiology (what caused the problem to begin with). 
Both approaches have relevance with respect to prognosis and 
recurrence risk. The vast majority of clefts occur as a conse-
quence of malformation. Of these, about two-thirds will rep-
resent failure of the medial nasal and maxillary processes to 
fuse (CL/P) and one third will represent failure of the palatal 
shelves to fuse (CP). Other mechanisms (deformation, disrup-
tion, dysplasia) are represented less frequently. Among over 
1,700 children presenting to a treatment clinic over a 23-year 
period in San Diego, ten children had midline clefts of the lip 
in association with holoprosencephaly compared to 1,000 with 
CL/P and 500 with CP. In the same population, about 100 had 
clefts classified as Robin type or secondary to micrognathia, 40 
had disruptions (amnion rupture sequence or clefts as part of 
a pattern with a presumptive vascular mechanism), and four 
children had palatal tumors including two nasal gliomas, one 
teratoma, and one probable epignathus (dysplasia).

A N AT O M I C A L  E M B RY O L O G Y

At 28  days of development the facial prominences, derived 
from neural crest cells, begin to appear, and by five weeks 
these swellings are well defined. They include the mandibular, 
maxillary, medial and lateral nasal, and the frontonasal promi-
nences.1-4 The medial and lateral nasal prominences lie on their 
respective sides of each nasal placode and are widely spaced 
from each other on the surface of the frontonasal prominence 
(Fig. 17.I.1). All of these prominences play an important role in 
development of the nose. In addition, the medial nasal promi-
nences participate in formation of the upper lip and alveolar 
ridge and primary palate. Thus, as the facial region grows the 
nasal placodes move closer to the midline together with the 
medial nasal prominences. These prominences eventually 

merge in the midline to form the intermaxillary segment that 
has three components: (1) a labial component that forms the 
medial portion of the upper lip, including the philtrum; (2) an 
upper jaw component that forms part of the alveolar ridge con-
taining the 4 incisor teeth; (3) a palatal component that forms 
the triangular primary palate.

The lateral parts of the upper lip and jaw are derived from 
the maxillary prominences.4,5 These prominences begin as 
small laterally placed swellings inferior to the eye at 4.5 weeks 
of development, but soon expand and move medially. As they 
move in this direction they encounter the lateral aspect of each 
medial nasal prominence, with which they fuse. In this man-
ner, continuity is established between the medial part of the 
upper lip and jaw formed by the medial nasal prominences and 
the more lateral parts formed by the maxillary prominences.6 
Like the medial nasal prominences that have a deeper compo-
nent that forms the primary palate, each maxillary prominence 
also has deeper components that form the alveolar ridge and 
secondary palate. In the sixth week, the portion that forms the 
secondary palate consists of two vertical shelves positioned on 
each side of the tongue. During the seventh week the mandible 
grows, causing the oral cavity to enlarge so that the tongue 
assumes a lower position.7 With the tongue no longer an obsta-
cle, the palatine shelves elevate and then grow together to fuse 
in the midline during the tenth week and to form the hard and 
soft portions of the secondary palate (Fig. 17.I.2).7,8

The lower lip and jaw are derived from the mandibular 
prominences. However, unlike the prominences forming the 
upper lip, the mandibular prominences arise with their medial 
surfaces already in contact across the midline. Thus, forma-
tion of the lower lip and jaw does not require fusion between 
opposing processes. Instead, only a small amount of merg-
ing and filling in of tissues is required to complete a uniform 
structure across the midline. Initially the mandible is flattened 
across the lower region of the face, but during the next couple 
of weeks it grows forward extensively to create room in the 
oral cavity for formation of the tongue. The posterior regions 
of the mandible also grow to form the rami, thereby causing 
the external ears, which are closely associated with this portion 
of the mandible, to move superiorly and to rotate into their 
definitive position.

M O L E C U L A R  E M B RY O L O G Y

The specification, migration, and proliferation of cranial neu-
ral crest cells that give rise to the mesenchyme of the nasal, 
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maxillary, and mandibular prominences involve numerous 
molecular regulators. Proliferation of the mesenchymal com-
ponent that drives growth of the facial primordia is orches-
trated through specific domains of FGF, WNT, and Hedgehog 
signaling.9 Expression of FGF8 is found in the surface epithe-
lium of the mandibular and frontonasal prominences, then 
around the nasal pits as the medial and nasal processes divide. 
SHH secreted from the surface ectoderm of the frontonasal 
prominence stimulates growth of the medial nasal promi-
nences. Expression of BMP4 in the epithelia of the medial 
nasal, lateral nasal, and maxillary prominences is localized to 
the sites that fuse when the upper lip closes. In this context, 
BMPs appear to exert their effects by activating Msx transcrip-
tion factors. Expression of Wnt3 and Wnt9b in the facial pri-
mordia activates canonical WNT signaling in the epithelium 
and adjacent mesenchyme of the medial and lateral nasal and 
maxillary prominences prior to fusion. Patterning and subdi-
vision of the first pharyngeal arch into maxillary and mandib-
ular components is in part mediated by the DLX transcription 
factors.10 An additional domain of Shh expression in the pha-
ryngeal ectoderm is required for survival of neural crest cells 
and mandibular morphogenesis.11
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Fig. 17.I.2 Schematic of closure of secondary palate. (Reprinted with permission from Moore KL: The Developing Human, ed 4. CV Mosby Co, St. Louis, 1988.)
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17.1 median CLeft Lip

(Midline Cleft Lip, Absent Premaxilla, Vermilion Diastasis)

Definition: Median cleft lip reflects a deficiency of the central portion of the lip including the central vermilion, the philtrum, 
the premaxilla, and the nasal columella.

ICD9/ICD10: 749.10/Q36.1 Syndrome Associations (Appendix)
Ellis-van Creveld (EVC, EVC2)
Frontonasal dysplasia (ALX3)
Goltz (PORCN)
Holoprosencephaly (SHH, ZIC2, SIX3, TGIF1, GLI2, 
PTCH1, DISP1, FGF8, FOXH1, NODAL, TDGF1, GAS1, 
DLL1, CDON)
Hydrolethalis (KIF7, HLS1)
Meckel-Gruber (MKS1, TMEM216, TMEM67, CEP290, 
RPGRIP1L, CC2D2A, NPHP3, TCTN2, B9D1, B9D2, 
TMEM231)
Orofaciodigital (OFD1, DHCR7, TCTN3)
Pallister-Hall (GLI3)
Smith-Lemli-Opitz (DHCR7)
Trisomies 13, 18
Triploidy
del 2p21, 7q36, 13q, 18p, 21q22.3
dup 3p, 13q
Maternal diabetes

Birth prevalence: 1/10,000

Associated anomalies: central nervous system, ocular, 
cardiac, genitourinary, cutaneous

Laboratory studies: chromosomes, genomic microarray, 
gene sequencing

Prenatal diagnosis: 3D ultrasonography, MRI, 
chromosome analysis, genomic microarray, gene 
sequencing

Cause: sporadic, chromosomal, Mendelian (AD, AR, XL), 
environmental

The diagnosis of a median cleft lip is easily made on physical 
examination at the time of birth (Fig. 17.1.1). The defect may 
range from a subtle notch in the middle of the lip to absence 
of the premaxilla with a flaplike nose. Since many median 
clefts of the lip are part of the holoprosencephaly spectrum, 
the diagnosis is increasingly made on prenatal imaging.1 Early 
loss of midline structures in the developing prosencephalon 
produces this pattern of malformation, which ranges in sever-
ity from cyclopia at the severe end to varying degrees of ocular 
hypotelorism with nasal malformation, to an absent columella 
with a midline cleft lip, to only a single central maxillary inci-
sor at the mild end. Median cleft lip appears to be one of the 
intermediate phenotypes seen with holoprosencephaly.2

Holoprosencephaly is etiologically heterogeneous. One-  
quarter to one-half of individuals have a gross chromosomal 
abnormality. Another quarter have a recognized multiple 
congenital anomaly syndrome. A variety of genes have been 
implicated as causal in nonsyndromic cases. Poorly con-
trolled maternal diabetes imparts a 200-fold increased risk 
for holoprosencephaly. Holoprosencephaly occurs in all eth-
nic groups. It is more common in early human embryos than 
the prevalence numbers for stillborn and liveborn infants 
would suggest, reflecting early embryonic loss. In a retro-
spective review of pregnancy outcome linking prenatal and 
postnatal databases in a defined region England, 11 cases of 
midline cleft lip were identified prenatally (of 570 total).1 All 
had other malformations, three with confirmed chromosomal 
abnormalities. None survived, mostly because of voluntary 
termination.

In addition to holoprosencephaly, median cleft lip may be 
one feature of several genetic conditions caused by mutations 
in genes that disrupt the function of cilia—components of 
almost all vertebrate cells that are involved in signal transduc-
tion. Common features in these conditions include polydactyly 
and cystic kidneys. Accessory oral frenula and tongue malfor-
mations are characteristic. The second group of conditions 
presenting with median cleft lip are the frontonasal dysplasias, 
which are characterized by significant ocular hypertelorism 
and frequently normal cognitive function despite the facial 
malformation.

Fig. 17.1.1 Isolated incomplete median cleft lip (left). Complete median cleft lip 
associated with holoprosencephaly (right).
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Treatment: The approach to treatment depends greatly on 
the underlying cause of the median cleft lip. Some of the dis-
orders associated with median cleft lip have limited potential 
for survival, whereas others have normal survival and normal 
cognitive potential.3 A  median cleft lip by itself should not 
present major issues with feeding, although latching may be 
impacted. Children with severe defects in brain development 
typically need gastrostomy tubes. Many children with mid-
line clefts of the lip and holoprosencephaly survive.4 A variety 
of surgical techniques have been employed for reconstruct-
ing the lip depending upon the degree of tissue deficiency.5 
Close follow-up for pituitary hormone deficiency is war-
ranted. The American Cleft Palate-Craniofacial Association 
has published parameters of care for children with cleft lip 
and palate.6

Prognosis: The prognosis with median cleft lip greatly 
depends upon the involvement of brain structures. For median 

clefts associated with the more severe forms of holopros-
encephaly, a reduced lifespan is anticipated. Survivors have 
varying degrees of intellectual disability, seizures, diabetes 
insipidus, and other pituitary deficiencies.4
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17.2 CLeft Lip WitH OR WitHOUt CLeft paLate

(Unilateral or Bilateral Cleft Lip, Unilateral or Bilateral Cleft Lip with Cleft Palate)

Definition: A defect in the upper lip just lateral to the philtral pillar on the affected side that results from failure of the medial 
nasal process to establish continuity with the maxillary process, with or without failure of the palatal shelves to fuse in the 
midline.

ICD9/ICD10: 749.1, 749.2, 750.25/Q37.0- Q37.5, Q37.8, 
Q37.9, Q38.0

Syndrome Associations (Appendix)
Blackfan-Diamond (RSP19 and 8 others coding for 
ribosomal proteins)
CHARGE (CHD7, SEMA3E)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Distal arthrogryposis
EEC (TP63)
Facio-auriculo-vertebral
Fryns
Gorlin (PTCH1, PTCH2, SUFU)
Popliteal pterygium (IRF6)
Roberts (ESCO2)
Telecanthus-hypospadias (MID1)
Van der Woude (IRF6,GRHL3)
Waardenburg (PAX3, MITF, EDNRP, EDN3, SOX10)
Wildervanck
Trisomies 13, 18
del 4p, 22q11.2
Maternal diabetes
Amniotic bands
Prenatal alcohol, anticonvulsant exposure

Birth prevalence: 1/1,000

Associated anomalies: ocular, dental, cardiac, skeletal, 
cutaneous

Laboratory studies: chromosome analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: 3D ultrasonography reliable, MRI, 
chromosomes, genomic microarray, gene sequencing

Cause: sporadic, chromosomal, Mendelian (AD, AR, XL), 
environmental, multifactorial
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Cleft lip with or without cleft palate (CL±P) is one of the most 
common malformations in humans. With the exception of 
occult defects in the lip, most clefts of the lip and palate are 
readily apparent on physical examination at birth (Fig. 17.2.1). 
The most subtle manifestation of cleft lip may be a fibrous band 
of scar-like tissue along the philtral ridge. More typically, there 
is an obvious gap between the premaxillary and lateral aspects 
of the upper lip that continues through the alveolar ridge and 
the secondary palate when the cleft is complete. In a unilateral 
cleft there is flattening of the alar rim on the affected side and 
deviation of the nasal septum toward the non-cleft side. In a 
bilateral cleft lip, the nasal tip is depressed and the columella 
is absent.

CL±P may manifest as a cleft of the lip alone, a cleft of the 
lip and palate, or may involve the lip and alveolus, skipping the 
hard palate to involve the soft palate. Clefts may be complete 
or incomplete, unilateral or bilateral. Left-sided defects are 
twice as common as right-sided abnormalities. There is a 2:1 
male to female sex ratio. Multiple studies have demonstrated 
ethnic differences in the rates of CL±P with higher prevalence 
rates in aboriginal Australians, East Asians, and First Nations 
people of Canada, and lower prevalence rates in southern 
Europeans and Africans (Table 17.2.1). The concordance rate 
among monozygotic twins is 6–19 times the rate in dizygotic 
twins, whose likelihood of being affected is the same as that 
of a full sibling. The empiric recurrence risk for first-degree 
relatives is from 3 percent to 5 percent. Between 15 and 25 per-
cent of cases will have a positive family history (Table 17.2.2). 

Increasingly, clefts of the lip with or without cleft palate are 
recognized prenatally at the second-trimester anatomy scan.

For the past 40 years, the multifactorial threshold model 
has been widely accepted as the explanation for the familial 
clustering, ethnic variation, gender difference, and twin con-
cordance in CL±P. Newer estimates suggest that susceptibility 
may be conferred by two to eight genes acting in a multipli-
cative fashion in conjunction with specific environmental 
risk factors. Genomewide association studies have identified 
many loci and genes that confer susceptibility to CL±P in dif-
ferent populations.1 None of this information is yet clinically 
relevant. Interestingly, some of these genes, including PVRL1, 
TBS22, and IRF6, have been identified through a Mendelian 
phenocopy.2 Environmental factors that increase the risk for 
CL±P include maternal smoking, poorly controlled maternal 
diabetes, obesity, exposure to a variety of anticonvulsant agents 
(phenytoin, valproic acid, barbiturates, trimethadione, primi-
done, lamotrigine, and topiramate), heavy alcohol consump-
tion, folic acid antagonists, corticosteroids, and isotretinoin.3-5

Depending upon the age at which a proband is identified, 
the frequency with which associated defects are encountered 
varies widely. Recent systematic review of the literature has 
documented that the prevalence of associated anomalies with 
prenatally diagnosed cleft lip alone ranges from zero to 20 per-
cent and for cleft lip plus palate ranges from 39.1 to 66 percent. 
For clefts ascertained postnatally, the prevalence of associated 
abnormalities in cleft lip alone varied from 7.6 to 41.4 percent 
and with cleft lip plus palate from 21.1 percent to 61.2 percent.6 

A B

C D

Fig. 17.2.1 Cleft lip and palate. A: Complete bilateral cleft lip and palate. B: Complete unilateral cleft lip and palate. C: Incomplete bilateral cleft lip. D: Incomplete 
bilateral cleft lip with overt cleft below the right nostril and occult cleft below the left nostril.
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The presence of associated anomalies in an individual with 
CL±P typically suggests that the cleft is one feature of a mul-
tiple malformation syndrome. All individuals with CL±P and 
their first-degree relatives should be examined for pits in the 
lower lip, which indicate that the cleft is one feature of Van der 
Woude syndrome, an autosomal dominant disorder which is a 
Mendelian phenocopy of nonsyndromal CL±P.

Treatment: For nonsyndromal CL±P, the outcome with 
appropriate treatment is excellent. The American Cleft 
Palate-Craniofacial Association has published parameters of 
care for affected children.7 Babies with clefts of the lip only or 
lip and primary palate are usually able to breastfeed success-
fully. If the secondary palate is cleft, a special bottle or nipple 
that delivers milk into the infant’s mouth without the baby 
needing to generate suction is often necessary. Reconstruction 
is accomplished in a staged fashion as an individual grows and 
develops, mandating longitudinal follow-up through comple-
tion of growth. Treatment decisions necessarily weigh aesthetic 
and speech concerns against issues of facial growth. The former 
dictates early repair because of evidence that speech results 
are better if a reconstruction is performed prior to the devel-
opment of expressive language. In contrast, studies of facial 
growth in Sri Lankans with CL±P demonstrate that the maxil-
lary retrusion that develops in many patients is a consequence 

of the reconstructive surgery.8 Although much has been written 
on the subject of treatment, there is a paucity of information 
from randomized controls to compare treatment protocols in 
any standardized way. Data from an international collabora-
tive project have suggested that better outcomes are achieved 
in multidisciplinary centers using a few experienced operators 
and relatively simple protocols as opposed to centers with mul-
tiple operators and no consistent protocol.9

A typical child with a unilateral cleft lip and palate may 
anticipate four soft tissue procedures (lip repair, palate repair, 
and two revisions—before starting school and at adolescence) 
and one hard tissue procedure (maxillary bone grafting). In 
addition, up to 25 percent will need management of velopha-
ryngeal insufficiency. Middle ear disease is frequent, and ven-
tilation tubes are commonly placed with a soft tissue surgery. 
Some children require multiple sets of tubes. Many children 
with involvement of the secondary palate will require speech 
therapy to address issues of language, compensatory, and other 
articulation. Between 7 percent and 48 percent of cases may 
require midface advancement to address skeletal malocclusion.

Prognosis: Most children with CL±P function in regular 
classes in school and have normal psychosocial adjustment, 
although a wide variety of cognitive, learning, and emotional 
differences have been identified in this population.10
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TABLE 17.2.1  epidemiological Characteristics of Cleft Lip with or 

without Cleft palate

CHaRaCteRistiC sUmmaRY infORmatiOn

Prevalence 1 per 1,000 total births

Geographic variation High prevalence in Australia (Aborigines), 
Canada, the Far East; lower prevalence in 
Southern Europe and Africa

Racial/ethnic differences In general, populations of Asian origin 
have higher rates than Caucasians, who 
have higher rates than Africans

Gender differences M/F 2:1

Laterality 2/3 of unilateral defects are left-sided

Temporal trends Mostly stable rates over time

Maternal age No convincing maternal age effect when 
syndromal cases are meticulously excluded

Birth weight/gestational 
age

Lower mean birth weight in some studies; 
no convincing increase in prematurity

Twinning No clear increase in twins

MZ twin concordance rate is 6–19x

higher than DZ concordance rate

DZ twin same as full siblings

Familial patterns Familial cases 15%–25%,

Sibling recurrence 3%–5%

TABLE 17.2.2 Risks of Cleft Lip and Cleft Lip/palate Given 

several family situations

sitUatiOn RisK tO neXt CHiLd

pROBand Has 

CL + Cp (%)

pROBand 

Has Cp (%)

Parents not affected and there are no 
other affected relatives

4 2

There is an affected relative 4 7

Affected child also has another 
malformation

2 2

Parents are related 4 –

Parents not affected but have two 
affected children

9 1

One parent affected, no child affected 4 6

One parent affected, one child 
affected

17 15

Adapted in part from Fraser11
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17.3 CLeft paLate

(Cleft Palate, Submucous Cleft Palate, Robin Sequence, Pierre Robin Syndrome)

Definition: Incomplete fusion of the palatal shelves.

ICD9/ICD10: 749.0/Q35 Syndrome Associations (Appendix)
De Lange (NIPBL, SMC1A, RAD21, HDAC8)
Diastrophic dysplasia (DTDST)
Distal arthrogryposis III (PIEZ02)
Facio-auriculo-vertebral
Kabuki (KMT2D, KDM6A)
Mandibulofacial dysostoses-microcephaly (EFTUD2)
Orofaciodigital 1 (OFD1)
Otopalatodigital (FLNA)
Spondyloepiphyseal dysplasia congenita (COL2A1)
Stickler/Marshall (COL2A1, COL2A2, COL11A1, 
COL11A2)
Treacher Collins (TCOF1, POLR1C, POLR1D)
Van der Woude (IRF6, GRHL3)
del 22q11.2
Maternal diabetes
Prenatal alcohol, anticonvulsant exposure

Birth prevalence: 1/2,000

Associated anomalies: craniofacial, cardiac, skeletal

Laboratory studies: chromosome, FISH, genomic 
microarray, gene sequencing

Prenatal diagnosis: gene sequencing, genomic 
microarray, unlikely by ultrasonography unless 3D

Cause: sporadic, chromosomal, Mendelian, 
environmental, multifactorial

Cleft palate (CP) is a common malformation in humans. 
Abnormalities in closure are posterior to the incisive fora-
men and may involve hard and soft palate, soft palate only, 
or be submucous in nature such that there is only muscle dis-
continuity below an intact mucosa. Overt clefts of the pal-
ate are readily identified on physical examination provided 
the oral cavity is adequately examined (Fig. 17.3.1). In wide 
palatal clefts, the vomer is visualized in the midline. CP may 
have a V-shaped or U-shaped appearance. The V-shaped cleft 
is more common and typically not associated with airway 
issues if isolated. The U-shaped cleft palate is seen in infants 
with significant micrognathia associated with posterior dis-
placement of the tongue in the oral cavity and glossoptosis, 
the Robin sequence. It is postulated that early-onset micro-
gnathia in these cases prevented descent of the tongue in the 
oral cavity such that palatal closure was blocked. Infants with 
Robin sequence typically have unstable airways and failure 
to thrive for the first months of life if the airway concerns 
are not addressed. The diagnosis of submucous cleft palate 
rests on the triad of (1) notching of the posterior border of 

the hard palate, (2) muscular diastasis with mucosal integrity, 
and (3) bifid uvula.

As opposed to cleft lip with or without cleft palate (CL±P), 
females are more likely to be affected with CP than males 
(Table 17.3.1). Although the worldwide birth prevalence is 
5:10,000, much higher rates have been recorded in Finland, 
Scotland and Canada, with low rates in Africa. The concor-
dance rate for CP among monozygotic twins is increased over 
dizygotic twins; however, the prevalence of CP in twins is not 
significantly increased over singletons.1 Although prenatal 
ultrasound diagnosis has been successfully accomplished for 
CP, high rates of false positivity and false negativity have been 
reported.2 The vast majority of babies with CP are identified 
after birth. The empiric recurrence risk for first degree relatives 
is 3 to 5 percent.

As opposed to CL±P, there has been a dearth of genetic 
studies into the etiology of isolated CP. Investigators were 
unable to replicate association with four candidate loci for 
CL±P in CP trios. The only positive studies are ones that incor-
porate gene–environment interactions for common pregnancy 
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exposures. Using this approach, MLLT3 and SMC2 (chromo-
some 9)  link to alcohol consumption, TBK1 (chromosome 
12) and ZNF236 (chromosome 18) to maternal smoking, and 
BAALC (chromosome 8)  to multivitamin supplementation.3 
In addition to maternal smoking and alcohol consumption, 
poorly controlled maternal diabetes, obesity, exposure to a 
variety of anticonvulsant agents, folic acid antagonists, corti-
costeroids, and isotretinoin are all risk factors for CP.4,5

Virtually every study that has addressed the question has 
documented a higher frequency of associated anomalies among 
individuals with CP than with CL±P. Roughly 50  percent of 
individuals with CP will have other anomalies.6 The presence 
of associated anomalies in an individual with CP usually sug-
gests that the cleft is one feature of a multiple malformation 
syndrome. The single most common diagnosis is Stickler syn-
drome. Among individuals with the Robin sequence, Stickler 

syndrome accounts for almost 50 percent of cases. Moreover, 
the diagnosis may not be apparent in infancy, as 18  percent 
of presumed “isolated” Robin sequence will have a change in 
diagnosis if followed over time.7 Close ophthalmologic follow 
up is warranted in this population.

Treatment: For nonsyndromal CP, the outcome with 
appropriate treatment is excellent. The American Cleft 
Palate-Craniofacial Association has published parameters of 
care for affected children.8 Feeding in the newborn period 
may require a special bottle or nipple that allows milk to be 
squeezed into the baby’s mouth, as the generation of suction is 
often compromised in infants with CP. A typical infant should 
undergo primary palate repair prior to a year of age, as speech 
outcomes seem to be better if the palate is repaired before 
expressive language develops. Up to 25  percent will develop 
velopharyngeal insufficiency, often requiring secondary pala-
tal surgery. Middle ear disease is frequent, and ventilation 
tubes are commonly placed at the time of palate surgery. Some 
children will have multiple sets of tubes. Many children with 
cleft palate will require speech therapy to address delayed lan-
guage, compensatory, and other articulation errors.

Prognosis: Most children with CP function in regular classes 
in school and have normal psychosocial adjustment, although 
a wide variety of cognitive, learning, and emotional differences 
have been identified in this population.9
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TABLE 17.3.1  epidemiological Characteristics of Cleft 

palate alone

CHaRaCteRistiC sUmmaRY infORmatiOn

Prevalence 1 per 2,000 total births

Geographic variation Higher in Australia, Scandinavia, Scotland, 
France

Racial/ethnic differences Slightly higher in Asians

Gender differences Slight preponderance of females

Temporal trends Mostly stable rates over time

Maternal age No evidence for maternal age effect when 
syndromal cases are meticulously excluded

Birth weight/gestational 
age

Lower mean birth weight in some studies; 
no convincing increase in prematurity

Twinning No clear increase in twins, dizygotic twin 
concordance rate same as full siblings

Familial patterns Familial cases 10%, sibling recurrence 
2%–3%

Fig. 17.3.1 Isolated V-shaped cleft palate (left). U-shaped cleft palate associated with micrognathia and glossoptosis (right).
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18 | THE TONGUE

MICHAEL L. CUNNINGHAM*

InTRoDuCTIon

Diseases of the mouth in general and the tongue in particular 
are often left to dental professionals. In the previous edition 
of this chapter, Bob Gorlin lamented about the inadequacy 
of most physicians’ ability to examine the tongue; “I am sur-
prised at how often one encounters the faulty perception that 
the mouth begins at the tonsils.” Even from the perspective of 
healthcare insurance, the disorders of the mouth are handled 
separately from the rest of the body. Perhaps we are making 
inroads for change through efforts to reduce dental healthcare 
disparities among children, the elderly, and those with chronic 
disease, efforts that one day may allow the mouth to once again 
be considered part of the body.1

In this chapter we will discuss disorders of the tongue that 
span malformation (ankyloglossia, bifid tongue) to neoplasia 
(choristoma, hamartoma, teratoma), many of which impact 
the functions of the tongue and often lead to respiratory com-
promise. Abnormal embryonic development of the tongue 
may produce alterations in the formation of the thyroid gland, 
with resultant ectopia (lingual thyroid). Midline clefting of 
the mandible may be associated with absent, cleft, or adher-
ent tongue, while macroglossia, as in Beckwith-Wiedemann 
syndrome, can influence tooth position and alignment. In 
addition, microstomia will be present if the tongue is nearly 
absent, as in hypoglossia-hypodactyly syndromes or in oto-
cephaly. Speech alterations may be present in cases of anky-
loglossia, and diastema of mandibular incisors can occur 
in cases of thick lingual frenulum with insertion into the 
anterior labial mucosa. As will become clear, developmental 
abnormalities of the tongue are highly diverse and can carry 
significant morbidity and, on occasion, life-threatening air-
way compromise.

A N AT O M I C A L  E M B RY O L O G Y

Tongue development begins in the fourth week with the 
appearance of two lateral and one medial (the tuberculum 
impar) lingual swellings on the floor of the pharynx as part 
of the first pharyngeal arch. A second medial swelling, called 
the copula or hypobranchial eminence, forms from mesoderm 
of the second, third, and fourth arches, while a third midline 
swelling, signaling development of the epiglottis, forms from 
the posterior region of the fourth arch.

By the sixth week, the lateral lingual swellings overgrow the 
tuberculum impar and merge in the midline to form the ante-
rior two-thirds (body) of the tongue. The posterior one-third 
of the tongue (the root) is derived primarily from the third arch 
that overgrows tissue from the second and fourth arches. The 
epiglottis and the extreme posterior of the tongue are derived 
from fourth arch tissue. The line of fusion between the body 
and root of the tongue is represented by the terminal sulcus. 
Muscles for the tongue are derived from myotomes originating 
from occipital somites.

The tongue is composed of four extrinsic muscles (genio-
glossus, hyoglossus, styloglossus, palatoglossus) and four 
intrinsic muscles (superior and inferior longitudinal, vertica-
lis, transversus). This complex muscle group gives the tongue 
remarkable versatility of movement, allowing for its role in 
speech, chewing, swallowing, and even gesturing due to its 
unique ability to be protruded into space. Beyond these func-
tions, the tongue is also a sensory organ capable of sensing 
the basic tastes of sweet, salt, bitter, and sour, and, because of 
the presence of the lingual tonsil, serving as an organ of the 
immune system. The tongue is usually considered to have two 
parts: the anterior two-thirds of the tongue (the oral portion), 
which is separated from the posterior third (the pharyngeal 
portion) by the sulcus terminalis.

The tongue surface develops papillae beginning around 
day 54. The vallate and foliate papillae appear earliest and have 
a relationship to the terminal branches of the glossopharyn-
geal nerve. The fungiform papillae, also scattered over the 
same area but fewer in number, arise somewhat later embryo-
logically, having a relationship to the termination of the chorda 
tympani branch of the facial nerve. The filiform papillae cover-
ing the dorsum of the anterior two-thirds of the tongue appear 
after week 12, and the vallate papillae appear along the sulcus 
terminalis and the foliate papillae on the posterolateral surface 
of the tongue.2,3

M O L E C U L A R  E M B RY O L O G Y

The mesenchymal component of the tongue is derived from 
cranial neural crest cells of the component pharyngeal arches. 
The myogenic regulatory factors play roles in the determi-
nation and terminal differentiation of tongue myoblasts. 
Morphogenesis of the tongue is guided by tissue–tissue inter-
actions between cranial neural crest and invading myoblasts.4 

* Acknowledgement is made to Robert J. Gorlin, who authored the chapter in Edition 2 of Human Malformations and Related Anomalies on which this revision is based.
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Members of the TGF-β and FGF families, along with the tran-
scription factors DLX5 and DLX6, are key to this process. 
Induction of taste placodes and development of taste buds 
requires epithelial–mesenchymal interactions that are medi-
ated by Hedgehog, BMP, FGF, and canonical WNT signaling 
pathways.5

The sensory nerve supply to the anterior two-thirds of 
the tongue is from the lingual branch of the mandibular divi-
sion of the trigeminal nerve. The taste buds of the anterior 
two-thirds of the tongue are innervated by the chorda tympani 
branch of the seventh nerve. The foliate papillae and the pos-
terior one-third of the tongue are innervated by the glosso-
pharyngeal nerve. The superior laryngeal branch of the vagus 
nerve supplies a small area of the tongue just anterior to the 
epiglottis, and, as indicated earlier, the muscles of the tongue 

are supplied by the hypoglossal nerve except for the palato-
glossus, which is supplied by the vagus.
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18.1 aBsenCe anD unDeRDeVeloPmenT of The Tongue

(Aglossia, Microglossia, Hypoglossia, Hypoplastic tongue, Small Tongue)

Definition: Partial or complete failure of the tongue to develop.

ICD9/ICD10: 750.11/Q38.3 Syndrome Associations (Appendix)
Auriculocondylar (PLCB4, GNAI3, EDN1)
Hypoglossia-hypodactylia
Hypoglossia-situs inversus
Moebius
Prenatal misoprostol exposure

Birth prevalence: extremely rare

Associated anomalies: limb, cranial nerve, craniofacial, 
situs inversus

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography if associated 
anomalies (micrognathia, hypodactyly, hypomelia) are 
present

Cause: sporadic

It is generally believed that aglossia is an inaccurate term, as some 
tongue remnants are always present (hypoglossia), with the 
rudimentary tongue located at the level of the genioglossal pro-
cesses. The diagnosis is established on clinical examination (Fig. 
18.1.1).1 The hypoplastic tongue is generally capable of move-
ment that is accentuated laterally and anteriorly by the muscular 
folds of the oral floor. Cranial nerve palsies (most often VI and 
VII) are associated with hypoglossia in Moebius syndrome.

Isolated aglossia (hypoglossia) is very rare.2 Underde-
velop ment of the tongue is usually part of the 
oromandibular-limb hypogenesis group of syndromes includ-
ing the hypoglossia-hypodactylia and Moebius syndromes.3 
As proposed by Hall, the oromandibular-limb hypogen-
esis syndromes are characterized as follows:  Type I, isolated 
hypoglossia (aglossia); Type II, hypoglossia with hypomelia/
hypodactylia; Type III, glossopalatine ankylosis, hypoglossia, 
and hypomelia/hypodactyly; Type IV, intraoral synechia with 
fusion, hypoglossia, and hypomelia/hypodactyly; and Type V 
that includes several syndromes such as Hanhart syndrome, 
Robin sequence, Moebius syndrome, and early amnion rup-
ture sequence.1

Fig. 18.1.1 Rudimentary malformed tongue in hypoglossia-hypodactyly 
syndrome.
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Hypoglossia rarely occurs without hypodactyly. In these 
cases, the mandible is usually severely constricted.4-6 Situs 
inversus and anterior maxillomandibular fusion have also 
been reported.7-9

Persistence of the buccopharyngeal membrane rem-
nants has been associated with aglossia.10 Brecht and Johnson 
reported a case of complete mandibular agenesis with micro-
stomia, choanal atresia, cleft soft palate, persistence of the buc-
copharyngeal membrane, and near complete aglossia.11

The prevalence of hypoglossia and its associated conditions 
is unknown but considered extremely rare. There is no evidence 
that it is heritable. All examples of hypoglossia-hypodactylia, 
Moebius syndrome, and the oromandibular-limb hypogenesis 
syndromes have been sporadic. There is evidence to suggest 
that prenatal exposure to misoprostol is associated with an 
increased risk of Moebius syndrome.12

Treatment: No therapy exists for severe hypoglossia. Surgical 
resection of mandibulo-palatine or other intraoral synechiae, 
if present, can improve mandibular excursion.

Prognosis: Although most patients have intelligible speech, 
hypoglossia can have a significant negative effect on articula-
tion. The overall prognosis is highly variable.
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18.2 maCRoglossIa

Caleb Bupp

(Enlarged Tongue)

Definition: Enlargement of the tongue.

ICD9/ICD10: 750.15/Q38.2 Syndrome Associations (Appendix)
Aspartylglucosaminuria (AGA)
Autoinflammation-lipodystrophy-dermatosis  
(PSMB8)
Beckwith-Wiedemann (CDKN1C, NSD1, H19, 
KCNQ1OT1, del/dup of imprinted region of 
11p15.5, UPD)
Costello (HRAS)
Glycogen storage disease II (GAA)
Hypothyroidism, congenital, nongoitrous, 4;6 
(TSHB, THRA)
Immunodeficiency-centromeric instability-facial 
anomalies 1 (DNMT3B)
Kleefstra (EHMT1)
Mannosidosis (MAN2B1)
Mucolipidosis (GNPTAB)
Mucopolysaccharidosis I-H, II, VI (IDUA, IDS, ARSB)
Muscular dystrophy-dystroglycanopathy 
(POMT1, POMT2)
Pallister-Killian
Pituitary hormone deficiency, combined, 1 (POU1F1)
Robinow (ROR2, WNT5A)
Sandhoff (HEXB)
Schinzel-Giedion (SETBP1)
Simpson-Golabi-Behmel, type 1 (GPC3)
X-linked intellectual disability-short 
stature-hypogonadism-abnormal gait (CUL4B)

Birth prevalence: >1/14,000

Associated anomalies: craniofacial, cardiac, 
gastrointestinal, genitourinary, CNS. Due to its 
association with a wide variety of conditions, anomalies of 
virtually all organ systems have been noted.

Laboratory studies: mutational testing in cases suspected 
to represent Beckwith-Wiedemann syndrome or other 
less common causes of macroglossia.

Prenatal diagnosis: ultrasonography, MRI, gene 
sequencing if mutation is known

Cause: Mendelian (AD, AR, XL), microduplications/
microdeletions, uniparental disomy

Enlargement of the tongue may produce airway obstruction 
associated with noisy breathing, drooling, slurred speech, dys-
phagia, and malocclusion (Table 18.2.1).1-7 Later in childhood, 
macroglossia can be associated with acquired dental, orthog-
nathic, and speech abnormalities. If the tongue enlargement is 
massive, the dorsal surface may be dried, cracked, ulcerated, 
infected, or hemorrhagic. Pressure of the teeth on the tongue 
may cause marginal scalloping.8

It has been suggested that macroglossia should be divided 
into two categories—(a) true macroglossia and (b)  relative 
macroglossia. Both types may have congenital and acquired 
causes.8 Muscular enlargement accounts for macroglossia in 
such disorders as hemihyperplasia (hemihypertrophy) (Fig. 
18.2.1) and Beckwith-Wiedemann syndrome.9-12 Glycogen 
storage disease type II (Pompe disease), mucopolysaccharido-
ses (MPS) I, II, and VI, mannosidosis, and I-cell disease are 

among the lysosomal diseases associated with tongue enlarge-
ment.13 Neoplastic enlargement (hamartomas, choristomas, 
cysts, lymphangiomas, hemangiomas, and neurofibromatoses) 
is discussed extensively elsewhere in this section. Acquired 
macroglossia includes such categories as neoplasms (lym-
phoma, carcinoma), systemic disorders (amyloidoses), and 
local reactive change (angioneurotic edema) (Table 18.2.2).

Relative macroglossia refers to a tongue that appears large 
despite its normal size. This is usually due to neurologic (lin-
gual dystonia) or developmental (maxillary/mandibular hypo-
plasia) causes. Again, relative macroglossia has been divided 
into congenital (trisomy 21)  and acquired (edentulousness, 
myxedema) causes (Table 18.2.2).14

The overall prevalence of macroglossia is unknown, how-
ever; Beckwith-Wiedemann syndrome is estimated to occur in 
approximately 1/14,000 live births.15,16
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Treatment and Prognosis: A variety of methods for tongue 
reduction surgery have been developed; however, the progno-
sis is highly variable and is dependent on the underlying con-
dition and severity of the macroglossia.6,9,17-19
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Fig. 18.2.1 Macroglossia associated with hemihyperplasia. (Courtesy of 
Dr. James E. Vogel, Johns Hopkins Hospital, Baltimore, MD.)

TABLE 18.2.1  Clinical Presentation of macroglossia

Airway obstruction

Noisy breathing

Difficulty with chewing/swallowing

Drooling

Slurred speech

Perception of intellectual disability

Widened interdental spaces

Scalloping/crenations

Open-bite deformity/mandibular prognathism

Dry/cracked tongue

Ulceration/secondary infection/hemorrhage

From Vogel et al.8

TABLE 18.2.2  Causes of macroglossia

True macroglossia

Congenital

Vascular malformation (lymphatic, venous, capillary)

Muscular enlargement (hemihypertrophy, Beckwith-Wiedemann 
syndrome)

Systemic disorder (storage diseases)

Tumor (dermoid cyst, rhabdomyoma)

Acquired

Tumor (lymphoma, epidermoid carcinoma)

Systemic disorder (amyloidosis, gigantism)

Local reaction change (edema, vascular congestion)

Relative macroglossia

Congenital

Systemic disorder (Down syndrome, congenital hypothyroidism)

Acquired

Functional (postoperative maladaptation)

Elevation (Ludwig’s angina, edentulous)

Systemic disorder (myxedema)

From Vogel et al.8
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18.3 aBsenCe of lIngual fRenulum

Definition: Congenital absence of the lingual frenulum.

ICD9/ICD10: 756.83/Q79.6) Syndrome Associations (Appendix)
Ehlers-Danlos, types I-IV (COL5A1, COL5A2, COL1A1, 
COL3A1, TNXB)
Hypoglossia-hypodactylia
Rapp-Hodgkin (TP63)

Birth prevalence: 1/5000

Associated anomalies: joint laxity, skin fragility, blue 
sclera, ectopia lentis, aortic root dilation.

Laboratory studies: gene sequencing

Prenatal diagnosis: ultrasonography, gene sequencing if 
mutation is known

Cause: sporadic, Mendelian (AD)

Complete absence of lingual frenulum with the ventral sur-
face of the tongue in the floor of the mouth can occur (Fig. 
18.3.1). The tongue originates from the first, third, and fourth 
pharyngeal arches. The two lateral lingual swellings and a 
median swelling (tuberculum impar), which form the ante-
rior two-thirds of the tongue, are derived from the first arch. 
During early stages of development, the tongue is fused to the 
floor of the mouth. Separation is achieved by cell death, the 
lingual frenulum being the only remaining tissue in this area. 

Absence of the frenulum occurs when the normal cell death 
extends beyond the normal limits.

Absence of the lingual frenulum is seen in Ehlers-Danlos 
syndrome (types I–IV) and has been suggested as a minor 
diagnostic criterion.1,2 It has also been reported in the 
aglossia-adactylia syndrome and a variant of Rapp-Hodgkin 
syndrome.3,4 Although familial absence of the lingual frenu-
lum has been described in two sisters and their mother, review 
of the literature does not reveal its occurrence as an isolated 
anomaly.5

In isolation, the absence of the frenulum linguae appears 
to present no significant functional issues and the prognosis 
is excellent. If associated with a syndrome, the prognosis is 
related to the underlying condition.
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18.4 anKYloglossIa: PaRTIal, ComPleTe anD laTeRal

(Tongue-Tie)

Definition: An unusually short or thick lingual frenulum that decreases tongue mobility. Complete ankyloglossia occurs 
when the tongue is incompletely separated from the floor of the mouth.

ICD9/ICD10: 750.0/Q38.1 Syndrome Associations (Appendix)
Catel-Manzke
Cleft palate with ankyloglossia (TBX22)
Gracile bone dysplasia (FAM111A)
Kindler (KIND1)
Moebius
Opitz GBBB (MID1)
Oromandibular limb hypogenesis
Robinow (ROR2, WNT5A)
Van der Woude (IRF6)
Prenatal cocaine exposure

Birth prevalence: partial - 1/25, complete - rare

Associated anomalies: craniofacial, ocular, dental, 
cardiac, genitourinary, skeletal, dermatologic

Laboratory studies: genomic microarray, gene 
sequencing

Prenatal diagnosis: difficult to diagnose by 
ultrasonography, molecular diagnosis if causative 
mutation is known

Cause: Mendelian (XL, AD, AR), environmental

The tongue originates from the first, third, and fourth pharyn-
geal arches. Two lateral lingual swellings and a medial swelling 
(tuberculum impar) form the anterior two-thirds of the tongue. 
During early stages of development, the tongue is attached to 
the floor of the mouth. Separation is achieved through dif-
ferential growth and apoptotic cell death. The frenulum is 
normally the only remaining tissue in the ventral midline of 
the tongue attached to the floor of the mouth. Ankyloglossia 
occurs when this process is incomplete.

Ankyloglossia can be divided into three types: (1) isolated 
partial ankyloglossia in which the frenulum of the tongue is 
anteriorly displaced and restricts protrusion of the tongue tip, 
(2) complete ankyloglossia in which the tongue is incompletely 
separated from the floor of the mouth, and (3) lateral ankylo-
glossia in which the lateral aspect of the tongue is fused with 
the alveolar gingiva or the medial edge of the palate in a child 
with a cleft palate. Isolated partial ankyloglossia is character-
ized by a frenulum of variable size, located on the midventral 
surface of the tongue, which extends from the lingual gingival 
mucosa to nearly the tip of the tongue (Fig. 18.4.1).

An abnormal frenulum can restrict tongue movement 
and protrusion of the tip of the tongue beyond the vermilion 
border of the lower lip and may be associated with functional 
problems with speech or feeding.1 Complete ankyloglossia 
results in significant reduction in tongue movement that nega-
tively impacts speech and swallowing. Lateral ankyloglossia 
causes significant distortion of the tongue and palate resulting 
in swallowing difficulties and, potentially, airway compromise, 
often requiring surgical division during infancy. Although 
the precise causes of these forms of ankyloglossia remain 
unknown, they likely have unique pathogenesis based on the 
location and degree of ankylosis. The diagnosis is established 
by clinical inspection. The presence of a thick, short ventral 
frenulum, with inability to protrude the tongue, is indicative of 
isolated partial ankyloglossia. When the tongue is protruded, 

the short frenulum creates a small notch on the tongue tip, 
mimicking a minor case of bifid tongue (Fig. 18.4.2) In cases 
of complete or lateral ankyloglossia, the diagnosis is obvious 
due to highly distorted anatomy.

Complete and/or lateral ankyloglossia are rare conditions 
that can be associated with Moebius syndrome, oromandibu-
lar limb hypogenesis syndrome, Robinow syndrome, median 
cleft mandible, Van der Woude syndrome, and cleft palate with 
ankyloglossia.2-9 In addition to genetic forms of ankyloglossia, 
there is a reported association between prenatal cocaine expo-
sure and ankyloglossia.10

The wide range of prevalence (1/10 to 1/100 in the pub-
lished literature) is likely due to the lack of anatomic criteria 
and the subjective nature of the diagnosis.1,11-15

Treatment: Plastic surgery can be performed in severe 
cases to improve tongue mobility; however, to date there are 
no well-controlled studies investigating feeding and speech 

Fig. 18.4.1 Ankyloglossia. The lingual frenulum is attached to the mandibular 
gingiva. Minor adhesions of this type do not cause speech abnormalities.
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outcomes after surgical treatment.1,16 Surgery is indicated in 
cases of lateral and total ankyloglossia to treat airway compro-
mise as well as feeding and speech difficulties.

Prognosis: The prognosis for isolated ankyloglossia is excel-
lent. When associated with other malformations, the progno-
sis is dependent on the nature of the other malformations.
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18.5 glossoPalaTIne anKYlosIs

(Ankyloglossum Superius)

Definition: Fusion of the dorsum of the tongue to the palate, nasal septum, or maxillary alveolar ridge.

ICD9/ICD10: 750.0/Q38.1 Syndrome Associations (Appendix)
Oromandibular limb hypogenesis

Birth prevalence: very rare

Associated anomalies: craniofacial, limb, gastrointestinal

Laboratory studies: none

Prenatal diagnosis: associated malformations (limb) can 
be detected with ultrasonography

Cause: unknown

Glossopalatine ankylosis involves a frenulum of variable thick-
ness extending from the dorsal surface of the tongue to the 
hard palate or the maxillary alveolar ridge. The diagnosis is 
self-evident on intraoral clinical inspection. The frenulum is 
generally attached to the anterior portion of the tongue, the 

tongue tip being cleft. If there is cleft palate, the tongue may 
be attached to the nasal septum. Differentiation from persis-
tent buccopharyngeal membrane is made on the basis of loca-
tion, the latter being at the posterior portion of the tongue and 
at the level of the anterior tonsillar pillars. In glossopalatine 

Fig. 18.4.2 Ankyloglossia. Tongue appears bifid when infant cries. Note 
preauricular tags on right.
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ankylosis, the tongue is attached to the hard palate or to the 
maxillary alveolar ridge. The lingual attachment generally 
occurs in the anterior part of the tongue.

Glossopalatine ankylosis is generally associated with other 
congenital anomalies such as cleft palate, ankyloglossia supe-
rior syndrome, micrognathia, and hypoplastic upper lip (Fig. 
18.5.1).1-4 Glossopalatine ankylosis is one of the features of the 
oromandibular-limb hypogenesis syndromes.3, 5-7

Treatment: Oral surgery is used to liberate the tongue. 
Outcome and prognosis vary based on the position and extent 
of ankylosis and the degree of hypoglossia when present.
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18.6 suPeRnumeRaRY Tongue

(Double Tongue)

Definition: Complete or partial duplication of the tongue.

ICD9/ICD10: 750.13/Q38.3 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: cleft palate, mandibular 
duplication, cervical spine clefts

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: sporadic

Partial or complete tongue duplication presents at birth as 
an isolated anomaly or more frequently in combination with 
partial oral duplication.1-3 Duplication of the mandible and/
or alveolus, cleft palate, and cleft of cervical vertebrae often 

accompany the tongue duplication.2-6 The prevalence and 
recurrence risk are unknown.

Surgical treatment to unite the duplicated tongue has been 
successful, but associated mandibular malformations can 

Fig. 18.5.1 Ankyloglossia superior syndrome. Child has a small mouth, attachment of the tongue to the hard palate, and reduction anomalies of the digits. 
(Courtesy of Dr. H. Gima, Okinawa, Japan.)
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impact outcome. Prognosis appears to be excellent. However, 
this is a very rare malformation, so data are limited.
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18.7 BIfID Tongue

(Notched Tongue, Forked Tongue, Cleft Tongue)

Definition: Cleft or bifurcation of the anterior tongue.

ICD9/ICD10: 750.13/Q38.3 Syndrome Associations (Appendix)
Orofaciodigital Type I (OFD1)
Mohr/Orofaciodigital Type II
Robinow (WNT5A, ROR2)
Short rib-polydactyly Type IIB (NEK1, DYN2CH1)
Otopalatodigital (FLNA)
Teratoma

Birth prevalence: 1/50,000 – 1/250,000

Associated anomalies: central nervous system, 
craniofacial (median mandibular cleft, mandibulofacial 
dysostosis, cleft palate), renal, short stature, hearing loss, 
limbs

Laboratory studies: genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography, gene sequencing if 
causative mutation is known

Cause: Mendelian (XL, AR, AD), microdeletions

The tongue, anterior to the circumvallate papillae, is formed 
from two lateral tubercles, derived from the first branchial 
arch, that fuse in the midline between the fourth and fifth 
weeks of gestation. Failure of fusion of the tubercles causes 
cleft (bifid or lobulated) tongue. Clefting of the anterior 
tongue constitutes a bifid tongue. The degree of bifurcation 
of the tongue tip varies between patients. Differentiation 
must be made between true and false bifid tongue, the latter 
being observed during tongue protrusion in individuals with 
ankyloglossia.

Isolated bifid tongue is rare but can be associated with sev-
eral syndromes and other orofacial malformations.1-6 In the 
orofaciodigital syndromes, the tongue may be bifid, trifid, or 
tetrafid (Fig. 18.7.1). Bifid tongue has also been associated with 
natal teeth and hearing loss and with oral duplication.7

While the syndromes associated with true bifid tongue 
(orofaciodigital syndrome, Robinow syndrome, and short 
rib-polydactyly syndrome) are known to be quite rare 
(1/50,000–1,000,000), the prevalence of isolated bifid tongue 
is unknown.8 Prevalences as high as 1/189 have been reported 
in Mexican and Saudi studies; however, the definition of bifid 
tongue used in these reports is unclear.9,10

Treatment: Bifid tongue can be corrected with plastic 
surgery.5,8,11,12

Prognosis: Prognosis is dependent on the presence of an 
underlying syndrome. In isolation, bifid tongue is surgically 
correctable.
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18.8 fIssuReD Tongue

(Scrotal Tongue, Lingua Plicata)

Definition: Multiple linear fissures of various depths on the dorsal surface of the tongue with variation of clinical appearance 
of lingual papillae.

ICD9/ICD10: 529.5/K14.5 Syndrome Associations (Appendix)
Agenesis of the corpus callosum-peripheral neuropathy 
(SLC12A6)
Cowden (PTEN)
Hereditary mucoepithelial dysplasia
Keratitis-ichthyosis-deafness (GJB2)
Melkersson-Rosenthal
Pustular psoriasis (IL36RN)
Rabson-Mendenhall (INSR)
Sjogren
X-linked intellectual disability, Claes-Jensen type 
(KDM5C)
Trisomy 21

Birth prevalence: 1/300 in adults

Associated anomalies: facial palsy and ocular, CNS, 
craniofacial, skeletal, cardiovascular, endocrine, 
genitourinary, skin and hair abnormalities

Laboratory studies: sequence analysis of causative gene

Prenatal diagnosis: molecular diagnosis if causative 
mutation identified

Cause: multifactorial, Mendelian (AD, XL), potentially 
immune mediated.

Although fissured tongue does not appear to be congenital, it 
is included because of its syndrome associations. On careful 
examination, most tongues present some degree of furrow-
ing. Diagnosis of fissured tongue can be achieved by asking 
the patient to push the tip of the tongue against the anterior 
mandibular teeth, a maneuver making the fissures more accen-
tuated (Fig. 18.8.1). A single central groove in the midline of 
the tongue is not considered a fissured tongue.

Kullaa-Mikkonen et  al. proposed two types of fissured 
tongue:  (1)  fissured tongue with normal-appearing filiform 
papillae and (2) fissured tongue syndrome (FTS) characterized 
by fissured tongue with smooth-surfaced papillae preceded by 
geographic tongue.1-4 In FTS, geographic and fissured tongue 
are believed to be different manifestations of the same condi-
tion and to have autosomal dominant inheritance with vari-
able penetrance.5

The tongue may become fissured and/or lobulated in 
patients with pernicious anemia or with Sjögren syndrome. 
Fissured tongue is seen in 30 percent of patients with trisomy 
21 and is part of Melkersson-Rosenthal syndrome and general-
ized pustular psoriasis.6-10

Fissured tongue is believed to have multifactorial etiology.11 
It has been suggested that a combination of impaired immu-
nologic mechanism, gastrointestinal disease (malabsorption) 

Fig. 18.8.1 Fissured tongue. Can be found in the normal population and has no 
significance.
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and perhaps tongue edema may play roles in the production of 
FTS.1,5 Based on the assumption that both generalized pustu-
lar psoriasis and fissured tongue are thought to be multifacto-
rial in etiology, with genetic predisposition being one of the 
factors, Hubler12 has suggested that two entities may have the 
same genetic cause.

Prevalence values for fissured tongue have ranged from 
3.2 to 538 affected per 1,000 examined individuals.11,13-16 This 
wide rage in prevalence is attributed to the possibility of one 
or more etiologic factors being present to a greater or lesser 
degree in the populations examined. In a survey of 43,000 
school-aged Mexican children, Sedano et al.17 reported a sta-
tistically significant difference between the prevalences in 
boys (168.3 per 1,000) and girls (145.2 per 1,000) which has 
been noted by others.11,13-15 Aboyans and Ghaemmaghami18 
reported no increase in the incidence of fissured tongue with 
age, but Sedano et  al. found a prevalence value of 140.9 per 
1,000 for children aged 6–10 years and a prevalence of 193.0 
per 1,000 in children aged 11–14  years.17 This finding tends 
to agree with those of Chosack et al. and Halperin et al., who 
reported a steady rise in the prevalence of fissured tongue with 
increasing age.14,19

Treatment: The condition does not require treatment. In 
occasional cases in which the fissures are extremely deep, 
superimposed infection with Candida albicans can occur. In 
those cases, antimycotic therapy and proper oral hygiene will 
affect a cure.

Prognosis: Excellent.
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18.9 meDIan RhomBoID glossITIs

(Central Papillary Atrophy, Glossal Central Papillary Atrophy)

Definition: An area of redness and loss of lingual papillae of the dorsal midline of the tongue in front of the circumvallate 
papillae.

ICD9/ICD10: 529.2/K14.2 Syndrome Associations (Appendix)
None

Birth prevalence: prevalence in a mixed age population is 
1/50 to 1/1,000

Associated anomalies: none

Laboratory studies: none

Prenatal diagnosis: none

Cause: unclear, suspected to be a developmental anomaly 
of the tongue with superimposed candida colonization or 
infection
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Fig. 18.9.1 Median rhomboid glossitis. The lozenge-shaped bald area on the 
midline of the tongue extends to the sulcus terminalis.

Median rhomboid glossitis has a generally rhomboid shape 
with its long axis along the median raphe. It usually measures 
about 1.5 by 2.5  cm. Although usually flat, it can be raised 
above the surface from 2 mm to 5 mm and may be fissured or 
mammillated (Fig. 18.9.1). The pink or rosy color is due to an 
absence of filiform papillae and is not thought to be primarily 
inflammatory.

Microscopically, there is absence of filiform papillae. The 
epithelium is hyperplastic with marked downgrowth. Some 
serous salivary glands exhibit squamous metaplasia with epi-
thelial pearl formation (pseudoepitheliomatous hyperplasia), 
which may erroneously be diagnosed as squamous cell carci-
noma. A chronic inflammatory infiltrate is usually seen in the 
subepithelial layer, and often there is vascular dilation.

Earlier investigators proposed that median rhomboid 
glossitis was due to persistence of the tuberculum impar, an 
unpaired structure arising between the first and second pha-
ryngeal arches and normally overgrown by the lateral lin-
gual tubercles. If the tuberculum impar is not overgrown, the 

persistent embryonal structure could give rise to a rhomboi-
dal plaque. The anomaly can be anteriorly displaced and of 
any shape.

Although initially thought to only occur in adults, it is well 
described in young children.1-4 Some investigators have sug-
gested that the condition is not congenital but rather is associ-
ated with candidal infection.5,6 Goregen et al. found Candida in 
about 90% of the cases and only 46.6% of controls.5 However, 
oral candida is so common that a causal relationship is diffi-
cult to prove. It may be that the disorder is developmental and 
that the area, being devoid of papillae, is more susceptible to 
hosting candidal organisms.7,8 There appears to no sex or racial 
predilection, but there is an association with diabetes.1,5,13

Its reported frequency ranges significantly from 1/55 to 
1/1000 individuals.4,9-12

No treatment is needed and the prognosis is excellent.
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18.10 PIgmenTeD fungIfoRm PaPIllae of The Tongue

Definition: Benign pigmentation of the fungiform papillae of the tongue.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: unknown, common in individuals with 
greater skin pigmentation

Associated anomalies: nail bed pigmentation

Laboratory studies: none

Prenatal diagnosis: none

Cause: Mendelian

Pigmented fungiform papillae of the tongue are relatively 
common in individuals of African descent and have also 
been reported in Chinese and East Indian populations (Fig. 
18.10.1).1-8 Microscopic sections have shown multiple mela-
nophages in the upper lamina propriae of the tongue.7 Rarely 
the pigmentation may be more diffuse, and is unrelated to 

Peutz-Jeghers syndrome, Addison disease, or minocycline 
therapy.9-11 The condition is benign, requires no treatment, and 
has an excellent prognosis.
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18.11 ChoRIsToma of The Tongue

Definition: Islands of enteric, respiratory, epithelial, neurectodermal, or skeletal tissue developing as a cyst or solid mass 
within the tongue.

ICD9/ICD10: 529.8/ K14.8 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none known

Laboratory studies: histologic examination to reveal 
tissue type

Prenatal diagnosis: none

Cause: presumed to be caused by embryonic rests that 
differentiate into ectopic tissue

A choristoma is a mass of tissue that is histologically normal 
for a part of the body other than the site at which it is located. 
The term choristoma derives from the Greek choristos mean-
ing “separated” and is used to indicate displaced or heterotopic 
tissue. Choristomas are presumed to be caused by embryonic 
rests that differentiate into ectopic tissue.

E N T E R O G E N O U S  C Y S T  O F   T O N G U E

Heterotopic islands of gastric mucosa or enterogenous cysts 
(often called intestinal duplications) are found in the esopha-
gus, small intestines, mediastinum, vitelline duct, pancreas, 
gallbladder, and Meckel diverticulum. Oral cysts lined by 
esophageal gastric or intestinal epithelium may be entirely 
enclosed within the body of the tongue or the floor of the 
mouth, or it may communicate with the surface (Fig. 18.11.1). 
Rarely cartilage and pancreatic tissue may be present. The cys-
tic wall may be composed partly or totally of gastric mucosa of 
the type seen in the body or fundus of the stomach, and there 
is often a smooth muscle coat. Both parietal and chief cells may 
be found.

The origin of the heterotopic gastrointestinal epithe-
lium is not known. It may be derived from misplacement 
of embryonal rests of undifferentiated mucosa. The tongue 
arises from the floor of the pharynx in the region of the 
first three branchial arches. In the embryo of three to four 
weeks, the undifferentiated primitive endoderm lies adjacent 
to the anlage of the tongue. Embryonic rests may become 
entrapped during the fusion of the lateral lingual tubercles 
to form the anterior two-thirds of the tongue.1,2 Lingual cysts 
lined by stratified, ciliated, or nonciliated columnar epithe-
lium are probably related embryologically, since the primi-
tive foregut epithelium has the ability to differentiate along 
all these lines.

Among reported cases of gastric or enterogenous cysts of 
the tongue, there is at least a 3M:1F sex predilection. The ante-
rior two-thirds of the tongue is involved in most cases, while 

involvement of the oral floor, hypopharynx, and submandibu-
lar salivary gland occur in decreasing order.3-7

When there is connection of the cyst to the oral cavity, the 
tube-like structure descending into the cyst is lined by strati-
fied squamous epithelium with sebaceous glands emptying 
into it. Several authors have described a lingual epithelial-lined 
tube surrounded by sebaceous glands but without gastric or 
intestinal epithelium.2 Sebaceous glands, as an isolated finding, 
may be found in the same area. Respiratory epithelium and/or 
dermoid cyst may also be found.

C H O R I S T O M A  O F   T O N G U E  L I N E D 
W I T H   R E S P I R AT O RY  E P I T H E L I U M  O R 
N O N C I L I AT E D  C O L U M N A R  E P I T H E L I U M

A cystic mass of the tongue that contains respiratory epithe-
lium is another type of choristoma. As with the more common 
enterogenous cysts of the tongue, they are lined by either cili-
ated or nonciliated epithelium and are entirely enclosed within 
the body of the tongue. Like enterogenous cysts, these cysts 
represent incorporation of epithelial rests having the potential 
of differentiating into this form of epithelium. With regard to 
pathogenesis, it should be borne in mind that the primitive 
foregut gives rise to the cephalic part of the digestive system 
and to the respiratory tract.3-5,8-11

E P I D E R M O I D  C Y S T  O F   T O N G U E

Congenital lingual dermoid cysts are rare tongue cysts lined 
by nonkeratinizing stratified squamous epithelium that may 
include sebaceous epithelium and/or sweat glands in the cyst 
wall. Very few examples are known of such cysts in the anterior 
tongue (Fig. 18.11.2).

These cysts are to be differentiated from dermoid cysts of the 
oral floor.12,13 It is believed that dermoid cysts are related to enter-
ogenous cysts and to those that are lined by respiratory epithelium, 
namely by incorporation of pluripotential embryonal rests.14-15
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C H O R I S T O M A  O F   T O N G U E 
C O N TA I N I N G  B R A I N   T I S S U E

Extracranial localization of brain tissue is not rare, being most 
often found in ovarian and testicular teratomas. However, non-
teratomatous extracranial brain tissue is relatively uncommon, 
most examples being nasal gliomas. A few have been found in 
the oropharynx and palate. None has involved extension to the 
cranial cavity. There are few convincing examples of hetero-
topic brain tissue in the tongue (Fig. 18.11.3).16-21

While heterotopic brain tissue may be viewed as teratoma-
tous, only neuroectodermal elements are present. These consist 
of glia and ependymal cells. They likely arise by displacement 
of neural elements in the floor of the anterior oral pharynx 
prior to the closure of the secondary palate. This is compatible 

with the finding of palatal defect in those with ectopic brain 
tissue in the nasopharynx.

C H O N D R O M A S  A N D  O S T E O M A S 
O F   T H E   T O N G U E

The lingual chondroma (in contrast to the osteoma) can arise 
anywhere within the tongue, but most often they are found on 
or adjacent to a lateral margin or mid-dorsum of the tongue 
(Fig. 18.11.4). These tumors are usually hard and are charac-
terized by slow growth and considerable mobility. Sizes have 
ranged from 0.3 cm to 4.5 cm.

Differential diagnosis of choristomas located on the pos-
terior dorsum includes lingual thyroid, hyperplastic lingual 
tonsils, and neoplasm of minor salivary glands. Those on the 

Fig. 18.11.1 Choristoma of the tongue. Top: newborn infant with large cystic 
tongue preventing closure of the jaws. Bottom: microscopic view of the cyst 
lined with nonciliated columnar epithelium. (Courtesy of Dr. P. Arcand, Hospital 
Sainte-Justine, Montreal.)

Fig. 18.11.2 Dermoid cyst of tongue. Top: cystic tongue mass lined with 
keratinizing squamous epithelium. Bottom: sebaceous glands within the 
cyst wall. (From Flom et al.35)
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Fig. 18.11.3 Choristoma of the tongue. Microscopic view of a lingual inclusion nodule showing heterotopic brain tissue (glial elements) near the overlying stratified 
squamous epithelium. (From Bychkov et al.19)

Fig. 18.11.4 Choristoma of the tongue. Left: two separate chondromas of the lateral border of the tongue of a 35-year-old woman. Unlike osteomas, chondromas 
can occur at any site on the tongue. Right: photomicrograph showing cartilaginous tissue with overlying connective tissue and epithelium. (From Landini et al.23)

lateral border of the tongue include traumatic fibroma, granular 
cell schwannoma (myoblastoma), and neural tumors, whereas 
those on the ventral surface include tumors of minor salivary 
gland origin, mucous retention phenomena (mucoceles), lipo-
mas, and various neural tumors. The report of a chondroma of 

the tongue by Ramachandran and Viswanathan appears to be a 
choristoma associated with orofaciodigital syndrome type 1.22

Branchial arch cartilages related to the anterior two-thirds 
of the tongue are derived from Meckel cartilage. Elastic carti-
lage is found in the epiglottis and in some laryngeal cartilages. 
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Since Landini et al. found elastic cartilage in a choristoma of 
the tongue, its origin might be from ectopic rests of elastic car-
tilaginous tissue from the larynx or from a proliferation of plu-
ripotential mesenchymal cells of the tongue.23 Cartilaginous 
tumors of the tongue are rare. Approximately 65% are com-
posed of pure cartilage, the rest being osteocartilaginous.24-29

Less than 75 cases of osteoma of the tongue have been 
reported.30-34 Although presenting most often in the third to 
fourth decades of life, the lingual osteoma is clearly a cho-
ristoma, not a neoplasm (Fig. 18.11.5). In 65%, it arises at or 
around the foramen cecum. About 25% arise in the lateral 
margins of the tongue. There is at least a 3:1 female predilec-
tion. Sizes have ranged from 0.5 cm to 2.0 cm.

Treatment: Although the origin of tongue choristomas 
remains unclear, they have no known association with other 
malformations and when they lead to functional impairment 
(e.g. dysarthria or dysphagia) they are usually successfully 
treated with excision.
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Fig. 18.12.1 Superficial lymphangioma causing macroglossia. Note densely 
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18.12 lYmPhangIoma of The Tongue

(Lymphatic Malformation of the Tongue, Vascular Malformation of the Tongue)

Definition: A benign hamartoma of the tongue composed primarily of lymphatic vessels and vesicles.

ICD9/ICD10: 529.8/K14.8 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: most cases isolated

Laboratory studies: MRI and/or CT is useful to identify 
the extent of the lesion, CBC with T-cell subsets is useful 
in cases with neutropenia

Prenatal diagnosis: ultrasonography

Cause: benign neoplasm, pathogenesis unclear.

Hamartoma refers to a benign, disorganized focal neoplasm 
of histologically normal tissue composed of tissue elements 
normally found at the site. Lymphangioma of the tongue con-
sists of benign nodular masses of clear lymph-filled vessels and 
vesicles of various sizes within and elevated above the surface 
of the tongue. Some rupture, and others become papilloma-
tous and may resemble granulation tissue. Vesicular lesions are 
often associated with capillary tufts.

Presenting very early in infancy, lymphangiomas usually 
grow slowly and remain essentially quiescent. Some are local-
ized, but more often they are diffuse and involve the dorsal 
rather than the ventral surface. Involvement may be unilateral 
or bilateral. Lesions often bleed following minor trauma. There 
is no gender predilection. In about 40 percent the lymphan-
gioma may involve more than half the tongue (Fig. 18.12.1). 
The anterior two-thirds of the tongue is the most common site 
affected, but it may involve other parts of the oral cavity (lip, 
cheeks, neck, oral floor) or extend to the epiglottis or medi-
astinum. In about 5 percent the lymphangioma is associated 
with cystic hygroma. Deeper examples can be complicated by 
glossitis, especially those that extend beyond the lips, in which 
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case, the tongue may appear dry, cracked or fissured, and hem-
orrhagic.1-6 Lymphopenia can be associated with lymphatic 
malformations in any location and is associated with greater 
infection-related morbidity.7-8

Trauma or infection may cause rapid enlargement and 
severe pain. The resulting macroglossia may lead to airway 
obstruction, difficult mastication, drooling, dysphagia, and 
altered speech.

Microscopically, the tumor consists of endothelial-lined 
cystic spaces filled with lymph, lymphocytes, and red blood 
cells. During local or systemic infections the lesions can 
become engorged with lymphocytes. The spaces are located 
within a stroma of thin fibrous connective tissue.

Treatment: Surgical excision, coblation (radiofrequency 
tissue destruction), bleomycin injection, and/or laser photo-
coagulation are among the possible treatment modalities.9-12 
Radiation therapy is not recommended. Management must 
include careful assessment for the development of airway 
complications.13-14

Prognosis: The prognosis is highly variable and is based 
on the size and location of the lesions. Large, deep lesions 
can carry significant morbidity and in some cases mortal-
ity due to effects on mastication, dysphagia, and airway 
compromise.

REFERENCES

 1. Balakrishnan A, Bailey CM: Lymphangioma of the tongue. A review of 
pathogenesis, treatment and the use of surface laser photocoagulation.  
J Laryngol Otol 105:924, 1991.

 2. Litzow TJ, Lash H:  Lymphangiomas of the tongue. Proc Mayo Clin 
36:229, 1961.

 3. White MA: Lymphangioma of the tongue. ASDC J Dent Child 54:280, 1987.
 4. Rice JP, Carson SH: A case report of lingual lymphangioma presenting as 

recurrent massive tongue enlargement. Clin Pediatr 24:47, 1985.
 5. Postlethwaite KR:  Lymphangiomas of the tongue. Br J Maxillofac Surg 

24:63, 1986.
 6. Brandrup F: Lymphangioma circumscriptum of the tongue. Dermatologica 

153:191, 1976.
 7. Perkins JA, Tempero RM, Hannibal MC, et  al.:  Clinical outcomes in 

lymphocytopenic lymphatic malformation patients. Lymphat Res Biol 
5:169, 2007.

 8. Tempero RM, Hannibal M, Finn LS, et  al.:  Lymphocytopenia in chil-
dren with lymphatic malformation. Arch Otolaryngol Head Neck Surg 
132:93, 2006.

 9. Alghonaim Y, Varshney R, Sands N, et  al.:  Coblation technique as an 
alternative treatment modality for oral lymphangioma. Int J Pediatr 
Otorhinolaryngol 76:1526, 2012.

 10. Kataria P, Passey JC, Agarwal AK: Lymphangioma circumscriptum of the 
tongue:  successful treatment using intralesional bleomycin. J Laryngol 
Otol 123:1390, 2009.

 11. Bloom DC, Perkins JA, Manning SC: Management of lymphatic malfor-
mations. Curr Opin Otolaryngol Head Neck Surg 12:500, 2004.

 12. Al-Salem AH:  Lymphangiomas in infancy and childhood. Saudi Med J 
25:466, 2004.

 13. Tewari A, Munjal M, Kamakshi, et al.: Anaesthetic consideration in mac-
roglossia due to lymphangioma of tongue: a case report. Indian J Anaesth 
53:79, 2009.

 14. Thompson BM, Welna JO, Kasperbauer JL, et al.: Childhood airway mani-
festations of lymphangioma: a case report. AANA J 72:280, 2004.

18.13 hemangIoma of The Tongue

(Vascular Malformation of the Tongue)

Definition: A benign vascular tumor of the tongue that may be capillary, cavernous, venous, arteriovenous, or mixed with 
lymphangioma.

ICD9/ICD10: 228.1/D18.1 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: usually none

Laboratory studies: CT, MRI, ultrasonography

Prenatal diagnosis: ultrasonography, MRI

Cause: unknown

Hemangiomas of the tongue occur in various sizes, from as 
small as a half a centimeter to filling the entire oral cavity. 
They may be flat or rounded, red-purple to deep red, super-
ficial or deep, and may extend into the tongue muscle. Most 
become evident in the newborn period and grow slowly. 
Microscopically there is a proliferation of endothelial-lined 
spaces that contain erythrocytes, but the vessel size and com-
position varies with the type.

In those that are superficial, trauma may produce bleeding 
or ulceration. With marked tongue enlargement, there is often 
interference with speech, dental occlusion, and mastication 

Unlike cutaneous angiomas, involution of the lingual heman-
gioma does not occur, and large lesions can be associated with 
life-threatening airway compromise.1-7

Although known to be relatively rare benign tumors of 
the oral cavity, the prevalence of tongue hemangiomas has not 
been determined.

Treatment: Depending on type, size, and location, surgical  
or nonsurgical elimination of the hemangioma can be sim-
ple or challenging. For small, superficial lesions, argon laser 
therapy appears effective. For larger lesions a variety of laser 
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treatments have been employed.8,9 Alternative approaches 
for vascular malformations include alcohol sclerotherapy, 
glue embolization with excision, and radiothermabaltion.10-12 
Although propranolol has been used to successfully treat 
infantile hemangiomas, its utility in the treatment of tongue 
lesions is not known.13

Prognosis: Prognosis is entirely dependent on the type, loca-
tion, and size of the vascular malformation. Large complex 
lesions can be associated with significant morbidity and occa-
sional mortality.
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18.14 mIXeD hamaRToma of The Tongue

(Mesenchymoma)

Definition: A benign tumor of the tongue containing mixed tissue elements normally present.

ICD9/ICD10: 529.8/K14.8 Syndrome Associations (Appendix)
Auriculocondylar 3 (PLCB4, GNAI3, EDN1)
Orofaciodigital (OFD1)
Orofaciodigital III
Orofaciodigital VI (TCTN3)
Orofaciodigital VIII
Orofaciodigital IX
Orofaciodigital XIV (C2CD3)
Short-rib thoracic dysplasia 6 with or without 
polydactyly (NEK1, DYN2CH1)

Birth prevalence: unknown

Associated anomalies: craniofacial, dental, hepatic, 
renal, limbs, skeletal, ectoderm, central nervous system, 
genitourinary, cardiac, bronchopulmonary

Laboratory studies: molecular genetic analysis for 
mutations in OFD1, TCTN3, C2CD3, NEK/DYN2CH1, or 
EDN1 based on clinical suspicion

Prenatal diagnosis: inconsistently identified by prenatal 
ultrasonography

Cause: Mendelian (AR, AD, XL)

A mixed type hamartoma of the tongue is a benign tumor that 
contains an oddly arranged and focal overgrowth of mixed tis-
sue elements indigenous to the area.1-5 The hamartoma appears 
as a spherical mass covered by normal oral mucosa. It has limited 
growth capacity and does not invade surrounding tissues. The 
color reflects the specific composition of the hamartoma (mucous 
salivary glands, adipose tissue, nerves, smooth muscle, connective 
tissue, blood vessels). It is difficult to distinguish this lesion from 
the so-called benign mesenchymoma of the tongue, and in fact 
may be the same entity.2,6 Lipoma of the tongue is rarely congeni-
tal but occurs principally near the surface in the mid-dorsum.7,8

With the exception of lipomas, little is known about the 
prevalence of mixed hamartomas of the tongue.9

Most occurrences have been found incidentally, often 
due to interference with feeding, and most have been located 
at the base of the tongue in the area of the foramen cecum. 

Exceptions to this are the lingual hamartomas seen in the oro-
faciodigital syndromes.10,11

Treatment: All mixed type hamartomas can be successfully 
removed by surgical means.12-14

Prognosis: Excellent.
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18.15 TeRaToma of The Tongue

(Dysembryoma, Organoid Tumor, Teratoid Tumor)

Definition: A congenital tumor of the tongue that contains elements from all three germ layers.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: usually isolated

Laboratory studies: prenatal alpha-fetoprotein can assist 
in narrowing the differential of a congenital intraoral 
lesion

Prenatal diagnosis: ultrasonography, MRI

Cause: possibly caused by displacement of pluripotent 
cells during blastogenesis

Most often immature neuroectodermal tissue is present in 
teratomas of the tongue; however, cartilage, bone, skin, pseu-
dostratified ciliated columnar epithelium, intestinal epithe-
lium, muscle, nerve, and cyst-like structures lined by stratified 
squamous epithelium have been found.1 These congenital neo-
plasms, unlike those of the ovary or testicle, appear to be uni-
formly benign. Teratoma can present within the body, base, 
or to the side of the tongue. They range from small lesions to 
those filling the entire oral cavity (Fig. 18.15.1).2-8 Elevation 
of both maternal and neonatal alpha-fetoprotein levels has 
been described.1,9,10 There does not appear to be any gender 
predilection.

Although teratomas are thought to arise in the develop-
ing blastomere with pluripotent cells being displaced, it has 
been suggested that normal myogenic cells migrating from the 
occipital myotomes may be accompanied by ectodermal and 
endodermal lines. In a few examples, a second teratoma has 
been found in the proximate area.

Treatment and Prognosis: The prognosis is excellent fol-
lowing surgical excision.3,6 Cleft palate and deformation of 
the maxillofacial structures is well described and may impact 
long-term outcome.5,7,8 There is overwhelming evidence that 
lingual teratomas are not malignant and if completely excised 
do not recur.

Fig. 18.15.1 Massive tongue enlargement caused by a teratoma. (Courtesy of 
Dr. A. E. Rodin, Xenia, OH.)
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18.16 lIngual ThYRoID

(Ectopic Thyroid)

Definition: A nodule of variable size composed of normal thyroid tissue located on the dorsal surface of the tongue in the 
midline at the level of the foramen cecum or within the body of the tongue.

ICD9/ICD10: none Syndrome Associations (Appendix)
PHACE

Birth prevalence: 1/100,000 - 1/300,000

Associated anomalies: audiologic, (in PHACE 
association- craniofacial, ophthalmologic, cardiac, 
vascular, airway, skeletal, CNS, endocrine)

Laboratory studies: thyroid function studies

Prenatal diagnosis: unlikely

Cause: deposition of thyroid tissue in the thyroglossal 
duct during development

Lingual thyroid generally presents as a round, purplish nodule 
2–3 cm in diameter. Occasionally it can be hemorrhagic and, if 
very large, may displace the epiglottis.1,2 Ninety percent of cases 
occur at the level of the foramen cecum, but some patients may 
present thyroid tissue embedded in the body of the tongue, 
sublingually or in the anterior portion of the tongue.3 Rarely, 
there may be a dual ectopic thyroid.4 On palpation the mass 
is firm and encapsulated, which aids in differentiation from 
lingual tonsillitis, which is soft and friable. In females, lingual 
thyroid increases in size during times of marked endocrine 
activity such as puberty, pregnancy, and menopause.5 It is 
during those periods that the majority of cases in women are 
detected. Some patients may have obstructive problems such as 
dysphagia, dysphonia, dyspnea, or obstructive sleep apnea.2,6-10 
Over 70 percent of patients with lingual thyroid have absence 
of a normally located thyroid gland (Fig. 18.16.1).

Lingual thyroid should be suspected when a mass or nod-
ule is located at the level of the foramen cecum in front of 
the terminal sulcus of the tongue (Fig. 18.16.2). Nevertheless, 
the differential diagnosis includes various tongue neoplasms, 
hamartomas, choristomas, and lingual tonsillitis. Radioactive 
iodine 123 or technetium 99m scanning, computed tomog-
raphy, and magnetic resonance imaging will demonstrate the 
presence of thyroid tissue at the lingual location.11-13 Biopsy is 
not indicated unless it has been proven that the patient also 

has a normally located and functional thyroid gland (Fig. 
18.16.3).

In contrast with a lingual thyroid, a thyroglossal duct 
cyst is a cyst that develops from persistence and dilation of 
the embryonic thyroglossal tract. Although the tongue arises 
at the foramen cecum, these cysts usually present below the 
tongue at the level of the hyoid bone.

Fig. 18.16.1 Lingual thyroid presenting as a mass located at the 
foramen cecum. (Courtesy of Dr. M. R. Kamat, Riyadh, Saudi Arabia.)
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The thyroid gland is formed during the third to fourth 
weeks of embryonic development by invagination of prolif-
erating endoderm in the floor of the pharynx at the level of 
the future foramen cecum between the tuberculum impar and 
the copula. This tissue descends in front of the pharyngeal gut 
but remains attached to the tongue by the thyroglossal duct. 
Ectopic thyroid tissue can be found at different levels of the 
duct, from the tongue base to the neck. Failure of descent of 
this epithelial proliferation results in ectopic thyroid.

Hundreds of cases of lingual thyroid have been reported in 
the literature.2,5,14-18 There is marked predilection for females. 
Residual thyroid tissue found in the vicinity of the foramen 
cecum has been reported to be as frequent as 10  percent of 
routine autopsies and clinical biopsies but with equal distribu-
tion among the sexes.19,20

Although recurrence in siblings has been reported, nearly 
all reported cases of lingual thyroid have been isolated. 
Sensorineural hearing loss has been an associated finding in 
a few cases,21 and lingual thyroid has been seen in one case of 
PHACE syndrome.22

Treatment: Surgery is indicated if the lingual thyroid is large 
or if it does not respond to suppressive medical therapy with 

thyroxine or ablation.23 Surgical treatment strategies include 
subtotal resection, endoscopic resection, or endoscopic laser 
therapy.14,24-27 Autotransplantation or transposition of the ecto-
pic thyroid has proven to be a successful method of preventing 
postoperative hypothyroidism.25-27

Prognosis: The prognosis of lingual thyroid is dependent on 
its size, the presence of hemorrhage or airway compromise, 
and the development of malignancy. Carcinoma developing 
in lingual thyroid has been reported in several instances.28-30 
Airway obstruction, especially in children, has been observed 
in several cases.6-10 Dysphagia, dysphonia, hypothyroidism, 
and rarely hemorrhage have also been described, and myx-
edema can develop after surgical removal of the lingual thyroid 
if there is no orthotopic gland.1,2
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Fig. 18.16.3 A and B: 131I scintigraphy in frontal and lateral planes showing a functional lingual thyroid at tongue base and absence of functional thyroid at normal 
site. C: Biopsy material from a lingual mass shows thyroid tissue covered by normal-appearing mucosa. (From van der Wal et al., Int J Oral Maxillofac Surg 
15:431, 1986.)
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19 | TEETH

HITESH KAPADIA*

INTRODUCTION

The presence of a complete and functional dentition is critical 
to the overall health and well-being of an individual. In fact, 
the size, shape, color, and alignment of teeth are determin-
ing characteristics of facial expression and impart uniqueness 
to each human. While there is good left-right symmetry in 
human dentition, anterior-posterior and buccal-lingual sym-
metries are highly variable.

Teeth are described in terms that reflect their position, 
function, or morphology (Fig. 19.I.1).1 The shape of each tooth 
is closely adapted to its function. The incisors are shovel-shaped 
with thin, flat edges that are used for biting or incising. The 
canines are used for tearing tough food. The premolars with 
their sharp cusps are used for shredding. The molars, each with 
four to five flat cusps, are used for grinding the shredded food 
passed backward from the premolars.

There are 20 deciduous teeth and 32 permanent teeth (Fig. 
19.I.1). The deciduous complement consists of two incisors, 
one canine, and two molars in each quadrant (a quadrant is half 
an arch). The permanent complement consists of two incisors, 
one canine, two premolars, and three molars in each quadrant. 
In ordinary circumstances, the deciduous teeth are smaller 
than the permanent teeth that will eventually replace them and 
are consequently widely spaced. Permanent teeth that replace 
deciduous teeth are said to be succedaneous (ensuing): the pre-
molars succeed the deciduous molars; the permanent molars, 
having no predecessors, are correctly termed nonsuccedaneous 
teeth. Teeth are composed of crowns and roots (Fig. 19.I.2). 
The crowns comprise the exposed portions of the teeth and are 
covered by enamel. Under the enamel is a thick layer of dentin 
and a soft central core, the pulp chamber.

Malformations of the teeth can be best understood by 
considering tooth development in stages of initiation and 
proliferation, morphogenesis, and matrix apposition. The 
dental lamina initiates tooth development. If the lamina is 
not formed or its early organization is abnormal, initiation 
will not occur and teeth will not develop at all (anodontia). 
If only portions of the lamina are physically disrupted, initia-
tion is disrupted in focal areas and only teeth in that area will 
not develop (hypodontia or oligodontia). Conversely, some 
disruptive factors may cause overactivity of the lamina, result-
ing in hyperdontia (supernumerary teeth). After initiation, the 

separate tooth buds proliferate at their predetermined paces. 
Interference with proliferation also leads to hypodontia.

Histodifferentiation follows the initial steps of prolifera-
tion. Cell types (ameloblasts and odontoblasts, for instance) 
are established during the histodifferentiation stage. If the 
inner dental epithelium does not differentiate properly, it can-
not stimulate odontoblast formation, and tooth development 
will be arrested. If odontoblasts fail to differentiate properly, 
they cannot stimulate ameloblast formation, and no enamel 
will form. Abnormal dental structure, poorly organized and 
formed, results from abnormal differentiation.

Differential growth of parts of the dental organ (mor-
phodifferentiation) accounts for the basic size and shape of 
teeth. Abnormal morphodifferentiation leads to microdontia, 
macrodontia, globodontia, supernumerary cusps, and other 
abnormalities.

Apposition refers to the deposition of the matrix of dentin 
and enamel. Once the cells of the inner dental epithelium have 
stimulated the underlying mesenchyme to form odontoblasts, 
the odontoblasts lay down a layer of predentin. Mineralization 
begins after sufficient predentin is present. The various types 
of dentin dysplasia are probably defects of predentin deposi-
tion. After a small amount of predentin has formed, amelo-
blasts begin to secrete the enamel matrix and continue to do 
so until the predetermined size of the crown has been reached. 
Too little enamel matrix leads to hypoplastic types of enamel 
dysplasia.2 After the enamel matrix is laid down, it is mineral-
ized; disruptions at this stage of development lead to hypocal-
cified types of enamel dysplasia. Maturation of the hard matrix 
follows appositional growth. Interference with maturation 
leads to such manifestations as hypomature forms of enamel 
dysplasia.

A N AT O M I C A L  E M B RY O L O G Y

Teeth arise due to an epithelial-mesenchymal signaling inter-
action between oral epithelium and mesenchyme in the upper 
and lower alveolar ridges derived from neural crest cells.3,4 At 
eight weeks development the dental lamina, a derivative of the 
epithelium, proliferates into the underlying mesenchyme to 
produce 10 dental buds in each jaw. These dental buds then 
invaginate to form a cap stage of development at 10 weeks, 
and each cap has an inner layer, the inner dental epithelium, 

* Acknowledgment is made to Ronald Jorgenson, Rena D’Souza and Alexandre Vieira, authors of this chapter in the first two editions of Human Malformations and 
Related Anomalies, on which this revision is based.
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and an outer layer, the outer dental epithelium. Inside the cap 
lies mesenchyme forming the dental papilla. By 12 weeks, caps 
have continued to grow and their indentations have deep-
ened, such that each tooth takes on the shape of a bell (the bell 
stage). Some mesenchyme of the dental papilla now differenti-
ates into odontoblasts that later produce dentin. Other cells in 
the papilla form the pulp of the tooth. Simultaneously, cells of 
the inner dental epithelium differentiate into ameloblasts that 
form enamel and a small signaling cluster of cells, the enamel 
knot, that regulates early tooth development.

Root formation occurs when dental layers of epithelial cells 
penetrate the mesenchyme to form the epithelial root sheath. 
Mesenchymal cells on the outside of this sheath differenti-
ate into cementoblasts that produce cementum consisting of 

a thin layer of specialized bone. Outside of this layer, mesen-
chyme forms the periodontal ligament that anchors the tooth 
and also functions as a shock absorber. Lengthening of the root 
pushes the crown of the tooth through the overlying tissue lay-
ers into the oral cavity. Eruption of the deciduous teeth usually 
occurs from six to 24  months after birth. Buds for the per-
manent teeth form on the lingual side of the deciduous teeth 
and remain dormant until approximately the sixth year of life, 
when they begin to grow and aid in shedding the milk teeth.

M O L E C U L A R  E M B RY O L O G Y

The inductive epithelial-mesenchymal interactions that shape 
tooth development involve the BMP, FGF, SHH, and WNT 
signaling pathways.5 BMP signaling from the oral epithelium 
antagonizes FGF signaling, which in part establishes the site 
of tooth development. Shh expression is thought to stimulate 
proliferation of the placode epithelium, invagination into the 
adjacent mesenchyme, and formation of the epithelial tooth 
bud. Regulation of Shh expression by BMP signaling drives the 
transition from the tooth bud to cap stage, and induction of 
the enamel knot. While WNT signaling is known to regulate 
tooth number, the precise mechanism has yet to be resolved. 
Cooperatively, these signaling pathways activate a series of 
homeobox transcription factors, including several in the MSX 
and DLX families that have been postulated to direct the for-
mation of specific tooth types. NOTCH signaling also regulates 
tooth development, specifically molar shape and cusp number. 
TGF-β/SMAD regulation of Nfic is required for root dentin 
formation and development.6 While epithelial-mesenchymal 
crosstalk is known to be involved in development of the 
root, details of the specific molecular mediators remain to be 
elucidated.7
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19.1 ABSeNCe OF ONe OR MORe TeeTh

(Tooth Agenesis, Hypodontia, Oligodontia, Anodontia)

Definition: Congenital lack of one or more of the deciduous or permanent teeth. Oligodontia is the term used for agenesis 
of six or more permanent teeth. Absence of less than six teeth is termed hypodontia. Anodontia refers to the absence of all 
deciduous and permanent teeth.

ICD9/ICD10: 520.0/K00.0 Syndrome Associations (Appendix)
Ectodermal dysplasia 1 (ED1)
Ectodermal dysplasia 3 (EDAR)
Ectodermal dysplasia, 
hypohidrotic-hypothyroidism-agenesis of the corpus 
callosum
Ectrodactyly-ectrodermal dysplasia-clefting 
(EEC1, TP63)
Johnson-Blizzard (UBR1)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
KBG
Oculodentodigital (GJA1)
Oculofaciocardiodental (BCOR)
Oculofaciodigital I (CXORFS)
Ulnar-mammary (TP63)
Van der Woude (IRF6, GRHL3)
Witkop (MSX1)

Birth prevalence: 1/4 – 1/10

Associated anomalies: microdontia, orofacial clefting

Laboratory studies: radiographs

Prenatal diagnosis: theoretical for anodontia

Cause: sporadic, Mendelian (AR, AD, XL), occasionally 
chromosomal

Absence of one or more teeth is the most common devel-
opmental anomaly in humans.1-4 Absence of lateral incisors, 
second premolars, and third molars are most common, with 
10–25  percent of the population affected.1,3-6 Females are 
more often affected, in a ratio of 3:2. Isolated tooth agenesis 
is transmitted as autosomal dominant, autosomal recessive, 
and X-linked traits, but it also occurs with no clear segre-
gation pattern.1,7,8 Affected members within a family often 
exhibit significant variability with regard to the location, sym-
metry, and number of teeth involved. Residual teeth can vary 
in size, shape, or rate of development. Permanent dentition is 
more often affected than the primary dentition (Fig. 19.1.1). 
Absence of one or more teeth also occurs as a manifestation of 
a number of syndromes.

Mutations in MSX1 and PAX9 have been associated with 
tooth agenesis, but those mutations probably cause only a very 
few cases (Table 19.1.1).9-13 However, the pattern of tooth agen-
esis from these mutations is remarkable, with PAX9 mutations 
causing preferential agenesis of molars while MSX1 mutations 
cause preferential agenesis of second premolars and third 
molars. The majority of the tooth agenesis cases are probably 
multifactorial with many genes involved.

Animal models suggest that specific genetic factors might 
be involved with specific types of teeth during development. 
Mice with targeted null mutations of both Dlx-1 and Dlx-2 
homeobox genes do not develop maxillary molar teeth, but 
the incisors and mandibular molars are normal. In contrast, 

among mice with mutant activin βA (a member of the trans-
forming growth factor β superfamily) incisors and mandibular 
molar teeth fail to develop beyond a rudimentary bud, whereas 
maxillary molar teeth develop normally. The mice lack whis-
kers and have defects of the secondary palate, including cleft 
palate.

Treatment: The number and type of missing teeth, as well 
as individual skeletal proportions and esthetic considerations, 
generally dictate treatment regimens. Therapy is phasic, com-
plicated, and lengthy, involving at least two dental specialists. 
Orthodontic appliances are ideal for the repositioning of exist-
ing teeth and the consolidation of space for either a fixed or 
removable prosthesis. However, when several teeth are miss-
ing, as seen in molar oligodontia, orthodontic correction is fol-
lowed by bone augmentation procedures to increase the bone 
mass prior to the placement of implants. With the exception of 
syndromal cases of anodontia, molar oligodontia presents with 
the most severe of dental complications.

Prognosis: Unless agenesis of one or more teeth is associated 
with a syndrome, prognosis is good. The unavoidable dental 
consequences of tooth agenesis include malocclusion due to 
improper position of the teeth, deficient growth of the alveo-
lar processes associated with the missing teeth, and excess 
space within the dental arches. The availability of space results 
in drifting, tipping, and supra-eruption of the adjacent or 
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opposing teeth. In molar oligodontia, the functional atrophy 
in alveolar ridge height is easily recognizable. Syndromal and 
nonsyndromal forms of tooth agenesis that involve multiple 
teeth result in significant esthetic, emotional, and financial 
burdens placed on families faced with the ordeal and costs 
associated with restoring the dentitions of affected family 

members. Although clinicians have long observed hypodontia 
and oligodontia, the early diagnosis, preventive, or interceptive 
dental measures and treatment options for this condition have 
been extremely limited.
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TABLE 19.1.1  Gene Loci and Genes Involved in Isolated Tooth 

Agenesis

PheNOTYPe

CAUSATION

GeNe/LOCUS

Hypodontia Polygenic
Possibly MSX1, PAX9, 
TGFA, others

Hypodontia with anomalous shape of pulp 
chambers and pulp canals

AR (602639)
16q12.1

Oligodontia with preferential agenesis of 
second premolars and third molars

Sporadic (106600)
PAX9, 14q12-q13

Oligodontia with preferential agenesis of 
second premolars and third molars

AD (106600)
MSX1, 4p16.1

Oligodontia with preferential molar agenesis AD (106600)
PAX9, 14q12-q13

Oligodontia with preferential molar agenesis AD (106600)
MSX1, 4p16.1

Severe oligodontia including deciduous and 
permanent molar agenesis

AD (106600)
PAX9, 14q12-q13

Fig. 19.1.1 Congenitally missing teeth. Intraoral photographs and panoramic radiographs from a normal 11-year-old male (A,B,C) and his 19-year-old affected 
brother (D,E,F). A,B,C: Normal mixed primary and permanent dentition. Note the impacted maxillary central incisor and the presence of permanent first and 
second molars (arrows). Crowns shown in B were placed on the primary molars after the radiograph was taken. D,E,F: Affected individual with the following 
anomalies: peg-shaped lateral incisors: reduced mesiodistal widths and conical shape of permanent teeth; overretained primary second molars and mandibular 
central incisors. Notably, permanent mandibular central incisors and all permanent tetth distal to the first premolars are congenitally missing (solid arrows).
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19.2 MACRODONTIA

(Megadontia, Megalodontia, Macrodontism)

Definition: A tooth that is much larger than its contralateral homolog or teeth from the same group from an opposing arch 
(the maxillary central incisors are exceptions).

ICD9/ICD10: 520.2/K00.2 Syndrome Associations (Appendix)
KBG
Polydactyly, postaxial-dental and vertebral anomalies
Oculofaciocardiodental (BCOR)
Hemihyperplasia
Klinefelter, 47, XXY
47, XYY

Birth prevalence: 1/50 to 1/3,000

Associated anomalies: supernumerary teeth and others

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: disturbances in morphodifferentiation stage of 
tooth development

Macrodontia is diagnosed by simple observation or measure-
ment and comparison with standards for tooth size (Table 
19.2.1).1 The tooth may appear to “overfill” its space in the den-
tal arch, crowds out adjacent teeth, is rotated to accommodate 
its size, or has an exaggerated dimension. Fused teeth (join-
ing of two teeth by the pulp tissue and dentin) and gemination 
(budding of a second tooth from one tooth germ) might fit 
well into the latter category.

Macrodontia can occur as an isolated trait but can also be 
accompanied by other dental anomalies or occur as part of a 
syndrome.2-7 Persons with supernumerary teeth present signif-
icantly larger teeth compared to the general population. Males 
are more frequently affected than females.2

Treatment: Treatment for macrodontia includes contour-
ing the affected tooth to the appropriate size and shape. 
Orthodontic treatment may be indicated to correct any dental 
malocclusion resulting from macrodontia.

Prognosis: There are no morbid features associated with 
isolated macrodontia. Malalignment of adjacent teeth and 
malocclusion can occur, depending on the size and extent of 
macrodontia.
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in monozygotic twins discordant for hemihypertrophy. J Med Genet 
40:223, 2003.

TABLE 19.2.1  Average Sizes of Permanent and Deciduous Teeth

PeRMANeNT DeCIDUOUS

heIGhTA WIDThB heIGhTA WIDThB

MAXILLARY

Central incisors 10.5 8.5 X 7.0 6.0 6.5 X 5.0

Lateral incisors 9.0 6.5 X 6.0 5.6 5.0 X 4.0

Canines 10.0 7.5 X 8.0 6.5 7.0 X 7.0

First premolars 8.5 7.0 X 9.0 - -

Second premolars 8.5 7.0 X 9.0 - -

First molars 7.5 10.0 X 11.0 5.1 7.3 X 8.5

Second molars 7.0 9.0 X 11.0 5.7 8.2 X 10.0

Third molars 6.5 8.5 X 10.0 - -

MANDIBULAR

Central incisors 9.0 5.0 X 6.0 5.0 4.2 X 4.0

Lateral incisors 9.5 5.5 X 6.5 5.2 4.1 X 4.0

Canines 11.0 7.0 X 7.5 6.0 5.0 X 4.8

First premolars 8.5 7.0 X 8.0 - -

Second premolars 8.0 7.0 X 8.0 - -

First molars 7.5 11.0 X 10.5 6.0 7.7 X 7.0

Second molars 7.0 10.5 X 10.5 5.5 9.9 X 8.7

Third molars 7.0 10.0 X 9.5 - -

aHeight of crown in mm
bMesiodistal width X buccolingual (buccopalatal) width in mm

Modified from Renner1
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19.3 MICRODONTIA

Definition: A tooth that is much smaller than its contralateral homolog or a tooth of the same group from an opposing arch 
(mandibular central incisors are exceptions).

ICD9/ICD10: 520.2/K00.2 Syndrome Associations (Appendix)
Cranioectodermal dysplasia (IFT43)
Ectodermal dysplasia 1 (ED1)
Ectodermal dysplasia, 
hypohidrotic-hypothyroidism-agenesis of the corpus 
callosum
Immunoosseous dysplasia, Schimke type (SMARCAL1)
Johanson-Blizzard (UBR1)
Microcephalic osteodysplastic dwarfism, type II
Oculodentodigital dysplasia (GJA1)
Symphalangism, Kantaputra type

Birth prevalence: 1/15 to 1100

Associated anomalies: tooth agenesis, orofacial clefts

Laboratory studies: none

Prenatal diagnosis: none

Cause: sporadic, Mendelian (AR, AD, XL), multifactorial

Microdontia is diagnosed by simple observation or measure-
ment.1-3 Standards for tooth size are available (Table 19.2.1), 
but microdontia is usually determined subjectively. The small 
tooth may fail to fill its space or may appear small because of 
unusual shape (peg, conical, tapered).

Microdontia may affect only a few teeth, usually homol-
ogous teeth such as the maxillary lateral incisors, or may be 
generalized. It may be an isolated trait, may be associated with 
tooth agenesis or orofacial clefts, or may be one feature of a 
syndrome.4-12 It is likely that microdontia is a variable expres-
sion of tooth agenesis and therefore is probably multifactorial 
in etiology. The more severe the tooth agenesis the smaller 
the size of the tooth formed.3 Individuals with agenesis of 
one upper lateral incisor present have a 13-fold increased risk 
of having microdontia involving the contralateral upper lat-
eral incisor. Also, cases with molar agenesis have a four-fold 
increased risk of having microdontia involving an upper lat-
eral incisor. The suggestive association between molar agenesis 
and microdontia of the upper lateral incisor provide evidence 
that incisors and molars share some developmental genetic 
mechanisms, which appear to be independent from those that 
regulate premolar development.13 This is in agreement with 
the pattern of tooth agenesis seen from the mutations in PAX9 
and MSX1 in humans. PAX9 mutations cause oligodontia with 
preferential agenesis of molars, while MSX1 mutations cause 
oligodontia with preferential agenesis of second premolars and 
third molars.14

Treatment: Treatment usually consists in reshaping the tooth 
with composite resin or crowning. There are no useful preven-
tive measures for microdontia.

Prognosis: There are no morbid features associated with 
isolated microdontia. Malalignment of adjacent teeth and 

malocclusion may occur, depending on the site and extent of 
microdontia.
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19.4 SUPeRNUMeRARY TeeTh

(Hyperdontia)

Definition: The presence of more than the normal complement of 20 deciduous and 32 permanent teeth.

ICD9/ICD10: 520.0/K00.1 Syndrome Associations (Appendix)
Cranioectodermal dysplasia (RUNX2)
Gingival fibromatosis-hearing loss-supernumerary teeth
LEOPARD (PTPN11)
Oral-facial-digital-retinal anomalies
Orofaciodigital, types I, III (OFD1)
Steroid dehydrogenase deficiency
Trichorhinophalangeal types I, II (TRPS1)

Birth prevalence: primary dentition: 1/100 – 1/300, 
permanent dentition: 1/25 – 1/90

Associated anomalies: macrodontia, orofacial clefts

Prenatal diagnosis: none

Cause: disruption of initiation and proliferation stages of 
tooth development

Supernumerary teeth can be diagnosed by the actual count, 
clinically or radiographically. Teeth in excess of the normal 
complement are named according to their location: mesiodens 
are located on the palatal side of the maxillary central inci-
sors; supernumerary canines and premolars are located at the 
normal sites for such teeth; paramolars are located buccal to 
the first, second, and third molars; and distomolars (fourth 
molars) are located distal to the third molar in line with the 
dental arch. There may also be lingual, intradental, and inter-
radicular supernumerary teeth. Supernumerary teeth may be 
fused with teeth in the normal complement. Supernumerary 
teeth can present as the only phenotypic feature (isolated), in 
association with other anomalies (such as tooth agenesis or 
orofacial clefts), or as part of a syndrome.1-11

There is evidence that related etiologic factors contrib-
ute to supernumerary teeth, tooth agenesis, and orofacial 
clefts.3,12,13 The majority of supernumerary teeth are found in 
the maxilla, and most require extraction. Differences in the 
mesiodistal width of central incisors, depending on unilateral 
or bilateral occurrence of mesiodens, and the report of gemi-
nation of a deciduous incisor on the same side of a mesiodens 
both support the theory of a split in the tooth bud inducing 
the development of supernumerary teeth rather than of a local 
hyperactivity of the dental lamina.12 Single and double super-
numeraries occur in 90 percent of cases, and multiple super-
numeraries occur in 10 percent of cases.14

Treatment: Supernumerary teeth may interfere with the 
eruption of teeth in the normal complement or may cause 
their malalignment. They are easily extracted, even if they are 
impacted. There are no preventive measures.

Prognosis: Unless they are features of a syndrome, prognosis 
is good.
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19.5 ABNORMALITIeS OF TOOTh ShAPe

(Globodontia, Talon Cusp, Supernumerary Cusp, Dens Invaginatus, Shovel-Shaped Incisors, Root Dilaceration, Supernumerary 
Root, Taurodontia)

Definition: Abnormal shape of crowns or roots of teeth.

ICD9/ICD10: 520.2/K00.2 Syndrome Associations (Appendix)
Abnormal Incisor Shape
Cataract-dental
Incontinentia pigmenti (IKBKG)
Orofaciodigital II
Rubinstein-Taybi (CREBBP)
Sturge-Weber
Klinefelter, 47, XXY
47, XYY
Trisomy 21
Congenital syphilis
Globodontia/Sypernumerary Cusps
Cartilage-hair dysplasia (RMRP)
Otodental dysplasia
Rothmund-Thomson (RECQL4)
Taurodontia
Ackerman
Apert (FGFR2)
Axenfeld-Rieger (PITX2, FOXC1)
Basal-cell nevus (PTCH2)
Dyschondrosteosis (SHOX)
Dyskeratosis congenita (DKC1, TERT, TINF2, RTEL1, 
NOLA1, NOLA2, TCAB1)
Ectodermal dysplasias (ED1, EDAR)
Fragile X (FMR1)
Orofaciodigital I (OFD1, CXORF5)
Otodental dysplasia
Trichodentoosseous (DLX3)
Klinefelter, 47, XXY
49,XXXXY
Trisomy 21

Birth prevalence: varies by type of anomalous tooth 
shape

Associated anomalies: tooth agenesis, supernumerary 
teeth, microdonita or macrodontia

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: sporadic, chromosomal, Mendelian

The crown of a tooth may be distorted with the loss of the 
usual cusp and groove relationships (globodontia), abnormal 
or supernumerary cusps (referred to as talon cusps for inci-
sors and canines and supernumerary cusps for premolars and 
molars), invaginations (dens invaginatus), or other unusual 
form (shovel-shaped incisors). Roots may be short or bent 
(dilacerated) or there may be supernumerary roots.1,2 The 
pulp chambers can be vertically enlarged (taurodontia).2-4 
Abnormalities of crown shape are determined clinically. 
Dilacerated and supernumerary roots and taurodontia can be 
identified with radiographs.

Talon cusps, supernumerary cusps, dens invaginatus, 
shovel-shaped incisors, dilacerations, supernumerary roots, 
and taurodontia may occur as isolated traits or be associated 
with tooth agenesis, supernumerary teeth, microdontia, or 
macrodontia. More than one abnormality of tooth shape can 
coexist in the same individual. Abnormalities of tooth shape 
have been described in a number of syndromes.2,5-8 Short stat-
ure often accompanies abnormalities of tooth shape.2,8-10

Globodontia can be the only obvious manifestation of oto-
dental dysplasia, an autosomal dominant trait that presents 
with sensorineural hearing loss and dental anomalies.5 It also 
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occurs as a component of Rothmund-Thomson syndrome and 
cartilage-hair dysplasia.

The etiology of supernumerary cusps is unknown, although 
the differences in the prevalences of such abnormality among 
males and females suggest a multifactorial trait (male:female 
ratio  =  1:2). Supernumerary cusps have a prevalence in the 
population as high as 47.6 percent.11

Dens invaginatus is probably a multifactorial trait with 
higher frequencies in those of Chinese, Japanese, Native 
Americans, and Eskimos, compared to European and African 
descents.12 Shovel-shaped incisors are more common among 
Native Americans, Inuit, and Asian populations (60 percent to 
75 percent) compared to other ethnic groups, and it is prob-
ably a multifactorial trait.13

The cause for dilacerated and supernumerary roots is 
unknown; however, roots can be dilacerated as a consequence 
of trauma to erupting teeth. Supernumerary roots may be 
due to the disturbances of the Hertwig epithelial root sheath 
forming the root.1,14 Taurodontia can be caused by a delay in 
the formation of horizontal extensions of Hertwig epithelial 
root sheath, whose invagination determines the position of 
the pulpal floor. Taurodontia has been reported in 0.5 percent 
of Japanese, 0.57  percent to 3.2  percent those of European 
descent, and 4.37  percent of those of African descent. It is 
probably a multifactorial trait, although there have been a few 
reported families in which it appears to be transmitted in an 
autosomal dominant fashion.15

Treatment: None of the abnormalities discussed above is 
morbid or progressive. At most, they complicate certain types 

of dental treatment such as endodontics (root canal therapy) 
and extractions.
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19.6 eNAMeL DYSPLASIA

(Amelogenesis Imperfecta)

Definition: Abnormality in the quality or quantity of enamel formation. Many environmentally related factors can also 
contribute to alterations of enamel.

ICD9/ICD10: 520.4/K00.4 Syndrome Associations (Appendix)
Amelocerebrohypohidrotic
Ameloonychohypohidrotic
Ectodermal dysplasia, Basan type
Ectrodactyly, ectodermal dysplasia, clefting (TP63)
Epidermolysis bullosa (ITGB4, ITGA6, PLEC1)
Focal dermal hypoplasia (PORCN)
Morquio
Oculo-dento-osseous dysplasia
Pseudohypoparathyroidism
Trichodentoosseous (DLX3)
Tuberous sclerosis (TSC1, TSC2)
Vitamin D-dependent rickets

Birth prevalence: 1/1,500

Associated anomalies: variable

Laboratory studies: gene sequencing

Prenatal diagnosis: gene sequencing if mutation is 
known

Cause: multifactorial, Mendelian, environmental



556 |  h U M A N  M A L F O R M AT I O N S  A N D  R e L AT e D  A N O M A L I e S

Amelogenesis imperfecta (AI) is a collective term used to 
describe a group of conditions that demonstrate developmental 
alterations in enamel structure without systemic involvement. 
AI results from disturbances in secretion of an organic enamel 
matrix, mineralization of the matrix, or maturation of the 
enamel. Although a number of classification systems currently 
exist, the most widely accepted was proposed by Witkop and is 
based predominantly on the observed phenotype.1 Four major 
types of AI have been identified based on clinical and histolog-
ical characteristics of enamel: (1) hypoplastic, (2) hypomatu-
ration, (3) hypocalcified, and (4) hypomaturation-hypoplastic 
(Fig 19.6.1). These four major groups are further subdivided 
into 15 subtypes based on phenotype and by mode of inheri-
tance (Table 19.6.1).2,3

Enamel is the hardest calcified structure in vertebrates 
and covers the crowns of the teeth. It varies from 2  mm to 
3  mm in thickness over the bulkiest parts of the cusp to a 
knife-edge thickness at the cementoenamel junction. Because 
enamel is acellular it is nonvital and cannot regenerate except 
by superficial remineralization. The latter occurs as a result of 
an exchange of mineral ions that takes place on the surface of 
enamel. Enamel varies from translucent to yellow-grey in color, 
but most of the hue of enamel-covered crowns is the result of 
the dentin being visible through the enamel. Teeth that have a 
thin layer of enamel appear more yellow, reflecting the color of 
dentin. This is common in individuals of Asian descent.

H Y P O P L A S T I C   A I

Seven types of hypoplastic AI have been described.4 They 
are all characterized by an inadequate deposition of enamel 

matrix. Smooth hypoplastic AI may be inherited as an autoso-
mal dominant trait or as an X-linked dominant one. In auto-
somal dominant AI, the enamel is thin, smooth, and white, 
and contrasts with the dentin on radiographs. The teeth are 
small and somewhat conical. In the X-linked dominant type, 

Fig. 19.6.1 Amelogenesis imperfecta. A: Intraoral photograph of patient 
afflicted with amelogenesis imperfecta. Note the small crown size of the 
permanent teeth (arrow) and consequent open contacts (*). B: Radiograph of 
the affected teeth, revealing generalized enamel agenesis on erupted as well 
as unerupted teeth.

TABLE 19.6.1  Classification of Amelogenesis Imperfecta2

TYPe PATTeRN SPeCIFIC FeATUReS INheRITANCe GeNeTIC DeFeCT

IA Hypoplastic Generalized pitted AD Unknown

IB Hypoplastic Localized pitted AD (104500) Enamelin (ENAM)

IC Hypoplastic Localized pitted AR (204650) Unknown

ID Hypoplastic Diffuse smooth AD (104500) Enamelin (ENAM)

IE Hypoplastic Diffuse smooth XLD (300391) Amelogenin(AMELX)

IF Hypoplastic Diffuse rough AD Unknown

IG Hypoplastic Enamel agenesis AR Unknown

IIA Hypomaturation Diffuse pigmented AR (204700) Unknown

IIB Hypomaturation Diffuse XLR (301100) Amelogenin (AMELX)

IIC Hypomaturation Snow capped X-linked Unknown

IID Hypomaturation Snow capped AD? Unknown

IIIA Hypocalcified Diffuse AD Unknown

IIIB Hypocalcified Diffuse AR Unknown

IVA Hypomaturation-hypoplastic Taurodontism AD (104510) Unknown

IVB Hypoplastic-hypomaturation Taurodontism AD Unknown
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the enamel in males is thin, smooth, and brown, and contrasts 
with the dentin on X-rays, while the enamel in females shows 
alternate vertical bands of normal and abnormal enamel.

Rough hypoplastic AI is inherited in an autosomal domi-
nant manner. The enamel is thin, rough, and yellow-brown, 
and contrasts with dentin on radiographs.

There are two types of pitted hypoplastic AI. In one type, 
the pitting is inherited in an autosomal dominant manner and 
is generalized, although vertical orientation of the pits may be 
seen and the labial surfaces are more frequently pitted than 
the lingual surfaces. In the other type, the pitting is limited to 
the middle third of the crown and is distributed horizontally. 
This pattern of localized pitting has been characterized in cases 
inherited in both an autosomal dominant and recessive fash-
ion.5 In the autosomal recessive enamel agenesis pattern, there 
is a total lack of enamel formation. The surface of the dentin is 
rough, and an anterior open bite is occasionally seen.1

H Y P O M AT U R AT I O N   A I

In hypomaturation AI, the deposition and initial mineraliza-
tion of the enamel matrix is normal. There is, however, a defect 
in the maturation of the enamel structure. To date, four types 
of hypomaturation AI have been described. Pigmented hypo-
mature AI may be inherited as an autosomal recessive or an 
X-linked recessive trait. The enamel in males with either type 
is normally thick, yellow-brown, and soft, and does not con-
trast with the dentin on radiographs. The enamel in females 
with the autosomal recessive form is identical to that in males. 
By contrast, the X-linked recessive form in females shows 
alternate vertical bands of normal and hypomature enamel. 
Localized hypomature AI, typically inherited as an autosomal 
dominant trait, is believed to also occur as an X-linked trait. It 
is characterized by white, opaque enamel over the incisal and 
occlusal two-thirds of the teeth. The distribution of the defect 
is horizontal, contrary to the normal vertical distribution 
observed in other genetic dysplasias, leading to the descriptive 
term snow-capped teeth.

H Y P O C A L C I F I E D   A I

In the hypocalcified form of AI, the enamel matrix is deposited 
normally but fails to mineralize to any significant extent. Two 
types of hypocalcified AI have been identified. One is inher-
ited as an autosomal dominant trait and the other as auto-
somal recessive. The enamel of both types is normally thick, 
yellow-brown, friable, and appears moth-eaten on radio-
graphs. Autosomal dominant hypocalcified AI accounts for 
40 percent of all cases.

H Y P O M AT U R AT I O N / H Y P O P L A S T I C   A I

The hypomaturation/hypoplastic form of AI demonstrates 
both enamel hypoplasia and hypomaturation. Although the 
two identified patterns are similar, they are differentiated by the 
thickness of enamel and the overall tooth size. The hypomatu-
ration/hypoplastic pattern is characterized by enamel hypo-
maturation, where the enamel appears mottled yellow-white 

to yellow-brown. This is accompanied by varying degrees of 
taurodontism. The hypoplastic/ hypomaturation form of AI 
has thin enamel as a hallmark feature and also demonstrates 
hypomaturation.

Hereditary dysplasias typically affect all the teeth of both 
dentitions, although there are exceptions. In instances where 
genetic dysplasias localize, the resulting defect is in a vertical 
direction because of the manner in which amelogenesis occurs 
(apex to occlusal direction).6

The complexity of the diagnosis for amelogenesis imper-
fecta implies genetic heterogeneity. There are currently two 
genes implicated in the pathogenesis of AI. The first genetic 
association was the discovery of the amelogenin gene in the 
p21.1-22.3 region of the X chromosome. The second defect 
was found in the enamelin gene on chromosome 4q21. Both of 
these genes encode proteins that contribute to the formation of 
the enamel matrix during amelogenesis. As advances are made 
in determining the genetic etiology of the various forms of AI, 
a classification system based on the specific molecular defect 
rather than the observed phenotype may emerge.3

E N V I R O N M E N TA L LY  I N D U C E D  D E F E C T S

Environmental defects affecting enamel typically manifest as 
hypoplasia, diffuse opacities, or demarcated opacities. Since 
environmental factors affect only the teeth that are develop-
ing at the time of the insult, few teeth or only one dentition 
may be involved. The affected enamel may be localized or 
present on many teeth, with varying degrees of involvement 
on each affected tooth. A common pattern seen in environ-
mental dysplasias with an insult of short duration is that of 
dysplastic, horizontal bands of enamel, which can be cor-
related to the stage of tooth development at the time of the 
insult.

So-called natal dysplasias of enamel present as horizontal 
bands of enamel hypocalcification, hypomaturation, or hypo-
plasia and may be present across the surfaces of teeth that are 
developing at the time of birth (the middle third of the decidu-
ous incisors and cuspids and tips of the canines and molars). 
The trauma of birth or the physiologic changes that occur at 
birth are responsible for these lines.

Severe vitamin D deficiency and excessive intake of flu-
ids can cause enamel dysplasia in the typical horizontal 
distribution.

Serious childhood illness and prolonged debilitative dis-
orders are capable of causing a pattern of enamel dysplasia. 
The extent of the dysplasia (width of the dysplastic horizon-
tal line) reflects the duration of the disease, and the pattern 
of the dysplasia (number and type of teeth affected) reflects 
the approximate age at the time of the disease. Other acquired 
causes of enamel dysplasia include trauma to deciduous teeth, 
periapical inflammation or abscess, therapeutic radiation, and 
chemotherapy.

Treatment: Whether it is genetic or environmental in eti-
ology, enamel dysplasia is easily and successfully treated, 
albeit the necessary restorative dentistry may be expensive. 
Sealants, composite restorations, crowns, and other restorative 
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techniques work well and are used interchangeably, depending 
on the site and extent of the dysplasia.

Prognosis: Enamel dysplasia, while not inconsequential, has 
a generally good prognosis. Other tooth layers are not affected, 
and the teeth can be maintained for a lifetime.
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19.7 DeNTIN DYSPLASIA

Definition: Abnormal formation of dentin.

ICD9/ICD10: 520.5/K00.5 Syndrome Associations (Appendix)
Osteogenesis imperfecta (COL1A1, COL1A2, FKBP10, 
CRTAP, LEPRE1, CYPB, SP, SERPINH1, IFTM5)Birth prevalence: 1/6,000 – 1/8,000

Associated anomalies: microdontia, anomalies of tooth 
shape, pigmentary dysplasia, physiologic dysplasia

Laboratory studies: gene sequencing

Prenatal diagnosis: gene sequencing if mutation is 
known

Cause: Mendelian

Dentinogenesis imperfecta (DI) refers to one of the inherited 
dentin dysplasias that presents without a systemic component. 
The types of DI can be differentiated by clinical and radiographic 
features (Table 19.7.1, Fig. 19.7.1).1,2 In classical DI (DI-IA), the 
teeth are yellow-brown to blue-gray in color and appear translu-
cent. The crowns are bulbous because of an exaggerated constric-
tion at the cementoenamel junction. The pulp chambers of some 
primary teeth and all secondary teeth are obliterated by atypical 
dentin. The obliteration is progressive, beginning before erup-
tion and continuing afterward. The roots are excessively tapered 
and foreshortened. Histopathologic studies reveal absence of 
extensions of dentinal tubules into the enamel, smooth (not scal-
loped) dentin-enamel junctions, and abnormal dentinal tubules.

The dentin constitutes the bulk of the tooth. It is a living 
tissue that has many of the physical and chemical properties 
of bone. The dentin is yellow in color and far less brittle than 
the enamel. The formation of dentin follows the same prin-
ciples that guide the formation of other hard connective tissues 
in the body, namely, cementum and bone. The first require-
ment is the presence of cells that can synthesize and secrete 
a highly specialized organic matrix that is capable of accept-
ing biological apatite or mineral.3 Other prerequisites include 
a rich vascular supply and high levels of the enzyme alkaline 
phosphatase. Dentin-forming cells or odontoblasts begin to 
secrete a predentin extracellular matrix (ECM). They retreat 
in a pulpal direction but remain connected to the matrix as 

TABLE 19.7.1  Classification of Dentinogenesis Imperfecta

TYPe FeATUReS ALTeRNATIVe CLASSIFICATION GeNeTIC DeFeCT

IA Obliterated appearance, obliterated pulps, 
exaggerated coronal constriction

Shields II (125420) Dentin sialophosphoprotein (DSPP)

IB Similar to IA, but pulp chambers of deciduous 
teeth are enlarged

DI Brandywine type, Shields III (125500) Likely dentin matrix acidic 
phospho-protein-1 (DMP1)

II Obliterated pulp (crescent-shaped radiolucencies), 
foreshortened roots, premature loss of teeth

Dentin dysplasia I (125400) Unknown

III Opalescence of deciduous teeth, thistle-tube pulp 
chambers

Dentin dysplasia II, pulpal dysplasia 
(125420)

Dentin sialophosphoprotein (DSPP)

IV Obliterated pulps, fibrous dentin Fibrous dysplasia of dentin Unknown
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it is being formed through cell extensions called odontoblas-
tic processes. The organic predentin matrix is converted into a 
mineralized layer of dentin through a highly complex process 
that begins some distance away from the odontoblastic cell 
bodies. The outermost layer of dentin, which is the first layer 
to be formed, is the mantle dentin; the remainder is the cir-
cumpulpal dentin.4,5

In DI-IB, the teeth are also yellow-brown to blue-gray 
in color and appear translucent. Crown shape is like that of 
DI-IA, but the pulp chambers of primary teeth, rather than 
being obliterated, are excessively large. There is very little den-
tin, with most of the pulp-like inner portion of the teeth con-
sisting of coarse collagen bundles.

In DI-II, also called radicular dentin dysplasia or “root-
less teeth,” the crowns are normal in color and shape. 
The pulp chambers are virtually obliterated, but there are 
crescent-shaped radiolucencies in the central portions of the 
teeth. The roots are virtually absent, leading to premature 
“loosening” and loss of teeth. There are also multiple periapi-
cal radiolucencies around most roots. Histopathologic studies 
reveal that in fact the pulp is absent, having been replaced by 
regularly formed, eumorphous concretions.

In DI-III, also termed coronal dentin dysplasia, the color of 
the crowns of the primary teeth resembles that of DI-I, but the 
crowns of secondary teeth are normal in color and shape. On 
radiographs the pulp chambers of affected teeth resemble the 
thistle-tube glassware used in chemistry laboratories. Roots 
are well formed, and there is seldom premature tooth loss.

In DI-IV, the crowns of teeth are also normal in size and 
shape, as are the pulp chambers, but pulpal tissue is obliter-
ated by atypical dentin, and the dentin itself is abnormal in 
histopathologic study.

DI-I is relatively common disorder and has been linked 
to mutations in the dentin sialophosphoprotein gene (DSPP) 
on chromosome 4q21.6 The gene product is cleaved into two 
dentin-specific matrix proteins, dentin sialoprotein (DSP) 
and dentin phosphoprotein. Dentin phosphoprotein (DPP), 
a highly acidic protein, is the major noncollagenous compo-
nent of dentin, being solely expressed by the ectomesenchy-
mal derived odontoblast cells of the tooth. Unique to all of 
the reported cases of DI-I, all patients have a positive family 
history (have affected progenitors), and all patients whose 
ancestry can be traced are descended from the population in a 
particular province in France.

Fig. 19.7.1 Dentinogenesis imperfecta (DGI). A: Intraoral photograph of patient afflicted with DGI. Note the discoloration and extensive loss of tooth structure. 
B: Radiograph of the affected teeth, revealing bulbous crowns, obliterated pulp chambers, and narrowed root canals. (Courtesy of Dr. Nadarajah Vigneswaran, 
University of Texas Health Science Center, Houston, TX.)
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DI-IA is inherited as an autosomal dominant trait, with 
virtually complete penetrance and remarkably little varia-
tion in expression. Variation is so minimal, in fact, that its 
occurrence (e.g., enlarged pulp chambers of primary teeth) 
is evidence that favors the existence of DI-IB. DI-IB is largely 
limited to a triracial isolate in the United States, although it 
has recently been reported among Ashkenazi Jews. Linkage 
analysis revealed the most likely candidate gene for DI-IB 
in a branch of the Brandywine kindred was dentin matrix 
acidic phosphoprotein-1.7 These results again were consis-
tent with the hypothesis that DI-I and DGI-III are allelic 
or the result of mutations in two tightly linked genes, DSPP 
and DMP1.

DI-II is more rare than DI-I, occurring in only one in 
100,000 persons. The mutation rate for the DI-II gene seems 
low, and clinical variation is minimal. While the primary 
defect is unknown, it has been suggested that the epithelial 
component of the root sheath invaginates too early in develop-
ment and causes root aplasia.

DI-III is less common than the other dentin dysplasias, 
having been reported in only a few families. It is an autosomal 
dominant disorder in which mineralization of the dentin of 
the primary teeth is abnormal. On the basis of the phenotypic 
overlap and shared chromosomal location with dentinogen-
esis imperfecta type I, it has been proposed that the two condi-
tions are allelic. A  missense mutation (encoding an aspartic 
acid to tyrosine change) was reported in DSPP in a family with 
dentin dysplasia type II.8 The substitution in the hydrophobic 
signal peptide domain caused a failure of translocation of the 
encoded proteins into the endoplasmic reticulum. It is hypoth-
esized that this would likely to lead to a loss of function of both 
dentin sialoprotein and dentin phosphoprotein.

DI-IV is the rarest of the dentin dysplasias, having been 
reported in a single family as an autosomal dominant trait. The 
primary defect underlying this disorder is unknown.

Pigmentary dysplasia results from the translucent nature 
of overlying enamel and can manifest in a variety of discol-
orations that are unique to the cause. Physiologic dysplasia is 
seen as exaggerated developmental lines on histologic sections.

Treatment and Prognosis: Individuals affected by DI-I 
are prone to lose teeth because the inherent weakness at the 
dentin-enamel junction causes the enamel to fracture, thereby 
exposing the more delicate, underlying dentin to occlusal 
forces and cariogenic agents. Any treatment that protects the 
dentin should prove effective. Stainless steel crowns and other 
types of full crown coverage are adequate. Dental restora-
tions, such as amalgam fillings and gold inlays, are likely to 
fail. Individuals with DI-II lose their teeth because excessive 
mobility leads to periodontal disease or exfoliation. Short of 
extractions and prostheses, treatment is not effective. DI-III 
and DI-IV do not predicate the loss of teeth.
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19.8 ABNORMALITIeS OF TOOTh eRUPTION

Definition: Early, delayed, or lack of tooth eruption. All of these conditions can manifest independently or as a component of 
an underlying disorder.

ICD9/ICD10: 520.6/K00.6 Syndrome Associations (Appendix)
Natal Teeth
GAPO
Osteoglophonic dysplasia
Osteopathia striata-cranial sclerosis
Osteopetrosis (LRP5, CLCNT, GL, TNFSF11, OSTM1, 
TNFRSF11A, PLEKHM1, CA2, TCIRG1)
Delayed Eruption
Aarskog (FGD1)
Acrodysostosis
Albright hereditary osteodystrophy (GNAS)
Apert (FGFR2)
Chondroectodermal dysplasia (Ellis-van Creveld) 
(EVC, EVC2)
Cleidocranial dysplasia (RUNX2, CBFA1)
Cockayne (CSB, ERCC6)
De Lange (NIPBL, SMC1A, SMC3, RAD21, HDAC8)
Dubowitz
Focal dermal hypoplasia (PORCN)
Frontometaphyseal dysplasia (Gorlin- Cohen) (FLNA)
Hunter (IDS)
Incontinentia pigmenti (IKBKG)
Levy-Hollister
Maroteaux-Lamy Mucopolysaccharidosis  
(MPS VI) (ASB)
Osteogenesis imperfecta, type I (COL1A1, 
COL1A2, FKBP10, CRTAP, LEPRE1, CYPB, SP, 
SERPINH1, IFTM5)
Progeria (Hutchinson-Gilford) (LMNA)
Pyknodysostosis (CTSK)
Trisomy 12p

Birth prevalence: 1/3000 (natal teeth)

Associated anomalies: cutaneous, skeletal

Laboratory studies: none

Prenatal diagnosis: none

Cause: normal variation, Mendelian

Ordinarily, the deciduous teeth erupt between ages six months 
and two years in the following sequence: incisors, six to nine 
months; first molars, 12–14 months; canines, 16–18 months; 
and second molars, 20–24 months. The permanent teeth ordi-
narily erupt between ages six and 21  years in the following 
sequence: first molars and lower central incisors, six to seven 
years; lower lateral incisors, seven to eight years; upper lateral 
incisors, eight to nine years, lower canines, nine to 10 years, 
premolars, 10–12  years, upper canines, 11–12  years, second 
molars, 12–13  years; and third molars, 17–21  years. Small 
variations from these eruption patterns are common and may 
even be familial. Teeth in females generally erupt earlier than 
those in males.

Natal teeth are present at birth or erupt within the first month. 
While natal teeth are most commonly lower central incisors, 
other teeth may erupt early or the natal teeth may be supernumer-
ary (predeciduous). Natal teeth may be inherited in an autosomal 
dominant fashion.1,2 Natal teeth are found in cyclopia, Ellis-van 
Creveld syndrome, Hallermann-Streiff syndrome, pachyonychia 
congenita, Pallister-Hall syndrome, short rib-polydactyly type II, 
and Wiedemann-Rautenstrauch syndrome.

Delays in tooth eruption are most commonly attributed 
to mechanical interferences caused by supernumerary teeth, 
crowding, soft tissue impaction, or odontogenic tumors and 
cysts. Ankylosis typically occurs after partial eruption of the 
tooth into the oral cavity and is defined as fusion of cementum 
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or dentin to alveolar bone due to cellular changes in the peri-
odontal ligament caused by trauma and other pathologies. 
When the tooth becomes ankylosed, it appears to submerge in 
relation to adjacent teeth that continue to erupt. Eruption fail-
ure and delayed eruption are conditions that do not naturally 
involve ankylosis and are associated with craniofacial dysosto-
sis, hypothyroidism, hypopituitarism and several genetic and 
medical syndromes.3-6 Eruption defects can also present as a 
component of various syndromal conditions and are summa-
rized in Syndrome Associations.

Primary failure of eruption (PFE) is characterized by a 
localized failure of eruption of permanent posterior teeth and 
lacks any systemic involvement. The affected teeth are non-
impacted, non-ankylosed, and fully formed but are unable to 
reach the occlusal plane presumably due to a primary defect 
in the eruption mechanism itself. Attempts to close the resul-
tant ‘open bite’ orthodontically often result in ankylosis of 
PFE-affected teeth.7,8

Treatment: Most natal teeth are firmly imbedded and pose 
no risk to the neonate. Those that are loose should be extracted 
to avoid aspiration. Delayed eruption can have considerable 
consequence on ultimate occlusion. The choices of treatment 

for impacted teeth include long-term observation, orthodon-
tically assisted eruption, transplantation, or surgical removal. 
The presence of infection, nonrestorable carious lesions, cysts, 
tumors, or destruction of adjacent teeth necessitates surgical 
removal of the affected teeth.9 None of the conditions affecting 
tooth eruption is preventable.
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19.9 DeNTAL MALOCCLUSION

Definition: Failure of proper alignment of teeth in the alveolar arch.

ICD9/ICD10: 524.21, 524.22, 524.23, 524.4/M26.21, 
M26.4

Syndrome Associations (Appendix)
Brachydactyly type B1 (ROR2)
Mannosidosis (MAN2B1)
Marfan (FBN1)
Prader-Willi (del 15q)

Birth prevalence: varies by ethnicity

Associated anomalies: alterations in tooth size, shape and 
number, orofacial clefting

Laboratory studies: none

Prenatal diagnosis: none

Causes: oral habits, dental crowding, supernumerary 
teeth, tooth agenesis, tooth size discrepancies, loss of 
teeth, disruption in eruption pattern, pathology, trauma

Malocclusion can be of dental origin or due to skeletal dis-
crepancy.1,2 Some malocclusions involve a dental and skeletal 
component. Dental malocclusion can be diagnosed clinically. 
It can be associated with trauma, caries, oral habits (thumb, 
finger, pacifier), tooth agenesis, supernumerary teeth, micro-
dontia, macrodontia, and abnormalities of tooth shape. It also 
occurs with no apparent cause. Some syndromes with maloc-
clusion have no other dental anomalies. Skeletal malocclusions 
occur when the maxilla and/or the mandible are not properly 
aligned in relation to the skull or when the maxilla and mandi-
ble are misaligned relative to each other. Rates of malocclusion 
greater than 50 percent have been reported among the Swedish 
and North American Indian populations.2-4

A relationship exists between certain discrete malpositions 
of the permanent canine and tooth agenesis. Studies indicate 
significantly elevated prevalence rates for tooth agenesis in 
association with palatally displaced canines, mandibular lat-
eral incisor-canine transposition, and maxillary canine–first 
premolar transposition. Like tooth agenesis, these three posi-
tional anomalies involving the canines have been reported 
in families and appear to be under strong genetic control.5-8 
Palatally displaced canines occur in 1 percent to 3 percent of 
the population, mandibular lateral incisor–canine transpo-
sition in 0.03  percent, and maxillary canine–first premolar 
transposition in 0.25 percent.9 Maxillary canine–first premolar 
transpositions have a higher frequency in Down syndrome. 
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There is an increased occurrence of tooth agenesis on either 
side of transposed teeth. This may also explain the fact that 
teeth in the critical marginal areas of dental lamina, lateral 
incisors, second premolars, and third molars are the most 
vulnerable for tooth agenesis.1 Mutations in MSX1 and PAX9, 
which have been associated with preferential agenesis of pos-
terior teeth, might be involved in the genetic control of posi-
tional anomalies involving the canine.

Treatment: Dental malocclusion is not a morbid trait. It may 
pose esthetic problems that might lead to lower self-esteem. 
Other possible consequences are periodontal disease and tem-
poromandibular joint problems. Orthodontic treatment is 
recommended and is usually successful. Preventive and inter-
ceptive orthodontics is possible and desirable.
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INtrODUCtION

Congenital heart defects (CHD) are the most common human 
birth defect, occurring in roughly 1 percent to 2.5 percent of 
the population with variations in prevalence dependent on 
which malformations are taken into account. The etiology of 
congenital heart disease is clearly multifactorial and includes 
altered gene function or dosage, environmental exposures, and 
stochastic influences.1-5 Due to tremendous improvements in 
the care of infants born with CHD over the last five decades, 
most serious heart defects can be repaired or palliated with 
both operative and/or percutaneous interventions, resulting in 
excellent outcomes and improved survival in otherwise lethal 
disease. A  result of this success is that there are now more 
adults living with CHD than children.6 As these children with 
congenital heart defects reach adulthood and start families of 
their own, information regarding recurrence risk and a genetic 
and molecular understanding of CHD becomes more impor-
tant than ever.

Since the second edition of Human Malformations was pub-
lished, the cost and availability of next-generation sequencing 
has changed the CHD research and clinical evaluation para-
digm, allowing for new approaches to sporadic and complex 
CHD. Additionally, cardiovascular imaging has made signifi-
cant advances with development of cardiac computed tomog-
raphy (CT) and cardiac magnetic resonance imaging (MRI) 
technologies that can provide high-resolution 3D imaging of 
tiny hearts in a newborn baby with limited need for sedation 
and radiation exposure. Surgical and catheter-based treatment 
outcomes have improved tremendously, and miniaturization 
of pediatric devices and equipment has improved safety and 
accessibility to various therapies in infants and children with 
congenital heart defects. This chapter has been substantially 
revised to reflect these advances, with new information on 
genetics, embryology, and imaging, along with more figures 
including drawings and imaging studies to demonstrate the 
structural changes in the cardiac lesions reviewed.

This chapter organizes CHD by grouping similar lesions 
into sections, with the intention of striking a balance between 
covering as many heart defects as possible but at the same time 
being as thorough as possible with each lesion covered. As in 
the previous edition, several cardiac malformations mentioned 
in the chapter are discussed elsewhere; for example, laterality 
defects (heterotaxy) span the content of the chapters on the 
Heart, the Spleen (Chapter 23), and Upper Gastrointestinal sys-
tem (Chapter 26). Likewise, several cardiac defects involving 

the outflow tract, descending aorta, and great veins are also 
discussed in the chapter on Systemic Vasculature (Chapter 21). 
For additional information about the embryology, anatomy, 
diagnosis, and treatment of CHD, the reader is referred to two 
excellent cardiology textbooks.7,8

G E N E T I C S

Given that CHDs are disorders of abnormal heart develop-
ment, pathogenic variants in genes that affect cardiac devel-
opment play a large role in CHD.9,10 Over the last 50  years, 
evidence for genetic contributions to the etiologies of CHD 
has been reinforced by the discovery of CHD associations with 
specific chromosomal abnormalities, genomic disorders, and 
rare single gene disorders. In addition, epidemiological data 
suggest additional undiscovered genetic components based on 
increased recurrence risk of CHD for couples with an affected 
child, increased risk of CHD in the offspring of individuals 
with CHD, rare families with multigenerational occurrence 
of CHD, parental consanguinity associated with a twofold to 
threefold increased offspring risk of CHD, and differences in 
the frequency of specific CHD among populations.11-17 It is 
important to note, though, that familial occurrence of CHD 
could be confounded with unmeasured and unknown shared 
environmental factors. In Scandinavia, where congenital mal-
formations have been registered for decades and linked to 
population-based data sets with pedigree information, infer-
ences about the genetic component of CHD can be made. 
A large Danish study evaluated 1.8 million people from 1977 
to 2005, of whom 18,708 had CHD.18 After excluding chro-
mosomal abnormalities, 4.2  percent of heart defects in the 
population were attributed to CHD family history. Relative 
risks ratios (ratio of the prevalence of the disease in relatives 
to the prevalence of disease in the general population) for 
first-degree relatives varied depending on specific heart lesion, 
ranging from 79.1 for heterotaxy and to 3.4 for ventriculosep-
tal defect (VSD). The increased first-degree relative risk and 
the known risk caused by teratogens highlight the importance 
of complex genetic effects and gene–environment interactions.

A new era of genetics began with the 2001 draft sequence 
of the human genome by the Human Genome Project (HGP), 
which thrust genetics and the genetic basis of CHD into the 
genomic era.19 HGP created a reference map of human genes, 
and parallel projects have identified their orthologs in model 
organisms like mice and zebrafish. The comparison of human 
genes with model organisms has been an invaluable tool in 
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identifying genes that influence normal cardiac development. 
HGP also allowed for the development of efficient and inex-
pensive microarray assays for DNA copy number variants. 
Subsequent studies have shown that recurrent copy number 
abnormalities, especially deletions like 22q11.2 deletion, are 
a major cause of CHD. HGP has also powered such projects 
as HapMap, which cataloged common single nucleotide poly-
morphisms (SNPs) in several human populations and enabled 
the genome-wide association studies (GWAS) for hundreds of 
human diseases and medical phenotypes. GWAS focuses on 
common SNPs (present in 1 to 5 percent of population) that 
are associated with common diseases. GWAS has had a lim-
ited impact on our understanding of CHD, so far, and can be 
expected to explain only a small fraction of the heritability of 
most traits.20,21 Using information from the HGP, linkage and 
positional cloning techniques have been used successfully to 
identify some important genes that cause CHD.22-25 Positional 
cloning is ideal for discovery of rare family-specific mutations 
that are seen in conditions like familial atrial septal defect, 
Holt-Oram syndrome, and Noonan syndrome. But there are 
two major factors that have made it difficult to use these meth-
ods for CHD: it is difficult to find large families affected with 
CHD, and there are a large number of genes that can cause 
CHD, so that it is often not feasible to analyze small families 
together for linkage and gene identification.

Over the past few years, the introduction of next genera-
tion sequencing (NGS) technology has resulted in less expen-
sive and faster interrogation of the human genome in the form 
of the massive parallel sequencing, giving researchers and cli-
nicians a new and powerful research and diagnostic tool. NGS 
has made an immediate impact in identifying the potential 
contribution of de novo mutations in CHD.26 These new tech-
nologies are now allowing us to explore complex CHD etiolo-
gies that may be attributed to genes with decreased penetrance, 
mutations in noncoding regions, gene–environment interac-
tions, and multigenic etiologies (modifier genes). Beyond 
the excitement of new genomic technology, these new tools 
available for the work-up of CHD present an enormous chal-
lenge to the researcher considering the vast amount of data 
generated. There is still much to be done in understanding 
and applying genetic technologies to CHD. We have become 
proficient at finding fully penetrant mutations that segregate 
in a Mendelian fashion. The next barrier to overcome will be 
understanding the functional and medical relevance of cardiac 
developmental genes and elucidating the underpinnings of 
genetically complex cardiac malformations.

C L I N I C A L  E VA L U AT I O N

When a patient presents with a CHD, the clinician in deciding 
on a work-up plan should consider several factors: the specific 
cardiac lesion, the presence of specific extracardiac malfor-
mations, whether there is any unexplained developmental or 
cognitive delay, the prenatal history including exposures to 
known teratogens, and the family history. The family history 
should include a three-generation pedigree, which is impor-
tant to identify known occurrences of CHD, pregnancy losses, 
and unexplained infant deaths.27 The pedigree will also inform 

clinical hypotheses about possible type of inheritance pattern, 
such as autosomal dominant, autosomal recessive, X-linked, or 
de novo mutation. The physical examination should include 
detailed growth measurements including head circumference, 
specialized craniofacial anthropometrics, and thorough exam-
ination for visible developmental defects (e.g., chest, abdomen, 
and limbs). For newborns and children, we recommend that 
the exam be performed by individuals with specialized train-
ing such as neonatologists, pediatric cardiologists, or medical 
geneticists. Adults with CHD should have a similar evaluation. 
Recognizing that many adult cardiologists have limited expe-
rience with developmental anomalies, evaluation by a medi-
cal genetics specialist may be particularly helpful. Prior to any 
genetic testing, the clinical evaluation should include clinically 
indicated imaging such as abdominal and renal ultrasound, 
skeletal X-rays, and brain MRI. For some lesions, particularly 
the left outflow tract abnormalities, echocardiography is war-
ranted for first-degree relatives to screen for otherwise asymp-
tomatic but important defects, such as bicuspid aortic valve.27,28

A N AT O M I C A L  E M B RY O L O G Y

In order to understand cardiac malformations one must first 
understand embryology, as the transcriptional and molecu-
lar control of heart development is complex and sensitive to 
genetic and environmental disturbances beginning as early 
as gastrulation.29-31 The heart is the first organ to be func-
tional in the developing embyro; for small invertebrates, the 
distance between cells and the environment is small enough 
for simple diffusion of nutrition and waste. For larger ani-
mals, a circulatory system is necessary for this function. The 
heart is formed from cells in the primary heart field (PHF), 
a horseshoe-shaped collection of splanchnic mesoderm cells 
lying cranial to the cranial portion of the neural plate, and from 
cells in the secondary heart field (SHF) that lie in splanchnic 
mesoderm ventral to the pharynx. Both groups of cells are pat-
terned as mesoderm is formed during gastrulation, such that 
cells on each side of the midline are specified as left or right 
atrium, ventricle, conus arteriosus, and truncus arteriosus. 
Specification of laterality occurs earlier and involves a signal-
ing pathway culminating in expression of PITX2. Figure 20.I.1 
is a schematic of heart development showing the key process 
to be described below and a list of genes that have been shown 
to play roles in these processes.

Cells in the PHF coalesce to form a tube by day 21. Lateral 
body folding then brings the two sides of the tube together 
in the midline, where they fuse to form the primordial heart 
tube by 28 days gestation. From days 22–24 this tube under-
goes the process of looping that bends the heart into its typi-
cal four-chambered structure and sets the stage for septation. 
During looping, cells from the SHF are added to the outflow 
tract region, and this lengthening is essential for normal 
development.

Once looping is completed septation begins, and many 
events in this process occur simultaneously. Thus, endocardial 
cushions form around the atrioventricular (AV) canal, while 
the first septum (septum primum) grows down from the roof 
of the medial edge of the left atrium. This septum contacts 
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the AV cushions, but before it does so, apoptosis occurs in its 
dorsal region to create a new opening, the ostium secundum. 
Soon a second septum, septum secundum, grows downward 
and overlaps the septum primum. However, the septum secun-
dum never reaches the AV cushions, so that an opening, the 
foramen ovale, connects the two atria, and the septum primum 
acts as a unidirectional valve over the opening. Meanwhile AV 
cushion tissue proliferates, and the superior and inferior cush-
ions grow together to partition the AV canal. Some of this tis-
sue also grows inferiorly to form the membranous portion of 
the interventricular septum. The muscular portion of this sep-
tum forms by merging and growth of muscle tissue between 
the two ventricles. Eventually, AV cushion material differenti-
ates into the mitral and tricuspid valves. Septation of the atria 
and ventricles is complete by the end of the sixth week.

Septation in the outflow tract begins slightly later in the 
sixth week and is complete by the end of the seventh week. 
This process also involves endocardial cushion tissue that 

forms in the conus and truncus arteriosus, but cells populating 
these structures are derived from cardiac neural crest cells that 
migrate to the heart from cranial neural folds. Regulation of 
migration and proliferation of crest cells and their patterning 
into the spiral septum that turns 180o is regulated by the SHF. 
This rotation is necessary to position the ascending aorta and 
pulmonary artery with the left and right ventricles, respectively.

Expansion of the right atrium includes incorporation of 
the primitive embryonic venous system that forms the sinus 
venarum portion of this chamber. Expansion of the left atrium 
involves development and incorporation of the pulmonary 
vein. This vein differentiates in mesoderm (derived from the 
SHF) that forms a cap over the septum primum called the dor-
sal mesenchymal protrusion (DMP). The DMP with the pul-
monary vein is positioned in the left atrium by growth of the 
septum primum. Later, the atrium enlarges, incorporating the 
stem of the vein out to its branches, thereby accounting for 
four openings of veins into the left atrial chamber.

Fig. 20.I.1 Schematic of heart development showing some key processes and mechanisms. The listed genes have been shown to play required roles in these 
processes (not exhaustive) or have been associated with syndromal or nonsyndromal cardiovascular malformations. See text for specific disease associations and 
gestational timing.
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M O L E C U L A R  E M B RY O L O G Y

In the primary heart field, balances between BMP and FGF 
from the underlying foregut endoderm and WNT/CTNNB1 
signals from midline structures guide cardiac specification and 
differentiation through the collective activation of several tran-
scription factors, including Gata4, Nkx2.5, Tbx5, Mef2c, and 
Smarcd3.31 Heart looping occurs after initial specification of 
the left-right body axis. Molecular mediators that drive asym-
metrical cardiac morphogenesis have yet to be clearly estab-
lished but appear to include Pitx2. Cells of the secondary heart 
field express Fgf8 and Fgf10, as well as the transcription factors 
Isl1 and Tbx1.32 Progressive extension of the heart tube is coor-
dinated by BMP, FGF, and both canonical and noncanonical 
CTNNB1 signaling. Differential proliferation drives chamber 
morphogenesis and involves complex overlapping expres-
sion domains of a number of T-box transcription factors, 
including Tbx2, 3, 5, and 20. BMP and TGF-β signaling drive 
endothelial-mesenchymal transformations in endocardial cells 
that subsequently form the AV cushions.33 Shh expression in 
the pharyngeal endoderm is required for atrial septation and 
development of the myocardium at the base of the pulmonary 
trunk.34 Early specification of cardiac neural crest is mediated 
by the same pathways described for cranial neural crest (see 
Chapter 6), with a specific requirement for canonical WNT sig-
naling. Migration of these cells into the outflow tract is depen-
dent upon BMP and TGF-β signaling, and production of the 
SEMA3C ligand in the myocardium and its receptor PLXNA2,

E P I D E M I O L O G Y

Heart defects are the most common congenital defects, affect-
ing up to 5 percent of the world’s livebirths depending on how 

CHDs are defined. If all newborns were screened with echo-
cardiography, about 5  percent would have CHDs, including 
clinically insignificant septal defects and PDAs, most of which 
would close spontaneously.35-37 Worldwide, congenital heart 
disease is the leading cause of infant deaths due to congenital 
anomalies.38 Twenty-five percent of all neonatal deaths in the 
United States and Europe are due to CHD.39-41 A few rare types 
of CHD, such as hypoplastic left heart, transposition of the 
great arteries, and tetralogy of Fallot, account for a dispropor-
tionately high percentage of deaths.41 As a category, cardiovas-
cular birth defect hospital costs are the most expensive, with 
in-hospital charges amounting to over 1.4 billion dollars in US 
hospitals in 2003.42

The overall incidence of congenital heart disease is gener-
ally similar in all countries, although there are some specific 
heart defects that are more common in certain ethnic groups 
(i.e., left-sided outflow tract lesions are more common in males 
and in Caucasians than in African Americans).36,39,43,44 Given 
that birth incidence is roughly equal across the globe, countries 
with higher fertility rates, most of which are in sub-Saharan 
Africa, have a disproportionate number of children born with 
CHD.36 Compounding this problem is the unequal distribu-
tion of access to care; in North America and Europe there is 
one congenital heart surgeon per 3.5 million individuals, but 
in Africa there is one congenital heart surgeon per 38 million 
individuals.45 Figure 20.I.2 graphically displays the health dis-
parity in CHD, in that the countries with the largest propor-
tion of CHD have the lowest GNP and thus lower resources for 
addressing CHD.

When approaching the reasons for developing con-
genital heart defects, both chromosomal abnormalities as 
well as environmental exposures are highly associated with 
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certain types of CHD. In general, chromosomal abnormali-
ties account for about 10 to 15  percent of CHD, de novo 
mutations account for roughly 10 percent of cases, and copy 
number variations are believed to be associated with 5 per-
cent of CHD.46,47 This leaves the etiology of about 70 percent 
of CHD unexplained and Wilson et  al. estimated that up 
to 30 percent of population-attributable risk is due to envi-
ronmental factors.10 When considering nongenetic risks for 
CHD, the time that is most significant for exposures is dur-
ing cardiac development during weeks two through seven 
of gestation.48 In reality these risks must be controlled well 
before pregnancy, for example, satisfactory metabolic control 
of maternal diabetes must be accomplished months before 
pregnancy.

Most of what is known about nongenetic causes of con-
genital heart disease comes from population-based case 
control studies that examine maternal exposures.3,49,50 Table 
20.I.1 lists exposures associated with definite or possible risk 
of CHD. Exposures can be divided into maternal metabolic 
conditions (obesity, diabetes, phenylketonuria), maternal 
infectious disease (i.e., febrile illness, rubella), and maternal 
ingested or inhaled exposures (folic acid, medications, smok-
ing, alcohol, pollution). The literature on the relationship 
between BMI and CHDs has been inconsistent, showing weak 
associations between obesity and CHDs; a case control study 
using data from the National Birth Defects Prevention Study 
(NBDPS) found that all CHDs combined were associated with 
obesity with OR 1.31 (95% CI, 1.11–1.56) for severe obesity 
(BMI > 35 m2/kg).3,49 When stratified by BMI, mothers with 
a BMI greater than 30  kg/m2 were at higher risk to have an 
infant with ASD, aortic valve stenosis, hypoplastic left heart 
syndrome, pulmonary valve stenosis, or truncus arteriosus; 
mothers with a BMI greater than 40 kg/m2 were more likely 
to have an infant with a double-outlet right ventricle. As obe-
sity rates increase, diabetes also becomes more of a concern. 
CHD is associated with diabetes also, and, more importantly, 
strict glycemic control before conception and during preg-
nancy has been demonstrated to reduce risk to population 
normals.3 Other environmental risks for CHD worth men-
tioning are smoking exposure and folic acid deficiency. Folic 
acid supplementation has been shown to decrease neural tube 
defects when taken prenatally. Evidence showing that folic 
acid supplementation decreases CHD has been supportive but 
not conclusive, due to a limited number of studies and mixed 
results.3 Two studies have found impressive results; a random-
ized trial conducted in Europe found a roughly 60  percent 
decrease in CHD (RR 0.42; 95% CI 0.19 to 0.98), and a case 
control study in Atlanta reported an approximately 25 percent 
decrease in CHD (OR 0.76; CI 0.60–0.97).51,52 With regard to 
smoking, a notable meta-analysis that included over 18,000 
cases found a positive association between maternal smoking 
during pregnancy and the risk of CHDs as a group (RR 1.11; 
95 % CI 1.02–1.21).53 The major etiology of CHD is thought to 
be mutations in genes that regulate heart development during 
early embryogenesis; however, these epidemiological studies 
suggest environmental causes as significant. The studies show 
risk and do not elucidate disease mechanisms, making future 
research important.

F U T U R E  D I R E C T I O N S

In last 20 years, remarkable progress has been made in the fields 
of embryology, genetics, and cardiology. Despite accumulation 
of a large CHD knowledge base, the truth remains that only in 
a small percentage of patients with CHD can a genetic or envi-
ronmental cause be elucidated. There is still tremendous work 
to be done in understanding and applying genetic, genomic, 
and related (e.g., epigenetic) technologies to CHD. We have 
become proficient at finding fully penetrant mutations that 
segregate in a Mendelian fashion; the next barrier to overcome 
will be understanding the functional and medical relevance of 
cardiac developmental genes and elucidating the underpin-
nings of genetically complex cardiac malformations.
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TABLE 20.I .1 (Continued)

DefeCt rr

maternal therapeutic drug exposure

  Anticonvulsants Any defects 4.2

  Indomethacin 
tocolysis

PDA †

  Ibuprofen Any defects 1.86

D-TGA 2.5

AVSD (Down syndrome) 2.4

VSD 1.9

Bicuspid aortic valve 4.1

  Sulfasalazine‡ Any defects 3.4

  Thalidomide Any defects †

  Trimethoprim-  
sulfonamide‡

Any defects 2.1–4.8

  Vitamin 
A congeners/
retinoids

Any defects †

maternal nontherapeutic drug exposure

  Vitamin 
A exposure

Outflow tract defects 0.0–9.2

Cranial neural crest defects 
(cardiac and noncardiac)

0.7–4.8

Pulmonic stenosis and other 
noncardiac defects

0.5

  Marijuana VSD 1.9

Ebstein anomaly 2.4

environmental (maternal)

  Organic solvents Conotruncal defects 2.3–3.9

HLHS 3.4

Aortic coarctation 3.2

Pulmonic stenosis 5

D-TGA with intact ventricular 
septum

3.4

Tetralogy of Fallot 2.7

TAPVR 2

AVSD, nonchromosomal 5.6

Ebstein anomaly 3.6

VsD [??]

TABLE 20.I .1  exposures associated With Definite or Possible 

risk of Offspring with Congenital Cardiovascular Defects*

DefeCt rr

maternal illness

  PKU Any defects >6

  Pregestational 
diabetes

Any defects 3.1–18

Conotruncal defects 5.55

Laterality and looping 8.3

D-TGA 3.8–27.2

AVSD 10.6

Septal defects 2.9–20.2

HLHS 3.9

Outflow tract defects 3.7–17.9

PDA (BTW _2500 g only) 56.9

  Febrile illness Any defects 1.8–2.9

Conotruncal defects 1.55

Any right-sided obstructive defects 6, 15

Tricuspid atresia 5.1–5.2

All left-sided obstructive defects 2.7

Aortic coarctation 2.7

VSD 1.8

Influenza Any defects 2.1

Conotruncal defects 1.74

D-TGA 2.1

All right-sided obstructive defects 2.5

All left-sided obstructive defects 2.9

Aortic coarctation 3.8

VSD 2

D-TGA with intact ventricular 
septum

2.2

Tricuspid atresia 4.3

  Rubella infection Any defects †

VSD †

PDA †

Pulmonary valve abnormalities †

Peripheral pulmonic stenosis †

  Epilepsy Any defects †

PKU indicates phenylketonuria; D-TGA, dextro-looped transposition of the great arteries; AVSD, atrioventricular 

septal defect; HLHS, hypoplastic left heart syndrome; PDA, patent ductus arteriosus; BTW, birth weight; 

NSAIDs, nonsteroidal antiinflammatory drugs; and TAPVR, total anomalous pulmonary venous return. *Consider 

fetal echocardiogram or neonatal echocardiogram if any of these exposures are present based on the level and 

type of exposure and the timing of the exposure in gestation. †OR not available. ‡Risk reduced if mother took 

folic acid simultaneously. §If both parents smoked. (Published with permission of the Am Heart Assoc.3).
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20.1 atrIal sePtal DefeCt

Definition: Opening in the septum between the right atrium and left atrium.

ICD9/ICD10: 745.5/Q21.1 Syndrome Associations (Appendix)
Ellis-van Creveld (EVC, EVC2)
Familial ASD and progressive atrioventricular block 
(NKX2.5)
Familial ASD without progressive atrioventricular block 
(GATA4)
Holt-Oram (TBX5)
Goldenhar
Kabuki (MLL2, KDM6A)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Rubinstein-Taybi (CREBBP, EP300, del 16p13.3)
TARP (RBM10)
Thrombocytopenia-absent radius (RBM8A, del 1q21.1)
Williams (ELN, del 7p)
Klinefelter (47,XXY)
Wolf-Hirschhorn (del 4p)
Cri-du-chat (del 5p)
del 22q11.2
Trisomies 13, 18, 21
Fetal alcohol exposure

Birth prevalence: 1/1,500 livebirths

Associated anomalies: partial anomalous pulmonary 
venous return (sinus venosus)

Laboratory studies: karyotype, genomic microarray, 
selected gene sequencing

Prenatal diagnosis: unlikely

Cause: unknown, minority of ASDs associated 
chromosomal aberrations and single gene mutations

Atrial septal defect (ASD) is a common heart defect, compris-
ing 30 to 40 percent of all congenital heart defects. Females are 
affected at a ratio of 2:1 compared to males.1-3 There are four 
different types of ASDs, with ostium secundum being the most 
common (approximately three-quarters of ASDs). The other 
three ASD types are ostium primum, sinus venosus, and coro-
nary sinus type septal defect.

The clinical presentation of most ASDs is with a mur-
mur heard on exam, although ASDs can be diagnosed in the 
workup of paradoxical shunting (e.g., involving a cerebrovas-
cular injury or brain abscess) or cyanosis. The two types of 
murmurs found in ASDs are a systolic ejection murmur heard 
along the left sternal border, which is due to increased pulmo-
nary blood flow resulting from left to right shunting through 
the ASD; and with very large defects, a mid-diastolic flow mur-
mur due to tricuspid valve flow. Additionally, the second heart 
sound (S2) may have fixed splitting. An EKG may show right 
axis deviation, and chest X-ray may show right heart enlarge-
ment with larger ASDs. Definitive diagnosis is made with 
echocardiography.

Left-to-right shunting is the cause of the clinical manifesta-
tions in patients with ASDs. The amount of shunting depends 
on the size of the defect, pulmonary and systemic pressures 
and resistances, and ventricular compliance. In large defects, 
right and left atrial pressure are equal, but flow is from left to 
right due to increased compliance of the right ventricle com-
pared to the left. Left-to-right shunting causes overload of the 

right ventricle and the pulmonary system, resulting in right 
atrial and ventricular dilation. Eventually, pulmonary hyper-
tension can develop secondary to chronic volume overload. 
Increased right atrial pressures can cause atrial dilation, which 
can lead to atrial arrhythmias, commonly atrial flutter and 
atrial fibrillation.

Understanding the embryology of atrial septation is essen-
tial to understanding the anatomy of ASDs. The atrial sep-
tum begins to form at week four (Carnegie Stage 14).4 A thin 
membranous structure, the septum primum, extends from the 
roof of the atrium and eventually fuses with the septum inter-
media, which is formed from the superior and inferior endo-
cardial cushions. As the septum primum extends inferiorly, 
programmed cell death and resorption of the superior aspect 
forms the foramen ovale allowing for right-to-left shunting at 
the atrial level, which is necessary in fetal life to let blood bypass 
the developing lungs. A second structure, the septum secun-
dum, grows from the roof of the atrium but does not become 
contiguous with the septum intermedia and forms the flap of 
tissue that will cover the foramen ovale. During fetal life, oxy-
genated blood flow from the inferior vena cava bypasses pul-
monary circulation by flowing from the right atrium, through 
the foramen ovale, through the ostium secundum, and then 
into the left atrium. After birth, pulmonary resistance drops, 
flow increases to the lungs, and thus venous return to the left 
atrium increases as well. This increase in pulmonary venous 
return increases left atrial pressure, which forces the thinner 
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septum primum onto the muscular and thicker septum secun-
dum, closing off the foramen ovale.5

The ostium secundum ASD is a result of a defect in the sep-
tum primum (Fig. 20.1.1A). The ostium primum ASD occurs 
due to a failure of the superior and inferior endocardial cush-
ions to fuse with the septum primum (Fig. 20.1.1B). Primum 
atrial septal defects can be seen in isolation or with other fea-
tures that comprise an atrioventricular septal defect (Entry 
20.2). The last two types of ASDs, sinus venosus and unroofed 
coronary sinus, are less common. Sinus venosus ASDs are due 
to failure of formation of some or all of the embryonic sinus 
venosus horns (Fig. 20.1.1C). There are two portions of the 
embryonic sinus venosus, superior and inferior horns; thus 
sinus venosus ASDs can be classified as either a superior sinus 
venosus ASD or inferior sinus venosus ASD. Both types of 
sinus venosus ASDs are associated with anomalous pulmonary 
venous drainage of the right pulmonary veins, although the 
pulmonary veins are typically connected normally. The embry-
onic superior sinus venosus is located in the posterior superior 
atrium and gives rise to the tissue that forms the posterior por-
tion of the right atrium and the anterior portion of the right 
pulmonary veins as they cross behind the superior vena cava 
en route to the left atrium. This tissue is absent in a superior 
sinus venosus ASD, and thus flow from the right pulmonary 
veins typically empties into the back of the right atrium at the 
SVC-RA junction. The inferior sinus venosus is located pos-
teriorly and inferiorly and gives rise to the tissue that forms 
the border between the mouth of the inferior vena cava and 
the right lower pulmonary vein. In an inferior sinus venosus 
ASD, flow from the right lower pulmonary vein is directed into 
the right atrium. The unroofed coronary sinus ASD, which 
occurs in the coronary sinus of the right atrial septum, is the 
least common. This latter type of ASD is often associated with 
a persistent left superior vena cava.

Patent foramen ovale (PFO) is not considered an atrial 
septal defect but shares the same anatomical location in 
the septum primum.3,5,6 The foramen ovale is the opening 
between the septum secundum and the septum intermedia. 
As noted above, after birth the drop in pulmonary resistance 
causes a left atrial pressure greater than right atrial pressure 
differential and pushes the septum primum against the sep-
tum secundum, thus functionally closing the foramen ovale. 
Later, the foramen ovale is usually anatomically closed, but 
it remains patent in up to 15 percent of adults. In PFO, the 
septum primum closes the foramen ovale when the left atrial 
pressure is greater than the right atrial pressure; however, 
intermittently, when the right atrial pressure increases (e.g., 
with valsalva) the foramen can open and flow can move 
from right atrium to left atrium. During these instances 
of flow reversal, the PFO provides a potential pathway for 
emboli, resulting in manifestations such as cerebrovascular 
accidents (strokes). Approximately 25  percent to 40  per-
cent of strokes are cryptogenic, and PFOs have been found 
with higher incidence in such cryptogenic stroke patients. 
Indications for PFO closure are evolving.6 PFOs aggregate 
in some families, but the genetic susceptibility has not been 
elucidated; there are reports of association with mutations 
in NKX2.5.6

The genetic etiology of ASD is largely unknown.7,8 There 
are many chromosomal structural variants, genetic syn-
dromes, and copy number variants associated with ASD 
(See Appendix). Holt-Oram syndrome (TBX5) and Ellis-van 
Creveld syndrome (EVC and EVC2) are two well-known 

Fig. 20.1.1 A: Echo image showing a large secundum atrial septal defect, with 
color Doppler image on the right demonstrating flow from the left atrium to 
the right atrium (gray signal). B: Echo image showing a large primum atrial 
septal defect located just superior to the atrioventricular valves. C: Echo image 
showing a large superior sinus venosus atrial septal defect, which involves a 
defect in the tissue separating the superior vena cava and the anterior portion 
of the right pulmonary veins as they join the left atrium, seen in the image on 
the right as gray flow crossing from the right pulmonary veins (as they enter the 
left atrium) into the SVC (as it enters the right atrium). LA: left atrium; RA: right 
atrium; ASD: atrial septal defect; SVC: superior vena cava.
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syndromes that can involve ASDs. Nonsyndromal cases have 
been associated with mutations in the transcription factors 
NKX2.5, GATA4, TBX20, MYH6, and ACTC1, and mutations 
in TLL1 and GATA6 have been described in sporadic ASD.7 An 
autosomal dominant familial syndrome of ASD with atrioven-
tricular block is also seen in mutations in NKX2.5.

Treatment: Treatment of ASD can be accomplished through 
device or surgical closure.9-11 Surgical closure, which has 
been available for over 40  years, is the only option available 
for coronary sinus, ostium primum, and sinus venosus ASDs. 
Percutaneous device ASD closure has been available for over 
20 years and is the frequent choice for uncomplicated secun-
dum atrial septal defect closure. The American College of 
Cardiology/American Heart Association recommends ASD 
closure for patients with right atrium and right ventricular 
enlargement and recommends no closure for defects smaller 
than 5  mm in diameter in the absence of right ventricular 
enlargement or pulmonary hypertension.11 Closure is contra-
indicated when irreversible pulmonary hypertension is pres-
ent (as defined by pulmonary vasodilator testing via cardiac 
catheterization). Percutaneous ASD closure is usually per-
formed for secundum ASDs except in large defects or when 
insufficient septal rim is present.2 In properly selected patients, 
percutaneous repair has the advantage of shorter hospital stays 
and avoidance of potential complications of surgery such as 
infection.

Prognosis: Small ASDs less than 10 mm may close spontane-
ously in childhood. Unrepaired ASDs present in 75 percent of 
adults in their 40s with dyspnea and fatigue.2 Adults may also 
present with atrial arrhythmias and right heart failure from 
chronic volume overload. Even though ASDs usually involve 
left-to-right flow, transient increases in right atrial pressure 
increase risk for paradoxical embolism and cryptogenic stroke. 
Pregnant women with ASDs are theoretically at increased 

risk for stroke secondary to hypercoagulability and increased 
plasma volume in pregnancy.

The age of ASD repair is related to long-term survival, 
with repair before 24 years of age resulting in equivalent life 
expectancy to that of age- and sex-matched controls.9 After age 
25 survival is decreased, possibly due to increased risk of the 
development of pulmonary hypertension, increased incidence 
of atrial fibrillation, and right ventricle damage.2
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20.2 atrIOVeNtrICUlar sePtal DefeCt

(Complete AVSD - Atrioventricular Canal, Endocardial Cushion Defect; Incomplete AVSDs - Ostium Primum Atrial Septal 
Defect, Cleft Mitral Valve, Common Atrium)

Definition: A common left and right atrioventricular junction with defects in atrial and ventricular septation and associated 
malformation of the atrioventricular valves.

ICD9/ICD10: 745.69/Q21.2 Syndrome Associations (Appendix)
CHARGE (CDH7)
Ellis van Creveld (EVC; EVC2)
Right atrial isomerism (Ivemark)
Kaufman-McKusick
Ritscher-Schinzel (KIAAO196)
Smith-Lemli-Opitz (DHCR7)
Trisomy 21
del 3p

Birth prevalence: 1/2,500 live births

Associated anomalies: subaortic stenosis; ventricular 
hypoplasia, Tetralogy of Fallot, atrial isomerism

Laboratory studies: karyotype, selected gene sequencing

Prenatal diagnosis: ultrasonography

Cause: chromosomal, microdeletion, Mendelian
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Atrioventricular Septal Defect (AVSD) is characterized by a 
common atrioventricular junction, as opposed to the left and 
right atrioventricular junctions found normally, and may have 
defects in the atrial and ventricular septae and atrioventricular 
valves (Fig. 20.2.1). AVSD makes up about 4 percent of CHD, 
with males and females equally affected.1,2 AVSD is very com-
mon in Down syndrome—44 percent of patients with Down 
syndrome have CHD, and 45 percent of these (20 percent of 
total patients with Down syndrome) have AVSD.3

AVSD is caused by a failure in early embryonic develop-
ment of the endocardial cushions.4-7 The primitive heart tube 
is lined with endothelial cells, the endocardium, which is sur-
rounded by myocardium. The myocardium induces the endo-
cardial cells to delaminate and migrate into the extracellular 
matrix between the myocardium and endocardium (some-
times called “cardiac jelly”) and transition into mesenchymal 
cells. To date, a number of signaling pathways have been impli-
cated in this process, including vascular endothelial growth 
factor (VEGF), Notch, Wnt/Beta-catenin, and bone morpho-
genetic signaling.7 The superior and endocardial cushions then 
migrate toward each other and fuse, dividing the atrioventric-
ular annuli into right and left tracts, which will become the 
tricuspid and mitral valve annuli, respectively.

The morphologic hallmark of AVSD is the failure to divide 
the atrioventricular septum into a right and a left tract. AVSDs 
can be divided into two general subtypes:  incomplete (or 
“partial” AVSD), which consists of an ostium priumum atrial 
septal defect with a cleft mitral valve; and complete AVSD. 
Complete AVSD is the most severe.8 Complete AVSD shares 
a single atrioventricular valve, while incomplete AVSD has  
separate atrioventricular valves. In complete AVSD, there are 
usually five leaflets (anterior, inferior, left mural, left mural, 

and anterosuperior) that make up the AV valve. Two of the 
leaflets (inferior and anterior) are called “bridging leaflets,” 
as they override the interventricular septum and stretch from 
the right to the left ventricle. In incomplete AVSD, the AV 
valves are separated by valvar tissue connecting the two bridg-
ing leaflets; the left atrioventricular valve has a cleft, which 
is actually the line of apposition of the anterior and inferior 
bridging leaflets. In complete ASVD there is no connection of 
the bridging leaflets to each other, leaving a common atrio-
ventricular valve. The aortic valve is in an unwedged posi-
tion and located more anteriorly than normal. Normally the 
inlet and outlet lengths of the left ventricle are equal, but in 
AVSD the inlet length is approximately 0.7 less than the outlet 
length.9

Another morphologic variable in AVSD is the degree of 
interatrial and interventricular communication. In complete 
AVSD there is both interatrial and interventricular commu-
nication in the form of an ostium primum atrial septal defect 
and an inlet-type ventricular septal defect.10 The interatrial 
opening is due to the space between the inferior atrial septum 
and the atrial surface of the common atrioventricular valve. 
The interventricular communication is a result of a large defect 
between the superior bridging leaflet and the septal crest.11 
Additional atrial and ventricular septal defects may be present 
as well.

AVSD can be diagnosed prenatally with ultrasound, which 
may show a common atrioventricular valve in which the tri-
cuspid valve lacks its normal slight apical displacement. After 
birth, the presentation depends on the severity of the AVSD 
and any associated anomalies. In complete AVSD with inter-
ventricular shunting, infants present with congestive heart fail-
ure within months of birth as pulmonary resistance decreases. 
Other associated findings such as coarctation of the aorta, 
significant valvar regurgitation, or ventricular imbalance will 
result in heart failure within days of birth. Cyanosis may be 
present, depending on the degree of shunting. The physical 
exam is significant for right ventricular impulse, increased 
pulmonic component of the second heart sound, systolic 
ejection murmur, apical mid-diastolic murmur in a large 
left-to-right shunt, and pansystolic murmur with atrioven-
tricular valve regurgitation. EKG shows left axis deviation with 
a counter-clockwise loop, indicating an inferiorly displaced 
conduction system, and cardiomegaly may be evident on chest 
X-ray. Definitive diagnosis is made with two-dimensional 
echocardiography.

Down syndrome is the most common genetic etiology, 
with two-thirds of AVSD found in infants with Down syn-
drome.3,12 Given that over three-fourths of patients with Down 
syndrome do not have AVSD, AVSD is likely multifactorial 
with gene modifiers and environment playing an important 
role.12,13 A  rare 3p deletion syndrome is also associated with 
AVSD, in addition to other malformations including micro-
cephaly, intellectual disability, ptosis, and postaxial polydac-
tyly. CRELD1 and/or CRELD2 mutations are thought to be the 
cause of AVSD in 3p deletion syndrome.5 There are a number 
of nonsyndromal gene associations including ALK2, BMP4, 
CRELD1, GATA4, NKX2-5, and TBX5.2 Environmental effects 
most likely play a role in AVSD, with preconceptional maternal 

Fig. 20.2.1 Echo image demonstrating the constellation of findings in complete 
atrioventricular canal defect, including the primum type atrial septal defect, the 
inlet-type ventricular septal defect. LA: left atrium; RA: right atrium; ASD: atrial 
septal defect; LV: left ventricle; RV: right ventricle; VSD: ventricular septal 
defect.
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diabetes shown to increase risk (OR 22.8, 95% CI 7.4–70.5) in 
the Baltimore-Washington Infant study.13

Treatment: Medical treatment is a bridge to surgery and 
consists of typical therapy for heart failure: diuretics, calorie 
concentration, and possibly afterload reduction and digoxin.14 
For complete AVSD, surgical therapy is performed during 
the first few months of life. The type of repair depends on the 
anatomy of the defect.15 Classical repair uses a single patch (to 
repair atrial and ventricular defects); sometimes a two-patch 
approach is used. In low birth weight children, options include 
increasing pulmonary resistance and thus decreasing left to 
right shunting, with pulmonary artery banding to allow for 
growth prior to repair.

Prognosis: If complete AVSD is not surgically repaired, only 
54 percent of patients survive to six months of age, and only 
4  percent survive to age five years.15 Surgical repair greatly 
increases survival, with the 10-year survival after surgical 
repair of a complete AVSD found to be 83  percent in 363 
treated patients.10 The long-term survival for ostium primum 
after surgical repair was 40 years in a study of 334 patients.16
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20.3 VeNtrICUlar sePtal DefeCt

Definition: Opening between right and left ventricles.

ICD9/ICD10: 745.4/Q21.0 Syndrome Associations (Appendix)
Apert (FGFR2)
Carpenter (RAB23)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Costello (HRAS)
Goldenhar
Holt-Oram (TBX5)
Kabuki (KMT2D, KDM6A)
Rubinstein-Taybi (CREBBP, del 16p13.3)
Williams (ELN, del 7q11.23)
VACTERL
Autosomal Trisomies 13, 18, 21

Birth prevalence: 1/700 livebirths for muscular VSD, 
1/1,300 for perimembranous

Associated anomalies: tetralogy of Fallot, transposition 
of the great arteries, aortic coarctation, and interrupted 
aortic arch

Laboratory studies: karyotype, genomic microarray, 
selected gene sequencing

Prenatal diagnosis: cardiac ultrasonography

Cause: chromosomal, microdeletions, Mendelian (AD, 
AR, XLD, XLR), multifactorial

With the exception of bicuspid aortic valve, ventricular septal 
defect (VSD) is the most common congenital heart malfor-
mation, accounting for approximately 40 percent of all heart 
malformations.1,2 However, as some VSDs may close over time 
without intervention, the prevalence depends upon age at eval-
uation, with birth prevalence being the highest.

The presentation of a VSD depends on the size of the defect 
and the amount of flow passing through, which depends on 
the presence or absence of pulmonary hypertension. For small 
restrictive VSDs, interventricular flow is limited by the small 
size of the VSD. Large unrestrictive VSDs may initially (neo-
natally) involve minimal interventricular flow; however, as 



H e a r t  |  577

pulmonary vascular resistance decreases, the amount of flow 
crossing from the left to the right ventricle increases, plac-
ing increased volume load on the left atrium and ventricle. 
Longstanding ventricular shunting eventually results in pul-
monary vasculature disease due to increased pulmonary flow 
and pressure, which causes pulmonary capillary damage. This 
irreversible condition is called Eisenmenger syndrome and can 
increase pulmonary vascular resistance and change ventricular 
level shunting to right-to-left. On exam, VSDs typically pres-
ent with a holosystolic murmur that can vary in quality and 
location based on VSD type. Echocardiogram is the diagnostic 
modality of choice (Fig. 20.3.1) and can delineate defect loca-
tion, pulmonary pressure elevation, and screen for associated 
cardiac defects. Patients should be monitored for developing 
secondary structural defects, which include aortic valve pro-
lapse in VSDs located near the aortic valve, right ventricle 
mid-cavity obstruction from muscle hypertrophy creating a 
muscle band in double-chambered right ventricle, and sub-
aortic stenosis in muscular outlet septum VSDs, which result 
in posterior deviation of the ventricular septum into the left 
ventricular outflow tract.2

Opinions differ related to VSD nomenclature; here they are 
classified according to their location. The ventricular septum 
can be broadly divided into two anatomical parts, the fibrous 
septum and the muscular septum. The majority of VSDs 
(70–80  percent) are perimembranous and involve both the 
fibrous and muscular septum. VSDs near the pulmonary valve 
are termed subpulmonary defects and make up 5 percent of 
VSDs. Inlet VSDs, which are located inferiorly and adjacent 
to the tricuspid septal cusp, also make up 5 percent of VSDs 
(see Entry 20.2). Muscular VSDs comprise 10 to 15 percent of 
defects and can be further classified based on their location.1 

VSDs can occur in isolation or with outflow obstructive lesions 
such as tetralogy of Fallot, transposition of the great arteries, 
aortic coarctation, and interrupted aortic arch.

The mechanism of cardiac septation is not fully understood 
but involves both mesenchymal and muscular components.2 
The muscular septum is formed by ballooning of the right and 
left ventricular apical pouches from the primary heart tube 
during embryogenesis around week five.3 The muscular sep-
tum forms an interventricular foramen as it approaches the 
atrioventricular cushions (superior and inferior), which have 
fused to form the septum intermedium. As the outflow tract 
cushions fuse, they form a membranous septum that attaches 
to the inferior endocardial cushion and closes the interventric-
ular foramen, thus completing the ventricular septum.3 Failure 
of any of these structures to come together during embryogen-
esis may result in a VSD.

Little is known about the overall genetic causes of VSDs. 
Autosomal dominant and X-linked recessive modes of inheri-
tance have been observed or suggested. Occurrence as a 
complex trait involving environmental influences is also con-
sidered plausible. Excluding structural chromosomal changes, 
most specific genetic etiologies have involved autosomal 
dominant mutations in genes encoding transcription factors. 
These transcription factors are involved in embryonic devel-
opment of the heart and include NKX2.5, GATA4, TBX20, 
TBX1, and TBX5.4-6 TBX5 was the first involved gene to be 
discovered; mutations cause Holt-Oram syndrome, which also 
involves limb malformations. Additionally, the transcription 
factors NKX2.5, GATA4, and TBX5 have been found to have 
interactive effects on downstream targets.5 Epigenetic factors 
also most likely contribute to VSD. In a study of 154 Kabuki 
patients, 42  percent had septation defects (ASD and VSD).7 

A B

Fig. 20.3.1 Echo image of perimembranous ventricular septal defect. A: Color Doppler image demonstrating flow through the defect from the left ventricle to the 
right ventricle. B: Large perimembranous ventricular septal defect is denoted by the white arrow.
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Recently, KMT2D (MLL2) mutations were found to cause 
Kabuki syndrome; KMT2D encodes a histone methyltransfer-
ase that methylates the fourth lysine in histone H3. Along with 
heart defects, intellectual disabilities, facial anomalies, and 
skeletal defects are found in Kabuki syndrome.

Treatment: Small defects, with exception of outlet VSDs, 
generally do not require intervention. Larger defects often 
require closure in infancy to treat congestive heart failure and 
prevent pulmonary hypertension and ventricular dilation. For 
approximately the last 50  years, surgical correction of VSDs 
has been the standard of care; now percutaneous device clo-
sure is becoming an option for some muscular ventricular 
septal defects.8,9 Currently, percutaneous device correction of 
muscular VSDs can be performed safely without risks of car-
diopulmonary bypass. Patients with unrepaired VSDs do not 
require endocarditis prophylaxis; those who have undergone 
closure with synthetic material with residual defects do require 
endocarditis prophylaxis.10

Prognosis: Over 50  percent of VSDs are small and do not 
require surgery.11 Uncomplicated VSDs that undergo operative 
repair have an excellent prognosis. Larger, uncorrected VSDs 
result in prolonged elevation of right-sided pressure and pul-
monary vascular disease characteristic of Eisenmenger syn-
drome, which is rarely seen in industrialized nations due to 
prompt defect closure. In a study of 1,280 mostly child-aged 
patients with VSDs, the overall survival rate was 87 percent; 
however, moderate VSDs had a fourfold higher risk of death, 
and those with severe VSDs or Eisenmenger syndrome had 
a 10-fold to 12-fold risk of death.11 Following a diagnosis of 
Eisenmenger syndrome, the mean 10-year survival rate is 
58 percent.12 Other complications associated with Eisenmenger 
syndrome include hyperviscosity and cerebrovascular events, 

hemoptysis, gout, cholelithiasis, hypertrophic osteoarthropa-
thy, and renal dysfunction.13
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20.4 left VeNtrICUlar OUtflOW traCt OBstrUCtION

(Mitral Valve Stenosis, Bicuspid Aortic Valve, Aortic Valve Stenosis, Hypoplastic Left Heart Syndrome)

Definition: Reduced or obstructed left ventricular outflow.

ICD9/ICD10:
Congenital mitral stenosis (746.5/I05.0)
Congenital stenosis of aortic valve (746.3/Q23.0)
Subaortic stenosis (746.81/Q24.4)
Supravalvular aortic stenosis (747.22/Q25.3)
Hypoplastic left heart (746.7/Q23.4)

Syndrome Associations (Appendix)
Holt-Oram (TBX5)
Jacobsen (del 11q)
Rubinstein-Taybi (CREBBP, del 16p13.5)
Shone
GJA1 and NKX2.5 mutations
Turner (45,X)
Williams (ELN, del 7q)
Wolf-Hirschhorn (del 4p)
Trisomies 13, 18

Birth prevalence:
Aortic stenosis: 1/3,000 – 1/25,000
Bicuspid aortic valve: 1/140 in males and 1/525 in females
Supravalvular aortic stenosis: 1/20,000
Hypoplastic left heart: 1/3,700 – 1/10,000

Associated anomalies: bicuspid aortic valve (BAV) 
and thoracic aortic dilatation and aneurysm, BAV 
and coarctation of the aorta; BAV and septal defects, 
hypoplastic left heart syndrome and total anomalous 
pulmonary venous drainage

Laboratory studies: karyotype, genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography between 18-24 
weeks

Cause: chromosomal, single gene mutations

Left ventricular outflow tract obstruction (LVOTO) reduces or 
prevents blood flow from the left ventricle due to obstruction 
at the mitral valve, left ventricle, aortic valve, or aorta. LVOTO 
can occur in isolation or in conjunction with other heart mal-
formations and may occur sporadically or within families. 
Severity of left outflow obstruction can range from asymptom-
atic bicuspid aortic valve to life-threatening hypoplastic left 
heart syndrome (HLHS). With the exception of mitral valve 
disease, most LVOTO occurs downstream of the left ventricle 
at or near the aortic valve. Mitral valve stenosis is rare and typi-
cally co-occurs with other cardiac anomalies. For example, in 
Shone syndrome, mitral valve stenosis occurs with subaortic 
stenosis, parachute mitral valve, and aortic coarctation.1

S U B A O RT I C  S T E N O S I S

Aortic stenosis can be divided into subaortic, valvar, and 
supravalvar stenosis. Subaortic stenosis occurs proximal to the 
aortic valve and can involve discrete fibrous narrowing or mus-
cular narrowing secondary to hypertrophy. Fibromembranous 
formation is believed to be related to differences in flow direc-
tion due to the proximity of the aortic and mitral valves, which 
results in differentiation of the embryonic cells into fibrotic 

tissue.2 A  bicuspid valve is present in 23  percent of cases of 
subaortic stenosis and 37 percent of ventricular septal defects 
(VSDs).2 In severe forms, subaortic stenosis presents with 
syncope, angina, and heart failure. The exam of patients with 
severe subaortic stenosis may demonstrate a displaced left ven-
tricular impulse, decreased peripheral pulses, and late systolic 
murmur. EKG may be normal or show evidence of left ven-
tricular hypertrophy and left axis deviation. Echocardiogram 
shows narrowing of the left ventricular outflow tract.

VA LVA R  A O RT I C  S T E N O S I S

Aortic valvar stenosis is most commonly a result of bicus-
pid aortic valve (BAV), with BAV presenting clinically over 
a wide age range from in utero to older adults. BAV is the 
most common congenital heart defect, with a prevalence of 
0.5 to 2 percent and a male-to-female ratio of 3:1.3,4 Due to a 
high incidence of adult complications (especially aortic ste-
nosis secondary to valve calcification), the disease burden of 
BAV is highest of the congenital heart malformations. The 
aortic valve normally consists of three cusps: the left coronary 
artery leaflet, right coronary leaflet, and noncoronary leaflet. 
In BAV, the most common malformation is fusion of the left 
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and right coronary leaflets (Fig. 20.4.1), which is associated 
with aortic coarctation. Normal aortic valve development 
occurs from outgrowths of the mesenchymal cardiac cushions 
in the primary heart tube. Theories about the pathogenesis 
of BAV include neural crest anomalies, cellular abnormali-
ties in extracellular matrix, and changes in endothelial nitric 
oxide.5 BAV clusters in families, but the genetic causes of 
BAV are heterogeneous and largely unknown. Some stud-
ies have shown that BAV is associated with NOTCH1 muta-
tions, and linkage to a number of chromosomal loci has been 
described.3,6 BAV is more common (11 percent) in first-degree 
relatives of HLHS patients. Further, there are case reports of 
monozygotic twins with one twin having HLHS and one with 
BAV, and a large linkage study shows BAV and HLHS sharing 
chromosomal loci.6

BAV is frequently associated with aortic dilatation, inde-
pendent of valvar dysfunction, suggesting the presence of an 
aortopathy—a concept that is reinforced by the finding of iso-
lated aortic dilatation in first-degree family members of those 
with BAV.7 Nearly half of BAV patients have nonvalvar find-
ings, most commonly thoracic aortic dilatation.3 Although 
aortic dissection is rare, with a rate of only 0.1  percent per 
patient year of follow-up, aortic dissection in BAV is more 
prevalent than in Marfan syndrome.3 The cellular pathol-
ogy of aortic aneurysm in BAV involves decreased fibrillin-1 
and increased matrix metalloproteinases, leading to apopto-
sis of vascular smooth muscle cells.3 BAV is associated with 
a number of other cardiac conditions, including coarctation 
of the aorta. Fifty to 75 percent of patients with coarctation of 
the aorta have BAV.3 BAV is commonly found in syndromes 
associated with other outflow tract lesions, including Turner 
syndrome (coarctation of the aorta) and Williams syndrome 
(supravalvar aortic stenosis). Notably, 23  percent of patients 
with Turner syndrome are found to have aortic valve abnor-
malities, which occur along a spectrum of severity.8 Many BAV 
patients will develop valvar dysfunction such as aortic stenosis, 
aortic regurgitation, or infective endocarditis or aortopathies. 
Exam shows a systolic murmur, heard loudest at apex and radi-
ating to the right sternal border. BAV diagnosis can be con-
firmed with a transthoracic echocardiogram, but cardiac MRI 
may be used as well.8

S U P R AVA LVA R  A O RT I C  S T E N O S I S

Supravalvar aortic stenosis, discrete or diffuse narrowing of 
the sinotubular portion of the ascending aorta just proximal 
to the aortic valve outlet, is the least common form of aortic 
stenosis and is often related to mutations in the gene (ELN) 
encoding elastin.2 ELN mutations can be isolated familial gene 
mutations or part of a 7q11.23 microdeletion in Williams 
syndrome. Supravalvar aortic stenosis occurs in 75 percent of 
those affected with Williams syndrome.9 Reduced and disor-
ganized elastin in the aortic media causes decreased elasticity 
and increased blood flow shear forces, which result in muscle 
hypertrophy and collagen deposition in the aorta.2 On exami-
nation in individuals with supravalvar aortic stenosis, a mid-
systolic murmur can be heard at the right upper sternal border 
with carotid radiation. Transthoracic echocardiogram can 
measure aortic valve gradient; however, MRI angiography or 
transesophageal echocardiogram shows the extent of disease 
in older individuals and can image the entire thoracic aorta, 
which may be involved.2

H Y P O P L A S T I C  L E F T   H E A RT

Hypoplastic left heart (HLH) refers to the inability of the left 
ventricle to support systemic circulation due to left ventricu-
lar hypoplasia and occurs with a spectrum of severity.10-12 The 
degree of hypoplasia of the left ventricle is proportional to the 
degree of obstruction, which almost always occurs at the aor-
tic valve. Hypoplastic left heart is rare, comprising only 2 to 
3 percent of congenital heart disease (CHD) but if untreated 
would account for approximately 25 to 40  percent of CHD 
deaths,10 as HLH is incompatible with long-term survival. At 
birth, neonates have little or no flow through the aorta, and sys-
temic blood flow is mainly from the ductus arteriosus (patients 
are “ductal-dependent”). As the ductus closes in the first week, 
circulatory collapse results. Additionally, pulmonary venous 
return to the left atrium is forced to flow through the patent 
foramen ovale to the right atrium, and pulmonary congestion 
occurs as the foramen begins to close in early neonatal life. There 
are varying presentations at birth, with the degree of LV hypo-
plasia directly related to the severity of obstruction and size of 

A B

Fig. 20.4.1 Cardiac MRI of a bicuspid aortic valve; the aortic valve is seen (A) open in systole; and (B) closed in diastole. Although three cusps are seen when closed 
(R=right coronary cusp, L=left coronary cusp and N=non-coronary cusp), the commissure between the right and left coronary cusps does not open in systole.
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atrial shunt. Some infants with a large atrial septal defect (ASD) 
will appear normal or mildly cyanotic at birth, while infants 
without a patent foramen will present with pulmonary conges-
tion, circulatory collapse, and acidosis. On exam, patients will 
have a single second heart sound due to aortic atresia. Given the 
multiple syndromal associations with HLH, a careful exam for 
facial dysmorphisms (as occur in Jacobsen, Rubinstein-Taybi 
and Deletion 4p syndromes), limb abnormalities (e.g., in 
Holt-Oram or Rubinstein-Taybi syndromes), and lymphedema 
and cystic hygroma (Turner syndrome) can be helpful.

The genetic underpinnings of HLH are not well understood. 
Heritability has been estimated to be 99 percent, strongly sug-
gesting a genetic cause.11 Sibling recurrence risk is 8 percent for 
HLH and 22 percent for other cardiovascular malformations.11 
As most cases of HLH syndrome are associated with aortic 
valve pathology, specifically aortic atresia, aberrant aortic valve 
development is implicated. As noted above, aortic valve for-
mation involves epithelial-to-mesenchymal transformation in 
the endocardial cushions, which is regulated in part through 
NOTCH signaling. The NOTCH signaling pathway regulates 
the genes Hey1/2, and knockout animal models demonstrate 
arterial structures hypoplasia.6 Other single genes associated 
with HLH syndrome include Connexin 43 (GJA1), the EGFR 
family tyrosine kinase receptor (ERBB4), the transcription 
factor NKX2.5, and those encoding the HAND proteins.6,10,11 
A number of different chromosomal abnormalities have been 
described, with Turner syndrome the most common. Other 
chromosomal abnormalities have been associated with HLH. 
Jacobsen syndrome (11q deletion), is especially vulnerable to 
HLH, with 5 to10 percent of patients affected.

Treatment: For LVOTO such as BAV, treatment is rec-
ommended when individuals are symptomatic; then, valve 
replacement is indicated in adults or balloon valvuloplasty in 
children. In subaortic stenosis, the preferred approach involves 
surgical resection of the subaortic tissue to relieve obstruction 
and prevent worsening aortic valve damage and regurgita-
tion.13 For supravalvar aortic stenosis, patch aortoplasty is indi-
cated when stenosis is severe with a large pressure gradient.14 
HLH requires immediate prostaglandin therapy to maintain 
the ductus arteriosus, followed by surgical palliation which is 
typically completed in three stages.

Survival in HLH depends on a three-stage surgical proce-
dure (Fig. 20.4.2), which ultimately results in the single ventri-
cle or “Fontan” circulation, with the right ventricle supporting 
systemic circulation and systemic venous return flowing pas-
sively to the pulmonary arteries.15,16 The first stage (Norwood 
procedure) involves reconstruction of the ascending aorta 
using the native pulmonary outflow and anastomosing it to the 
native aorta with a graft to supply systemic flow. To allow flow 
to the lungs, a Blalock-Taussig shunt or Sano modification is 
used to connect right ventricular flow to the pulmonary arter-
ies. Stage two is typically performed at age four to five months 
to alleviate worsening cyanosis, and involves anastomosis of 
the superior vena cava flow to the pulmonary artery, with take-
down of the Sano or Blalock-Taussig shunt. The final stage, 
or Fontan procedure, is usually performed at age two to four 
years and involves anastomosis of the inferior vena cava to the 

pulmonary artery system, dividing the circulation again into 
pulmonary and systemic circuits and completing the staged 
palliation process (Fig. 20.4.2).

Prognosis: Prognosis for LVOTO varies with severity. 
Bicuspid aortic valve, the most common lesion, is usually 
asymptomatic until adulthood when valve stenosis and regur-
gitation may develop, likely associated with age-related valve 
calcification.17 The risk of associated aortic dilatation, aortic 
dissection, and endocarditis are all increased in adulthood. In 
one study, 40  percent of BAV patients were found to have a 
related surgical or medical issue by 52 years of age.3 In child-
hood symptomatic BAV is less common, with only one in 50 

Pre-op

Stage 1

Stage 2

Stage 3

a b c

Fig. 20.4.2 Hypoplastic left heart syndrome from birth to final palliation. 
Pre-op: hypoplastic left ventricle and a diminutive ascending aorta with duct-
dependent systemic circulation. Stage 1: (a) classical Norwood procedure with 
a modified Blalock–Taussig shunt; (b) The Sano modification with a right-sided 
RV-PA conduit; (c) The hybrid stage 1 palliation with bilateral pulmonary artery 
bands and a stent within the systemic ductus arteriosus. Stage 2: the superior 
vena cava is anastomosed to the right pulmonary artery to provide the sole 
source of pulmonary blood flow. Stage 3: the inferior vena cava and the 
hepatic veins are rerouted to the pulmonary arteries by means of a Gore-Tex 
conduit—the circulation is in series with a systemic right ventricle. (Adapted by 
permission from BMJ Publishing Group Limited. Stumper O: Hypoplastic left 
heart syndrome. Postgrad Med J 86:183, 2010.)
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children having clinically significant disease by adolescence. 
The clinical course of subaortic stenosis is progressive, with 
worsening aortic regurgitation and stenosis. Aortic regurgita-
tion occurs in 30 to 50 percent of children and 80 percent of 
adults with subaortic stenosis.13,17 Subaortic stenosis, particu-
larly fibromuscular subaortic stenosis, tends to recur, requiring 
multiple procedures over a lifetime. Supravalvar aortic stenosis 
may also be associated with narrowing of the pulmonary and 
coronary arteries. Thirty percent of patients with supravalvar 
aortic stenosis will eventually require surgical treatment. The 
prognosis for HLH has improved greatly in the last 25 years. 
In the current era, surgical mortality through staged pallia-
tion is 15 to 20 percent through the third Fontan stage of pal-
liation, and 70  percent of infants born with HLH syndrome 
are expected to reach adulthood.18 As the HLH patient ages, 
there is risk for significant morbidity including heart failure, 
protein-losing enteropathy, plastic bronchitis, arrhythmias, 
and neurologic problems.18
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20.5 rIGHt OUtflOW traCt OBstrUCtIVe lesIONs

(Tetralogy of Fallot, Pulmonary Stenosis, Pulmonary Atresia with Intact Ventricular Septum)

Definition: Outflow obstruction at the right ventricle, pulmonary valve, or in the pulmonary arteries.

ICD9/ICD10:
Pulmonary stenosis: 746.02/Q22.1
Pulmonary valve atresia with intact ventricular 
septum: 746.01/Q22.0
Tetralogy of Fallot: 745.2/Q21.3

Syndrome Associations (Appendix)
Tetralogy of Fallot
Holt-Oram (TBX5)
Trisomies 13, 18, 31
del 22q11.2
Pulmonary valve stenosis
Alagille (JAG1, NOTCH2)
Costello (HRAS)
Keutel (MGP)
Multiple lentigines (PTPN11)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Williams (ELN, del 7p)
del 22q11.2
Prenatal rubella infection
Pulmonary artery branch stenosis
Alagille (JAG1, NOTCH2)
Ehlers-Danlos (COL1A2, COL3A1)
Multiple lentigines (PTPN11)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Williams (ELN, del 7p)

Birth prevalence:
Pulmonary stenosis: 1/1,400
Pulmonary valve atresia with intact ventricular 
septum: 1/25,000
Tetralogy of Fallot: 1/2,500

Associated anomalies: various systems involved in 
syndromal forms

Laboratory studies: genomic microarray, selected gene 
sequencing

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian, environmental

Right ventricular outflow tract obstruction may be located 
anywhere along the outflow tract including the right ventricle 
(RV), the infundibulum, the pulmonary valve, just distal to 
the pulmonary valve (supravalvar), or the pulmonary branch 
and arteries. Multiple different syndromes and genetic and 
molecular pathways can contribute to right outflow obstruc-
tion including but not limited to transcription factors affecting 
the second heart field, genes encoding RAS/MAPK signaling 
pathway proteins, and molecules involved in differentiation of 
neural crest cells in the outflow tract. Three of the more com-
mon right ventricular outflow tract obstructive lesions (tetral-
ogy of Fallot, pulmonary stenosis, and pulmonary atresia with 
intact ventricular septum) are discussed below.

T E T R A L O G Y  O F   FA L L O T

Tetralogy of Fallot (TOF), the most common cyanotic con-
genital heart defect, comprises 3.5 percent of congenital heart 
disease and affects males and females equally.1 In its simplest 
form, TOF has four anatomic features:  pulmonary stenosis, 
ventricular septal defect (VSD), overriding aorta, and right 
ventricular hypertrophy (Fig. 20.5.1). These four anatomic 
features are the end result of one pathologic defect, anterior 
malalignment of the conal septum. TOF has a highly variable 
pulmonary anatomy with differing degrees of pulmonary valve 

stenosis. Some variants of TOF include TOF with pulmonary 
atresia and TOF with absent pulmonary valve. The VSD in TOF 
is usually large and nonrestrictive, allowing for equal right and 
left ventricle pressures. The degree of pulmonary obstruction 
determines the extent of left to right shunt through the VSD. 
Additionally, patients may have coronary artery anomalies, the 
most common of which is origin of the left anterior descend-
ing artery from the right coronary artery.

Patients often present with an abnormal prenatal ultra-
sound or with cyanosis in the first weeks of life. On exam, a 
harsh systolic crescendo-decrescendo murmur is heard over 
the left sternal border due to pulmonary artery obstruction. 
Patients may experience cyanotic episodes (“Tet spells”) dur-
ing crying that may be relieved with bringing the knees to the 
chest. Older children with cyanosis, squatting, or recurrent 
cyanotic episodes are rarely seen in industrialized countries, 
as TOF is usually repaired in infancy. In unrepaired children, 
activities such as exercise that reduce systemic resistance and 
increase right-to-left shunting increase cyanosis; often these 
children are seen in a squatting position to increase systemic 
resistance.

The embryological basis of TOF is malalignment of the 
portion of the interventricular septum called the conal septum, 
which makes up the proximal portion of the right ventricu-
lar outflow tract. The conal septum is anteriorly malaligned, 
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creating a defect in the septum and bringing the aortic valve 
anterior and rightward into the right ventricular outflow tract, 
causing both the overriding aorta and pulmonary stenosis.2 
When the degree of aortic override is severe—sometimes 
defined as greater than 50 percent override of the aorta—this 
lesion is classified as double outlet right ventricle (see Entry 
20.8).2 One proposed mechanism of the dextroposed aorta is 
that a defect in the secondary heart field (SHF) results in a sig-
nificant reduction of cells added to the distal outflow tract, in 
turn resulting in abnormal looping and disrupting a process 
essential for normal alignment of the aorta and left ventricle.2 
Multiple signaling molecules are implicated in the develop-
ing outflow tract. The myocardium of the conotruncus is 
lengthened from the SHF derived from splanchnic mesoderm 
beneath the foregut, which express both Nkx2.5 and Gata-4 
in the chick embryo.3 As cells move into the secondary heart 
field, HNK-1 and MF-20 (a marker for myosin heavy chain) 
are expressed; additionally FGF-8 in the ventral pharynx and 
BMP-2 in the SHF appear to participate in cell induction.3

Tetralogy of Fallot is a genetically heterogeneous car-
diac malformation.4 It is the most common cyanotic con-
genital heart disease and is found in a number of syndromes, 
with 22q11.2 deletion syndrome being the most recognized. 
Seventeen percent of patients with this deletion have TOF (Fig. 
20.5.2). However, TOF is usually isolated and sporadic. In a 
study of 230 unselected patients, genetic aberrations were only 
found in 18  percent; 22q11.2 deletion was found in 7.4  per-
cent and trisomy 21 in 5.2 percent.4 Single gene mutations in 
JAG1, NKX2.5, and TBX1 (located within the deletion 22q11.2 
region), and ZFPM2/FOG2 have been reported.4-6

In the past, palliation was done with a systemic-to-
pulmonary shunt, with the original procedure being the 
Blalock-Taussig shunt with complete repair at a later age. 
Propranolol was sometimes used prior to complete repair to 

decrease the frequency of “Tet spells,” most likely by decreas-
ing right ventricular dynamic outflow tract obstruction. 
Definitive therapy is surgical repair relief of the right outflow 
tract obstruction and patch closure of the VSD, which is typi-
cally performed between three and six months of age.7 The 
30-year survival rate was 80 percent.

P U L M O N A RY  S T E N O S I S

Pulmonary stenosis (PS) makes up 8 percent of all CHDs and 
is usually found in isolation but may be found with atrial sep-
tal defects (ASDs), VSDs, TOF, Ebstein anomaly, double outlet 
right ventricle, transposition of the great arteries, and persis-
tent ductus arteriosus.8 This entry will focus on PS with intact 
ventricular septum.9

Patients with mild PS may be diagnosed after a murmur 
is heard during routine examination. Patients with severe PS 
present with elevated RV pressures, which can lead to RV 
hypertrophy, RV failure, and tricuspid valve regurgitation. 
Due to elevated right atrial pressure increasing above left atrial 
pressure, a right-to-left shunt may develop through either a 
patent foramen ovale or ASD resulting in cyanosis. The infant 
with severe PS may be in heart failure with tachypnea, tachy-
cardia, and cyanosis. Critical pulmonary stenosis is defined as 
obstruction to antegrade pulmonary blood flow, which neces-
sitates patency of the ductus arteriosus and requires urgent 
management. Diagnosis is made with echocardiography and 
continuous wave Doppler estimates the pressure drop across 
stenosis.

Pulmonary stenosis can occur at three different 
locations—subvalvar (infundibular), valvar, and supravalvar, 
with valvar PS the most common. Morphologically, valvar 
pulmonary stenosis usually has a dome-shaped valve with a 
small orifice in the center and fused raphe. Less commonly, 

Fig. 20.5.1 Echocardiogram image of Tetralogy of Fallot demonstrating a 
hypertrophied right ventricle, a ventricular septal defect, and an overriding 
aortic valve. VSD: ventricular septal defect; AO: aorta; RV: right ventricle; 
LV: left vessntricle. Fig. 20.5.2 Eight-year-old girl with del 22q11.2



H e a r t  |  585

the pulmonary valve is dysplastic with myxomatous leaflets, as 
seen in Noonan syndrome and other RASopathies.

The group of conditions known collectively as RASopathies 
represents a high percentage of valvar pulmonary stenosis 
with dysplastic valve leaflets. These conditions result from 
autosomal dominantly inherited mutations that usually 
result in gain of function for proteins that participate in RAS/
mitogen-activated protein kinase pathway (RAS/MAPK). The 
most common RASopathy is Noonan syndrome, which can be 
due to mutations in a number of RAS/MAPK pathway genes, 
with PTPN11 responsible in roughly 50  percent of cases. 
Other RASopathies with congenital heart disease include 
Noonan syndrome with multiple lentigines (formerly known 
as LEOPARD syndrome), Costello syndrome, and cardiofacio-
cutaneous syndrome (Fig. 20.5.3).

Subvalvar PS can be further divided into infundibular and 
subinfundibular. Infundibular PS is usually found in TOF; iso-
lated infundibular PS is rare and can be a result of muscular 
hypertrophy secondary to valvar stenosis and elevated right 
ventricular pressures. Subinfundibular PS is also known as 
double chambered right ventricle (DCRV) and may be caused 
by an anomalous muscle band or muscle hypertrophy second-
ary to a high-velocity small VSD.9

Supravalvar stenosis is located anywhere distal to the pul-
monary valve including the pulmonary trunk and the pulmo-
nary branches. Several syndromes including Alagille syndrome, 

Noonan syndrome, 22q11.2 deletion syndrome, Williams syn-
drome, and congenital rubella syndrome are associated with 
supravalvar stenosis. Alagille syndrome is the result of muta-
tions in the Notch ligand JAG1 or the gene encoding its recep-
tor, NOTCH2. In mouse models, inhibition of Notch signaling 
in neural crest derivative cells has been shown to be important 
in the differentiation of neural crest cells into vascular smooth 
muscle suggesting the likely molecular and cellular mechanism 
of pulmonary stenosis in Alagille syndrome.10 JAG1 mutations 
have also been found in isolated PS.10

Balloon dilation is the treatment of choice for most cases of 
valvar pulmonary stenosis. In one study, 11 percent of patients 
needed repeat balloon dilatation and 5 percent required sur-
gery for subvalvar or supravalvar stenosis.11 In Noonan syn-
drome, balloon dilatation does not have the same success rate 
as in sporadic pulmonary stenosis, most likely secondary to 
dysplastic valve anatomy. The re-intervention rate for per-
cutaneous balloon pulmonary valvuloplasty is 65  percent in 
Noonan syndrome.12

Peripheral pulmonary stenosis often resolves without 
intervention. If the patient is symptomatic with dyspnea or 
has elevated right ventricular pressures, therapy is indicated. 
Potential therapeutic options include balloon angioplasty, 
endovascular stenting, or surgery.13

P U L M O N A RY  AT R E S I A  W I T H   I N TA C T 
V E N T R I C U L A R   S E P T U M

Pulmonary atresia with intact ventricular septum (PAIVS) 
is a rare condition characterized by complete obstruction of 
the right outflow tract due to pulmonary valve atresia, and an 
intact ventricular septum. PAIVS exhibits substantial mor-
phologic variability with varying degrees of right ventricular 
hypoplasia, tricuspid valve regurgitation, and right ventricular 
coronary artery connections.

Infants present at birth with cyanosis and tachypnea, and a 
systolic murmur from tricuspid regurgitation may be heard on 
exam. Definitive diagnosis is with echocardiography. Because 
of complete right ventricular obstruction, neonates are fre-
quently dependent on the ductus anteriosus for pulmonary 
blood flow and require immediate stabilization with prosta-
glandin E1. Further treatment depends largely on the specific 
anatomy. On the milder end of the spectrum, patients with 
membranous (valvar) atresia and adequate right ventricle 
size may be appropriate for radiofrequency valvotomy.14 More 
severely affected patients with hypoplastic right ventricles 
are treated as functional single ventricles and require surgi-
cal establishment of Fontan circulation. Some patients lack 
true branch pulmonary arteries and instead oxygenate their 
blood through a series of collateral networks that arise from 
the descending aorta, perfuse segments of the lung, and then 
drain back to the heart via the pulmonary veins. In a 20-year 
European study, the survival of children at a median of six 
years of age was 62 percent, and of those who received surgical 
repair, 75 percent survived the first year.15

Little is known of the etiology of PAIVS, though twins with 
a bi-allelic deletion of chromosome 20q13.12, and first cous-
ins, have been reported.16,17

Fig. 20.5.3 Eight-year-old boy with Costello syndrome and pulmonary stenosis. 
He has the typical facial appearance of the condition (hypertelorism, downslanted 
palpebral fissures, full nasal tip, broad mouth with full lips, small low-set ears 
with upturned lobules, broad forehead) and curly hair. A glimpse of his thumb 
demonstrates extreme joint laxity, spatulate finger pad, and ulnar deviation.
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20.6 CONOtrUNCal DefeCts

(Truncus Arteriosus: persistent truncus arteriosus. D-Transposition of the Great Arteries:  physiologically uncorrected trans-
position, complete transposition, atrioventricular concordance with ventriculoarterial discordance. L-Transposition of the 
Great Arteries:  corrected transposition, atrioventricular discordance with ventriculoarterial discordance. Aortopulmonary 
Window: aortopulmonary septal defect)

Definition: Cardiac outflow tract malformations due to embryonic perturbations in the aorticopulmonary septum.

ICD9/ICD10:
Truncus arteriosus: 745.0/Q20.0
Transposition of the great arteries: 745.1/Q20.3
Aortopulmonary window: 745.0/Q21.4

Syndrome Associations (Appendix)
Truncus arteriosus
del 22q11.2
Transposition of the great arteries
Heterotaxy (right isomerism)
CHARGE (CDH7, SEMA3E)
Marfan (FBN1)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Tuberous sclerosis (TSC1, TSC2)
Turner
VACTERL
Williams (ELN, del7p)
Trisomies 8, 18
del 11q
del 18p
del 22q11.2
Aortopulmonary window
Berry

Birth prevalence:
Truncus arteriosus: 1/1,800
Transposition of the great arteries: 1/2,800

Associated anomalies:
Truncus arteriosus: right aortic arch, interrupted aortic 
arch (type A and B), single coronary artery
Transposition of the great arteries: ventricular septal 
defect, pulmonary stenosis
Aortopulmonary window: ventricular septal defect, 
interrupted aortic arch Type A, tetralogy of Fallot

Laboratory studies: chromosomal microarray, selected 
sequencing tests

Prenatal diagnosis: ultrasonography

Cause: Transposition of the great arteries: failure of aorta 
to spiral clockwise in direction of the left ventricle during 
early embryogenesis
Aortopulmonary window: failure of fusion of the two 
opposing conotruncal ridges
Truncus arteriosus: neural crest migration defects in early 
embryogenesis
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Fig. 20.6.1 Truncus arteriosus. Magnetic resonance image in the coronal 
projection, which demonstrates a single artery leaving the heart that overrides 
both ventricles with a single valve (truncal valve). A single pulmonary trunk 
originates from the anatomic left side of the common arterial trunk, a Type A1 
truncus.

This section focuses on defects of the conotruncus, which 
comprises two myocardial subsegments of the cardiac outflow 
tract. The conus is a band of muscle just distal to the ventricles, 
which persists in the fully developed heart as the subpulmo-
nary infundibulum and regresses on the aortic side.1 The trun-
cus arteriosus is distal to the conus and, following septation 
in embryogenesis, allows blood flow to be divided between 
systemic and pulmonary circulations. Conotruncal malforma-
tions are typically characterized by a defect in the conotruncal 
septum and include a number of different lesions such as trun-
cus arteriosus, transposition of the great arteries (TGA), aor-
topulmonary window, tetralogy of Fallot, and double-outlet 
right ventricle. Tetralogy of Fallot is discussed in Entry 20.5, 
and double-outlet right ventricle in Entry 20.7.

T R U N C U S  A RT E R I O S U S

Truncus arteriosus (TA) is failure of separation of the aorta 
and pulmonary trunk, resulting in a single artery that typically 
overrides both ventricles and supplies blood to the systemic, 
pulmonary, and coronary arteries (Fig. 20.6.1). In one patho-
logic study the truncus arteriosus originated equally from both 
ventricles in 42 percent, primarily from the right ventricle in 
42  percent, and primarily from the left ventricle in 16  per-
cent.2 Only one semilunar valve is present, the truncal valve, 
which is often dysplastic and may be tricuspid (42  percent), 
bicuspid (30 percent), quadricuspid (24 percent), or have five 
or six cusps. There are various possible origins of the pulmo-
nary arteries, which have been used to classify truncus arte-
riosus into subtypes. The most common subtype (47 percent 
in one study), labeled Type A1, is a single pulmonary trunk 
that originates from the left side of the common arterial trunk 
and then branches into the right and left pulmonary arteries.3 

The second most common, Type A2, is characterized by sepa-
rate origins of the left and right pulmonary arteries from the 
common arterial trunk. Type A3 consists of one pulmonary 
branch originating from the common trunk with blood flow 
to the other lung supplied by a pulmonary artery arising from 
the aortic arch or from system to pulmonary collaterals. Type 
A4 signifies an interrupted aortic arch and usually has a pul-
monary artery configuration similar to Type A1.3 Cardiac 
anomalies associated with TA include ventricular septal defect 
in nearly all cases, in addition to right aortic arch, interruption 
of the aortic arch, single coronary artery, and high posterior 
origin of the left coronary artery.2

Patients often present as newborns with congestive heart 
failure secondary to massive left-to-right shunt from unre-
stricted flow through the truncus into the branch pulmonary 
arteries as the pulmonary vascular resistance falls during the 
first week of life. The pulmonary artery pressure equals the 
pressure in the truncus arteriosus if no pulmonary steno-
sis exists, resulting in excessive pulmonary blood flow. On 
examination, newborns present with tachypnea, tachycardia, 
poor feeding, a continuous murmur best heard at left upper 
sternal border, and possibly a click from truncal valve closure. 
Definitive diagnosis is made with echocardiogram.

Like other conotruncal abnormalities, neural crest cell 
migration defects in early embryogenesis are thought to be 
important in failed septation leading to a persistent truncus 
arteriosus.1,4,5 A genetic component explains part of the etiology 
of truncus arteriosus, as 9.4 percent of first-degree relatives of 
probands and 3.9 of parents have cardiac lesions.6 Additionally, 
a third of patients with truncus arteriosus have 22q11.2 dele-
tions.7 Patients with deletion 22q11.2 usually have a 3 Mb 
interstitial deletion encompassing the gene TBX1, which has 
been implicated in conotruncal and other heart anomalies in 
both human and animal studies.8 The causes of isolated non-
syndromal truncus arteriosus are mostly unknown, although 
reports of single families have been described including one 
with a homozygous mutation in PLXND1.9

Surgical correction of truncus arteriosus is required for 
long-term survival.10 Surgical management consists of closure 
of the ventricular defect followed by placement of a conduit 
from the right ventricle to the branch pulmonary arteries. The 
optimal timing of surgery is in early infancy to prevent irre-
versible pulmonary vascular disease from a large left-to-right 
shunt. One study found postoperative survival of 93 percent 
at six years, with 23  percent of patients eventually needing 
reoperation for right ventricle-to-pulmonary artery conduit 
replacement.10

T R A N S P O S I T I O N  O F   T H E  G R E AT 
A RT E R I E S

There are two main anatomical variations that comprise the 
group of defects known as transposition of the great arteries 
(TGA). D-transposition of the great arteries (D-TGA) is the 
most common type with L-transposition being less common. 
D-TGA is characterized by atrioventricular concordance and 
ventriculoarterial discordance, where the aorta arises from 
the right ventricle and the pulmonary artery arises from the 
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left ventricle (Fig. 20.6.2). The incidence is 2.1 per 10,000 live 
births, with a male to female ratio of 1:5.11,12 The atria and 
ventricles are normally positioned, and the great arteries are 
transposed with the aorta anterior and rightward of the pul-
monary artery. In L-transposition of the great arteries (L-TGA, 
sometimes referred to as “congenitally corrected TGA”), both 
the great arteries and the ventricles (L-looping) are inverted. 
Systemic venous return from the right atrium is directed 
through the morphologic left ventricle and into the pulmo-
nary artery, with pulmonary venous return directed through 
the morphologic right ventricle into the aorta.

In D-TGA, the anterior and right-sided aorta has a subaor-
tic conus, while the posterior and left-sided pulmonary valve 
has fibrous continuity with the mitral valve. There are a num-
ber of associated cardiac anomalies that further characterize 
TGA into subtypes, which determine appropriate surgical cor-
rection. The simplest subtype is TGA with intact ventricular 
septum; other subtypes include TGA with ventricular septal 
defect (VSD), and TGA with VSD and pulmonary stenosis. 
Additionally, patients with TGA often have coronary artery 
anomalies, with a left circumflex artery originating from the 
right coronary artery being most common.

Unlike the blood flow of normal cardiac circulation, in 
D-TGA, blood flow of the pulmonary and systemic circula-
tions are in parallel, with oxygenated blood from the left ven-
tricle recirculated to the lungs via a transposed pulmonary 

artery and systemic return from the right ventricle recircu-
lated through a transposed aorta. In general, the degree of 
mixing through an atrial septal defect (ASD) determines the 
clinical presentation. In the most simple and common pre-
sentation of D-TGA with intact ventricular septum, there is 
minimal mixing at the atrial level, and severe cyanosis is pres-
ent within first hours of life. In TGA with a large unrestric-
tive ASD and/or VSD, cyanosis may only be present during 
stress and will present with congestive heart failure secondary 
to large intracardiac shunting. Definitive diagnosis of TGA is 
with echocardiography.

TGA is believed to occur in early embryogenesis when the 
aorta fails to spiral clockwise in the direction of the left ven-
tricle. In the embryonic heart, as the heart begins to loop, both 
the aortic and pulmonary valves are side by side with a muscu-
lar tube (conus) proximal to the valves.13 In the normal heart, 
the aortic valve conus is resorbed, resulting in fibrous continu-
ity between the aortic and mitral valves. After this resorption, 
the aortic valve moves from an anterior location to a posterior 
location with respect to the pulmonary valve; thus the pulmo-
nary valve becomes anterior and to the left of the aortic valve. 
By the end of heart formation, the aortic and pulmonary valves 
complete 150 degrees of dextrorotation. This configuration of 
subaortic conus without subpulmonary conus is found in both 
D-TGA and L-TGA.

The genetic etiology of TGA is largely unknown, as most 
TGA is sporadic and rarely associated with other genetic 
conditions. Studies suggesting a genetic component of TGA 
include a large study of patients with D-TGA where 1.4 per-
cent of first-degree relatives and 0.2 percent of parents had a 
cardiac lesion.6 The one condition that has a high incidence 
of D-TGA is right isomerism (heterotaxy), with 80 percent of 
patients having D-TGA.14 Additionally, genes responsible for 
heterotaxy, including ZIC3, NODAL, and CFC1, have been 
found mutated in isolated cases of TGA.1,15

Surgical correction is required for long-term survival of 
D-TGA patients, and different procedures are used depending 
on the associated anomaly and age of patient. For D-TGA with 
an intact ventricular septum, an arterial switch procedure is 
used in which the aorta and pulmonary arteries are transected 
and anastomosed to their appropriate ventricular outflow 
tracts, followed by transplantation of the coronary arteries to 
the neo-aorta. This procedure has an 88 percent 15-year sur-
vival.11 The arterial switch procedure is usually performed in 
the first weeks of life when the contractibility of the left ventri-
cle is still capable of supporting systemic circulation. Coronary 
anomalies or left ventricular outflow tract obstruction (pulmo-
nary stenosis) may prevent the use of the arterial switch proce-
dure, and another procedure such as a Rastelli type operation 
may be needed.11

A O RT O P U L M O N A RY   W I N D O W

Aortopulmonary window (APW) is a rare malformation occur-
ring in 0.1 percent to 0.2 percent of CHDs and is characterized 
by a communication between the ascending aorta and pulmo-
nary trunk, with two separate semilunar valves present (Fig. 
20.6.3).16 Aortopulmonary artery can be found in isolation or 
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Fig. 20.6.2 D-transposition of the great arteries. In this heart defect the aorta 
is connected to the right ventricle and the pulmonary artery is connected to 
the left ventricle; thus, deoxygenated blood returning from the body is again 
circulated to the body, and oxygenated blood returning from the lungs is 
again circulated out to the lungs, so-called circulation in parallel. Ao: aorta; 
PA: pulmonary artery; RA: right atrium; RV: right ventricle; LA: left atrium; 
LV: left ventricle.
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with other anomalies such as type A  interrupted aortic arch 
or abnormal origin of the coronary arteries.16 Several different 
classification methods have been suggested based on size and 
location of the APW.17

Anatomically, APW and truncus arteriosus (TA) involve 
the same region of the heart. The embryogenesis of TA 
involves perturbations in the cardiac neural crest cell contribu-
tion to the aorticopulmonary septum; however, the embryonic 
underpinnings of APW are unknown and may not be similar 
to TA.4,5,18 Genetic etiologies of aortopulmonary window are 
also unknown, and only isolated cases with suggested causes, 
such as those involving submicroscopic deletions, have been 
described.19 In a cohort of 20 patients with APW and inter-
rupted aortic arch, one patient had CHARGE syndrome, and 
one neonate had deletion of the long arm of chromosome 21.20

The defects are usually large and nonrestrictive, and 
patients present in the first weeks of life with right-sided heart 
failure occurring as the pulmonary vascular resistance drops. 
On examination a continuous murmur is appreciated, which 
becomes louder as pulmonary vascular resistance drops after 
birth. Definitive diagnosis is made with echocardiography and 
Doppler visualization of the defect.

APW surgical techniques have evolved, with most centers 
using transaortic patch closure. Most patients undergo surgery 

as neonates to prevent irreversible pulmonary hypertension.17 
Currently, long-term survival after APW repair is excellent.
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20.7 sINGle VeNtrICle

(Common Ventricle, Double-Inlet Ventricle, Univentricle)

Definition: One ventricular chamber receives blood flow from both atrioventricular valves or a common atrioventricular 
valve. The term single ventricle excludes tricuspid and mitral atresia.

ICD9/ICD10: 745.3/Q20.4 Syndrome Associations (Appendix)
None

Birth prevalence: 1/16,000

Associated anomalies: protein losing enteropathy, cardiac 
arrhythmias, venous thrombosis

Laboratory studies: alpha 1-antitrypsin (PLE), serum 
total protein and albumin, prothrombin time

Prenatal diagnosis: ultrasonography

Cause: unknown

True single ventricle is defined as a single ventricle chamber 
with a double inlet atrioventricular (AV) valve (double-inlet 
left ventricle) or a common AV valve; thus a single ventricle 
receives blood from both atria (Fig. 20.7.1).1,2 There are a num-
ber of other cardiac malformations that are physiologically 
and anatomically similar to single ventricle and have either 
one atretic AV valve or a dominant ventricle and a hypoplas-
tic or diminutive ventricle. These malformations are called 
“functional” single ventricle and include hypoplastic left heart 
syndrome, tricuspid atresia, and certain forms of heterotaxy. 
This section will focus on single ventricle as defined above, and 

functional single ventricle malformations are covered in other 
entries.

This is a rare condition with no difference in male versus 
female prevalence. The birth incidence is difficult to estimate, 
as it will vary with definition of single ventricle; some esti-
mates will include functional single ventricle defects such as 
hypoplastic left heart or tricuspid atresia in the classification. 
The incidence has been estimated as 4 to 8 per 10,000 births if 
functional single ventricle is included (tricuspid atresia, hypo-
plastic left heart syndrome, hypoplastic right heart syndrome) 
and 6.1 per 100,000 for single ventricle alone.3,4

In the primitive heart, blood flows from the atrioven-
tricular canal to the ventricle (precursor to the left ventricle) 
through the bulbus cordis (future right ventricle) and then 
to the truncus arteriosus (precursor to the great arteries).5 
Thus, all human hearts begin as a functional single ventricle, 
receiving flow from the atrioventricular valves and sending 
the flow through the right ventricular precursor and on to 
the great vessels. When the heart loops, this brings the inlet 
ventricle (left ventricle) posterior and leftward, and aligns it 
with the mitral and aortic valves; the outlet ventricle (right 
ventricle) comes rightward and anterior and aligns with the 
tricuspid and pulmonary valves. Failure of ventricular loop-
ing, abnormal ventricular septation, or failure of the AV canal 
to move right from its embryonic position over the left ven-
tricle may result in a single ventricle–type defect. The most 
common form of single ventricle is referred to as double inlet 
left ventricle with L-looping ventricles and a diminutive right 
ventricle.5,6 The genetic etiology of single ventricle is largely 
unknown and unexplained. One small study of nine patients 
with double inlet left ventricle found one patient with a GATA4 
variant (p. L403M).7

The first step in characterizing a single ventricle is deter-
mining whether the ventricle is of right or left ventricular 
morphology. This is not determined based on the location in 
the chest; rather, the definition of a morphologic right and left 
ventricle is based on ventricular trabeculations (fine in left 

Fig. 20.7.1 Cardiac MR image of double inlet left ventricle. Mitral valve annulus 
is indicated by *, tricuspid valve annulus is indicated by #. Both valves are open 
in diastole as they empty into a single left ventricle. RA: right atrium; LA: left 
atrium; LV: left ventricle.
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ventricle and rough in right), heart looping, and the shape and 
characteristics of the atrioventricular valve that allows blood to 
pass into the ventricle.

Common cardiac malformations associated with single 
ventricle include transposition of the great arteries, pulmonary 
stenosis, and heterotaxy. Transposition of the great arteries 
(TGA) is commonly found in single ventricle, with one study 
of necropsied cases reporting TGA in 85 percent of patients.8 
Heterotaxy is frequently associated with single ventricle. In a 
study of 2,550 congenital heart malformations, 17 of 26 single 
right ventricles and five of 21 single left ventricles had hetero-
taxy; additionally, all cases of single ventricle with heterotaxy 
had a common AV canal. See Heterotaxy (Entry 20.13) for 
further information. Pulmonary stenosis or atresia occurs in 
almost 50 percent of cases.8

The above-described anatomy results in mixing of pulmo-
nary and systemic venous returns in the single ventricle, with 
pulmonary and aortic artery oxygen saturations being equal; 
thus, all patients will be cyanotic. The degree of cyanosis and 
the clinical course of the infant depend on the amount of pul-
monary stenosis. Many fetuses present prenatally with diag-
nosis by obstetric ultrasound. Cyanosis is the most common 
presentation in the neonate, especially if subpulmonary ste-
nosis is present. Aortic obstruction may be present and in its 
extreme form can cause tachypnea, lethargy, and poor feeding. 
Depending on the morphologic nature of the single ventricle 
and the degree of outflow obstruction, congestive heart fail-
ure, shock, and murmurs may be present.3 On exam, a systolic 
ejection murmur is heard if subpulmonic stenosis or aortic 
obstruction is present. Two-dimensional echocardiography is 
diagnostic for single ventricle (Fig. 20.7.1). Additionally, sub-
pulmonary stenosis and aortic obstruction can be diagnosed.

Treatment: Initial treatment depends on anatomy of malfor-
mation. If pulmonary atresia or critical systemic outflow tract 
obstruction are present, prostaglandin E1 is given after birth. 
Depending on the degree of pulmonary stenosis, a neonate 
may need a more stable source of pulmonary blood flow with a 
modified Blalock-Taussig shunt, or they may need to limit pul-
monary blood flow with a pulmonary artery band procedure. 
If systemic obstruction is present, a Norwood procedure is 
needed in first weeks of life.9 The ultimate goal for single ven-
tricle and other “functional” single ventricles is surgical pallia-
tion by establishing Fontan circulation. The term palliation is 
used, as the surgical procedure does not cure the single ven-
tricle and patients do not live a normal lifespan. Fontan sur-
gery was initially developed by Dr. Fontan in the early 1970s 
for treatment of pulmonary atresia, a form of functional single 
ventricle.10 Fontan circulation directs venous return to the pul-
monary arteries without the normal pumping pressure gener-
ated by the right ventricle. The pulmonary flow then returns to 
the left atrium, enters the single ventricle, and is pumped to the 

aorta and system, thus separating pulmonary and systemic cir-
culations and eliminating presurgery mixing of venous returns. 
This is usually accomplished in two stages, with the first stage, 
a bidirectional Glenn procedure (directing superior vena cava 
flow to the pulmonary circulation), done at six months of age. 
The Fontan completion (connecting inferior vena flow to the 
pulmonary circulation) is accomplished at approximately two 
years of age. See Left ventricular outflow obstruction (Entry 
20.4) for further details. Postsurgical patients often need a 
pacemaker secondary to sinus node dysfunction and due to 
bradycardia from antiarrhythmia medication.

Prognosis: The natural history of single ventricle must be 
considered in light of the complex surgical repair available, 
specifically establishing Fontan circulation. Prior to surgical 
palliation, few patients survived beyond childhood. In the 
pre-Fontan era, one cohort of 60 necropsied cases was signifi-
cant for a median age of death of 6.8 months.8 Even with pal-
liation surgery survival is poor, with one study showing only 
48  percent survival in single ventricle and functional single 
ventricle patients at 10 years.11 Additionally, Fontan circulation 
introduces a multitude of morbidities. Given the increased 
venous pressure (10–15mm Hg; normal is less than 10mm 
Hg) and the increased load of both systemic and pulmonary 
resistance placed on a single ventricle, the heart is strained and 
prone to heart failure. Other postoperative problems include 
increased thrombosis, protein-losing enteropathy, and cardiac 
arrhythmias.12
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20.8 DOUBle OUtlet rIGHt VeNtrICle

(Taussig-Bing Anomaly)

Definition: Aorta and pulmonary artery originate from the right ventricle.

ICD9/ICD10: 745.11/Q20.1 Syndrome Associations (Appendix)
Adams-Oliver (ARHGAP31, DOCK6, RBPJ, EOGT)
Ellis-van Creveld (EVC, EVC2)
Gardner-Silengo-Wachtel
Kabuki (KMT2D, KDM6A)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
Melnick-Needles (FLNA)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Opitz GBBB (MID1)
Ritscher-Schinzel
Robinow (WNT5A, ROR2)
Trisomies 13, 18
del 22q11.2

Birth prevalence: 1/6,500 live births

Associated anomalies: heterotaxy, ectopia cordis, 
diaphragmatic hernia, urogenital malformations

Laboratory studies: karyotype, genomic microarray, 
selected gene sequencing

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian (AD, AR, XL)

Double outlet right ventricle (DORV) is a conotruncal mal-
formation defined as both great vessels arising predominantly 
or entirely from the right ventricle (Fig. 20.8.1) and accounts 
for 2  percent of congenital heart disease.1-3 Ventricular sep-
tal defects (VSDs) are almost always present, and the type of 
DORV is classified by the anatomy of the VSD (Fig. 20.8.2). 
There is a spectrum of great artery positions relative to each 
other, ranging from near normal to near-transposed great 
arteries as they originate from the right ventricle. Given the 

Fig. 20.8.1 Echo image of double outlet right ventricle; the two semilunar 
valves originate from the right ventricle. The pulmonary valve is hypoplastic 
compared to the aortic valve. RV: right ventricle, LV: left ventricle; asterisks 
indicate the interventricular septum.

Subaortic VSD Subpulmonary VSD

Noncommitted VSD Doubly committed VSD

inlet

other

Fig. 20.8.2 Schematic of arrangement of the great vessels and ventricular 
septal defect in the four types of DORV. (Adapted from Aoki et al., J Thorac 
Cardovasc Surg 107:338, 1994, copyright Mosby-Year Book, Inc.)
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variability of the different VSDs, the different great artery 
arrangements, and the possibility of pulmonary stenosis, 
DORV is anatomically heterogeneous. The hallmark of this 
heterogeneous group of defects is the absence of fibrous con-
tinuity between the mitral valve and the adjacent semilunar 
valve, which defines a DORV.4

The embryogenesis of the spectrum of DORV is not well 
understood. However, in all human embryos the common 
outflow tract, or truncus arteriosus, is connected to the right 
ventricle in the primary heart tube. As the embryo develops, 
tissue remodeling leads to septation of the truncus arteriosus 
into an aorta and a main pulmonary artery and establishes 
continuity of the aorta with the left ventricle.2 Although little 
experimental evidence exists, most likely an anomaly in this 
embryonic process results in DORV, as the great arteries are 
separated from the left ventricle by conal muscle and therefore 
originate, in some degree, from the right ventricle. Because of 
this, the majority of DORV malformations have some degree 
of pulmonary stenosis.

Along with the basis of DORV embryogenesis, much is 
still to be learned about the genetic basis of this disorder. In 
a comprehensive review of the medical literature, Obler and 
Kaplan found 61 (41  percent) of 149 cases of DORV to be 
associated with chromosomal anomalies, with 31 of these 61 
cases associated with trisomies.2 Trisomies 18 and 13 were 
found most commonly, with 15 and 10 cases of 61 reported 
respectively; most of these cases additionally had hypoplas-
tic left heart syndrome. Fifteen cases involved chromosome 
8, with 14 cases involving short arm (8p) copy number varia-
tions; these cases also had atrioventricular valve abnormali-
ties. Eleven cases had deletions of 22q11.2. Unlike trisomies 
13 and 18, trisomy 21 is not associated with an increased risk 
of DORV.5

A number of syndromes have been associated with DORV 
(see Appendix) but few nonsyndromal genetic associations 
have been made. In the study by Obler and Kaplan, eight cases 
were associated with mutations in the CFC1 gene, with five of 
these cases also having heterotaxy.2 CFC1, a member of the 
epidermal growth factor-cryptic family (EGF-CFC) encodes 
an intercellular signaling molecule important in lateral plate 
mesoderm development.3 NKX2.5, a cardiac-specific homeo-
box gene associated with atrial and ventricular septal defects, 
was found in two cases in the above cohort.2

The anatomy and hence the physiology of DORV is deter-
mined by the type of VSD, extent of outflow tract obstruc-
tion, and the relationship of the great arteries, and therefore 
is a clinically heterogeneous group.6 Lev et al. devised a widely 
used classification system for DORV that uses the relationship 
of the VSD to the great arteries as the main classification fac-
tor.7 There are four main types of VSDs (Fig. 20.8.2) that are 
used to classify DORV. The first is subaortic, where the VSD 
can be closed such that the left ventricle delivers blood to the 
aorta. The second is subpulmonary, where the VSD can be 
closed such that the left ventricle delivers blood to the pulmo-
nary artery. Third is remote (noncommitted), where the VSD 
cannot be baffled to either of the great vessels. The fourth is 
doubly committed, where the VSD can be baffled to either 
great artery. Remote VSDs are often located near the cardiac 

apex or posteriorly and inferiorly, away from the great vessels 
(Fig. 20.8.2).

DORV with a subaortic VSD is the most common type 
and occurs in 55 percent to 70 percent of cases. Frequently this 
type of DORV also has features of subpulmonary and pulmo-
nary stenosis, occurring in roughly 50 percent of cases.2 Other 
types include DORV with subpulmonary VSD (also known 
as a Taussing-Bing anomaly), DORV with doubly committed 
VSD, and DORV with noncommitted VSD. In DORV with 
doubly committed VSD, the VSD is located just proximal to 
the aorta and pulmonary artery, as the infundibular septum is 
hypoplastic or absent. In DORV with noncommitted VSD, the 
VSD is located in the interventricular septum.

The clinical presentation depends on the type of VSD, the 
degree of outflow obstruction, and the systemic and pulmo-
nary vascular resistances. Infants present with cyanosis or 
heart failure or both, depending on the anatomy of the defect. 
Definitive diagnosis is made with echocardiography (Fig. 
20.8.1), which shows both the aorta and pulmonary artery 
aligned with the right ventricle, and can delineate the type of 
VSD and thus the type of repair.

Treatment: Biventricular repair is the goal if possible, when 
both ventricles are of sufficient size, as this maintains normal 
circulation; however, univentricular repair may be needed 
when complex anatomy poses an increased surgical risk or 
when chambers and/or outflows are absent.8,9 Approaches 
to treatment can be divided into three general scenarios. In 
DORV with subaortic VSD and DORV with doubly com-
mitted VSD, an interventricular baffle is created by attaching 
the VSD patch from the crest of the septum to the edge of 
the aorta, thereby channeling blood flow to the aorta. In the 
second scenario, DORV with subpulmonary VSD, an arterial 
switch operation with VSD baffle closure is preferred, which 
changes the VSD flow from the pulmonary circulation to the 
systemic circulation. In the third scenario, DORV with non-
committed VSD, repair is difficult and univentricular repair 
may be necessary based on anatomical anatomy; in biventric-
ular repair, ultimately a tunnel shunting blood from VSD to 
aorta is created.

Prognosis: Survival after surgical repair of DORV is excel-
lent. In one study of 124 patients who underwent intraven-
tricular tunnel repair, arterial switch operation, or modified 
Fontan, the 15-year survival rate was over 89 percent.10
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20.9 eBsteIN aNOmalY

Definition: Malformation of the tricuspid valve with displacement of valve coaptation point toward the cardiac apex, resulting 
in atrialization of the right ventricle.

ICD9/ICD10: 746.2/Q22.5 Syndrome Associations (Appendix)
Trisomy 21
Prenatal lithium exposure

Birth prevalence: 1/200,000

Associated anomalies: atrial septal defect, patent 
foramen ovale, pulmonary stenosis or atresia, left 
ventricular noncompaction, ventricular septal defect, 
Wolf-Parkinson-White syndrome

Laboratory studies: karyotype, genomic microarray, 
selected mutation testing

Prenatal diagnosis: fetal echocardiogram: fetal 
cardiomegaly, atrial and ventricular tachyarrhythmias, or 
hydrops fetalis

Cause: embryonic failure of endocardial cushion 
delamination during tricuspid valve formation

Ebstein anomaly is a rare congenital malformation that affects 
the tricuspid valve and the right atrium; the anomaly com-
prises less than 1  percent of all heart malformations.1-3 The 
etiology is unknown in the majority of cases, and males and 
females are affected equally.4

The presentation of Ebstein anomaly depends on the 
severity of the defect and associated cardiac malformations. 
The most common presentations are cyanosis, right-sided 
heart failure, and cardiac arrhythmia.1 Severely affected neo-
nates present with cyanosis and acidosis from a right-to-left 
shunt through an atrial septal defect (ASD), significant car-
diomegaly and heart failure due to tricuspid valve regurgi-
tation. Children may present with right-sided heart failure 
and adults with arrhythmias, exercise intolerance, or para-
doxical emboli if an ASD is present.1 Distortion of the atrio-
ventricular conduction system from atrial enlargement and 
right bundle branch abnormalities in Ebstein anomaly may 
result in arrhythmias. On exam, patients have a right ven-
tricular (RV) heave, split second heart sound, and the holo-
systolic murmur due to tricuspid insufficiency. EKG findings 
include tall and broad P waves from right atrial enlarge-
ment, right bundle branch block, and possibly accessory 
pathway tachycardia and Wolff-Parkinson-White syndrome. 
Chest X-ray often demonstrates right atrial enlargement 
with significant cardiomegaly or “wall to wall” heart associ-
ated with most severe forms of Ebstein anomaly. Definitive 
diagnosis is made with echocardiography, with the criteria 

of distal displacement of the septal leaflet of the tricuspid 
valve greater than 8mm/m2 of body surface area (Fig. 20.9.1). 
Echocardiography also allows for characterization of any 
associated cardiac malformations.

The tricuspid valve has three leaflets:  anterior, posterior, 
and septal. The free edges of each leaflet are anchored to the 
right ventricle by the chordate tendineae, which are connected 

Fig. 20.9.1 Echo image of severe Ebstein anomaly. The tricuspid valve 
coaptation (denoted by ***) is displaced apically into the right ventricle apex 
when compared to the native tricuspid valve annulus (denoted by white arrow). 
RA: right atrium; LA: left atrium; RV: right ventricle; LV: left ventricle.
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to the papillary muscles. The atrioventricular valve leaflets 
begin to develop through delamination of the atrioventricu-
lar cushions around week seven of embryogenesis and are 
fully formed by week 12.3 In Ebstein anomaly the endocardial 
cushions fail to delaminate during embryogenesis, resulting in 
downward (apical) displacement of the septal and posterior 
leaflets and adherence of these leaflets to the myocardium.3 
Leaflet displacement also leads to atrialization of the proxi-
mal right ventricle as the functional annulus is shifted towards 
the apex (Fig. 20.9.1). The anterior leaflet can be abnormally 
large and “sail-like” and cause RV outflow obstruction if the 
mobile part of the leaflet is displaced into the RV. The ante-
rior leaflet may be partially adherent to the right ventricle, 
fenestrated, and redundant. The atrialized portion of the right 
ventricle becomes markedly dilated, resulting in enlargement 
of the true tricuspid annulus, which leads to tricuspid regur-
gitation. Ebstein anomaly is commonly associated with other 
cardiac anomalies, the most common being ASD and patent 
foramen ovale, which occur in 30 percent and 70 percent of 
cases, respectively. In addition, ventricular pre-excitation 
(Wolff-Parkinson-White syndrome) arrhythmias occur in 
15 percent.4 Left-sided cardiac lesions have also been reported, 
with one group reporting 18  percent of patients having left 
ventricular dysplasia resembling noncompaction.1 These 
additional cardiac lesions affect prognosis and management. 
Noncardiac anomalies or syndromic findings are rarely found 
with Ebstein anomaly.

The etiology of Ebstein anomaly is largely unknown, and 
most cases are sporadic. There are a few reports of familial 
aggregation and some evidence of prenatal risk with exposure 
to benzodiazepines and lithium.5-8 Rare cases of NKX2.5 and 
MYH7 mutations, 1p36, 5q35, and 8p23.1 microdeletions, and 
11q, 9p, and 15q duplications have been reported.8-10 In a study 
of 44 patients with Ebstein anomaly, 27 percent were syndro-
mal and included CHARGE (n=2), VACTERL (n=1), Cornelia 
de Lange (n=1), Holt-Oram (n=1), Kabuki (n=1), and Noonan 
(n=1) syndromes.10

Treatment: Mild asymptomatic cases without right-to-left 
shunting and without significant cardiomegaly may be fol-
lowed with observation. Surgical repair is indicated when a 
patient becomes symptomatic from right heart failure. Surgical 
therapy includes tricuspid valve repair or replacement, and, 
depending on the specific malformation, repair of the right 

atrium and right ventricle. Right atrium repair involves exci-
sion of redundant tissue (right reduction atrioplasty), and right 
ventricle correction involves plication of the atrialized portion 
of the ventricle.4 Accessory pathway mapping followed by sur-
gical division or ablation of accessory pathways is performed 
in patients with ventricular pre-excitation.

Prognosis: Prognosis in Ebstein anomaly is highly variable 
and ranges from death in utero to adult presentation of mild 
disease. In a study of 220 patients of all ages (fetal to adult) 
from 1958 through 1991, the risk of death was related to echo-
cardiographic grade severity at presentation (RR 2.7; 95% CI 
1.6–4.6), presentation as fetus (RR 6.9; 95% CI 1.6–16.5), and 
right ventricular outflow tract obstruction (RR 2.1; 95% CI 
1.1–4.4).11 In a larger surgical study of 539 patients receiving 
either tricuspid valve repair or replacement from 1972 through 
2006, the 30-day mortality was 5.9 percent (2.7 percent after 
2001), the 10-year survival was 84.7 percent, and the 20-year 
survival was 71.2 percent.4
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20.10 trICUsPID atresIa

(Absence of Tricuspid Valve, Tricuspid Agenesis)

Definition: Absence of the tricuspid valve, frequently combined with right ventricular hypoplasia.

ICD9/ICD10: 746.1/Q22.4 Syndrome Associations (Appendix)
del 22q11.2

Birth prevalence: 1/25,000

Associated anomalies: ASD, patent foramen ovale, VSD, 
transposition of great arteries

Laboratory studies: genomic microarray

Prenatal diagnosis: ultrasonography

Cause: anomaly of early embryonic development, 
molecular mechanism unknown

In tricuspid atresia the tricuspid valve, separating the right 
atrium and right ventricle, fails to form (Fig. 20.10.1), fre-
quently resulting in a hypoplastic right ventricle. Systemic 
venous return from the right atrium must flow through an 
interatrial communication (either an atrial septal defect or 
patent foramen ovale) into the left atrium, where it mixes 
with pulmonary return (Fig. 20.10.1). The blood then enters 
the left ventricle and is pumped to the aorta. If a ventricular 
septal defect (VSD) is present and the great vessels are nor-
mally related, then blood also flows to the pulmonary artery 
via the VSD and a hypoplastic right ventricle. If the great 
arteries are transposed, the left ventricle pumps blood to the 
pulmonary artery and to the aorta via the VSD and right ven-
tricle. Additionally, some of the pulmonary flow is supplied by 
reverse flow through the ductus arteriosus.

The tricuspid valve develops early in embryogenesis, soon 
after the superior and inferior endocardial cushions sepa-
rate the atrioventricular canal. The inlet of the right ventricle 

develops from the ventricular part of the primary heart tube. 
The anterior and posterior leaflets of the tricuspid valve are 
formed from delamination of primary tube myocardium, 
while the septal leaflet is formed from delamination of the 
endocardial cushions.1 Depending on when in embryogenesis 
normal development is disturbed, tricuspid atresia will occur 
as a muscular wall at the location of the tricuspid valve or as a 
fusion of the valve leaflets.2

Most tricuspid atresia represents the muscular form, 
followed by the membranous form, where a membranous 
septum forms at the location of the tricuspid valve.3 A third 
type, tricuspid leaflet fusion, is rare. A patent foramen ovale 
or an atrial septal defect is always present and necessary for 
systemic venous return to be circulated to the pulmonary 
and systemic circulation. A  VSD is often present, allow-
ing blood flow into a hypoplastic right ventricle; however, 
depending on the size of the VSD and whether there is 
transposition of the great arteries, the right ventricle may 
be of normal size.

Tricuspid atresia accounts for 0.3–3.7 percent of congeni-
tal heart defects and is the third most common cyanotic heart 
defect after transposition of the great arteries and tetralogy of 
Fallot.4,5 Tricuspid atresia is a heterogeneous group of defects 
and is generally classified according to two factors—the rela-
tionship of the great arteries and the degree of pulmonary 
blood flow obstruction. In Type I the great arteries are nor-
mally related. In Type II there is D-Transposition of the great 
arteries (i.e., the pulmonary artery arises from the left ventricle 
and the aorta arises from the right ventricle). In Type III there 
is malposition of the great arteries other than D-transposition. 
Type IV involves persistent truncus arteriosus.5 All types are 
then further subdivided by degree of pulmonary obstruc-
tion:  (a)  pulmonary atresia with no antegrade pulmonary 
blood flow; (b)  pulmonary stenosis/hypoplasia with limited 
antegrade pulmonary blood flow; and (c)  normal pulmo-
nary arteries and no obstruction to antegrade pulmonary 
blood flow.

Little is known about the genetic basis of tricuspid atresia, 
which usually occurs sporadically and without evidence for 

Fig. 20.10.1 Echocardiogram of tricuspid atresia. No connection from right 
atrium (RA) to right ventricle (RV) exists (arrow). Ventricular septal defect (VSD) 
connecting RV and left ventricle (LV) is shown. Also, an atrial septal defect 
allows for blood flow between RA and left atrium (LA).
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familial clustering.6,7 Tricuspid atresia has been associated with 
22q11.2 deletion syndrome, theoretically involving altered 
neural crest development.8,9

The clinical presentation of tricuspid atresia depends 
entirely on the amount of pulmonary flow. The most com-
mon form of tricuspid atresia is Type Ib, with normally 
related great vessels and some restriction to pulmonary 
blood flow via a small to moderate VSD. In this condition, 
flow is restricted by pulmonary stenosis; therefore, these 
infants present early in life with cyanosis and a murmur. As 
the infant ages, the VSD may fill in with tissue and becomes 
more restrictive, resulting in increased pressure gradient 
across the VSD and consequently decreased pulmonary 
flow and progressive cyanosis. In Type Ic and all of the sub-
sets of Type II, there is sufficient pulmonary flow and cya-
nosis is less pronounced. Neonates usually present with 
cyanosis or a heart murmur, which leads to diagnosis by 
echocardiography.

Treatment: Tricuspid atresia is functionally a single ven-
tricle system. Therefore, similar to single ventricle and hypo-
plastic left heart, the ultimate goal is to establish passive 
circulation to the lungs and use the ventricle and outflow 
to pump blood to the body (so-called Fontan circulation; 
see Entry 20.4, Left Ventricular Outflow Obstruction).10 
Depending on the degree pulmonary blood flow obstruc-
tion, some neonates will require immediate prostaglandin 
infusion to maintain the patency of the ductus arteriosus. 
For patients with cyanosis due to pulmonary obstruction, a 
Blalock-Taussig shunt (an artificial tube connecting the sub-
clavian artery to the ipsilateral pulmonary artery in order to 
increase pulmonary blood flow and decrease cyanosis) may 
be required. In patients with Type II (transposition of the 
great arteries), a modified Norwood procedure is needed 
in the neonatal period to resolve systemic outflow obstruc-
tion.11 In all cases of tricuspid atresia, treatment involves a 

bidirectional Glenn procedure around the age of six months, 
followed by Fontan completion around age two years.

Prognosis: In the most common form of tricuspid atresia, 
Type I, survival beyond one year is only 10  percent without 
intervention.12 Surgery has greatly improved survival via the 
single ventricle palliation pathway, with one study showing an 
overall survival of 79 percent, including multiple adult women 
achieving successful full-term pregnancies.13
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20.11 PUlmONarY VeNOUs aNOmalIes

(Total Anomalous Pulmonary Venous Return, Partial Anomalous Pulmonary Venous Return)

Definition: Connection of one or more of pulmonary veins to the systemic venous system, creating a left-to-right shunt.

ICD9/ICD10:
Total anomalous pulmonary venous return: 747.41/Q26.2
Partial anomalous pulmonary venous return: 747.42/
Q26.4

Syndrome Associations (Appendix)
Total anomalous pulmonary venous return
Holt-Oram (TBX5)
Heterotaxy
Cat-eye (tetrasomy 22q11)
Partial anomalous pulmonary venous return
Scimitar
Turner (45,X)

Birth prevalence:
Total anomalous pulmonary venous return: 1/15,000
Partial anomalous pulmonary venous return: 1/500 to 
1/1,000 found incidentally in adults on CT scan

Associated anomalies:
Total anomalous pulmonary venous return: heterotaxy
Partial anomalous pulmonary venous return: sinus 
venosus atrial septal defect, ostium primum atrial septal 
defect

Laboratory studies: karyotype, chromosomal microarray, 
selected gene sequencing tests

Prenatal diagnosis: ultrasonography

Cause: unknown

Anomalies of pulmonary venous return have an early embry-
onic origin. Deriving from the foregut, the lung buds form 
early vascular connections to the splanchnic plexus, which 
then attaches to the cardinal and umbilicovitelline veins.1 As 
the lungs develop, the pulmonary vein forms from an out-
pouching of the primitive atrium and spreads toward the 
lungs, forming the common pulmonary vein. Around embry-
onic day 28 the common pulmonary vein joins the splanchnic 
plexus, allowing for pulmonary drainage into the heart. Later, 
the common pulmonary vein becomes part of the left atrial 
wall and the splanchnic-pulmonary connections are resorbed, 
leaving four separate pulmonary veins. It is believed that early 
atresia or malposition of the common pulmonary vein results 
in a variety of persistent pulmonary-splanchnic unions and 
pulmonary venous to systemic connections, so-called anoma-
lous pulmonary venous return.1,2

T O TA L  A N O M A L O U S  P U L M O N A RY 
V E N U S   R E T U R N

Total anomalous pulmonary venous return (TAPVR) is a rare 
condition where all pulmonary venous drainage is routed to 
the systemic venous drainage instead of the left atrium, effec-
tively creating a large left-to-right shunt.3

TAPVR usually presents in infancy with a spectrum of 
severity that depends on location of pulmonary vein drainage 
and the degree of pulmonary vein obstruction. During fetal 
life, TAPVR does not affect cardiac performance, as systemic 

blood flow bypasses the pulmonary circulation due to high 
pulmonary resistance and a patent foramen ovale. After 
birth, more blood flows to the lungs, and therefore more 
blood drains into the pulmonary veins. If the pulmonary 
veins are not obstructed, infants with TAPVR present with 
cyanosis because of the mixing of systemic and pulmonary 
venous return and heart failure secondary to the large left-to-
right shunt of TAPVR. Less frequently, infants with obstruc-
tion in the anomalous pulmonary venous drainage pathway 
can present with pulmonary edema and poor cardiac output 
or shock.

TAPVR is classified into four different subtypes, each 
named for the location of the pulmonary vein drainage—  
supracardiac, infradiaphragmatic, intracardiac, and mixed. 
The most common is supracardiac TAPVR (Fig. 20.11.1), 
occurring in 45 percent of patients. It is characterized by con-
vergence of the pulmonary veins into a vertical vein that typi-
cally passes posterior to the heart and courses superiorly to 
drain into the brachiocephalic vein.4 Less frequently, supra-
cardiac TAPVR can involve drainage of the pulmonary veins 
directly to the superior vena cava or azygous vein. About 
40  percent of supracardiac TAPVR with typical drainage 
into the brachiocephalic vein becomes obstructed due to the 
vertical vein being compressed between the left main stem 
bronchus and the left pulmonary artery. The second most 
common subtype, infracardiac TAPVR, occurs in 25 percent 
of patients and is characterized by drainage of the four pulmo-
nary veins into a vertical vein that drains inferiorly below the 
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Fig. 20.11.1 Magnetic resonance angiogram of supracardiac TAPVR. This 
image is aligned to show the posterior aspect of a heart with supracardiac 
TAPVR; white arrows indicate the pulmonary venous confluence, which rests 
superior to the heart, and the “bald” left atrium which receives no pulmonary 
venous return. LA: left atrium; TAPVR: total anomalous pulmonary venous 
return.

diaphragm into the ductus venosus (most common), portal 
vein, inferior vena cava, or hepatic vein.4 Infracardiac TAPVR 
is almost always obstructed in the neonatal period and pres-
ents with cyanosis, shock, and poor cardiac output. The third 
subtype is intracardiac TAPVR, in which the pulmonary 
veins drain to a cardiac chamber other than the left atrium, 
typically the coronary sinus. Pulmonary venous obstruction 
is rare in intracardiac TAPVR, and patients usually present 
with cyanosis and tachypnea because of heart failure due to 
the large left-to-right shunt. Patients can occasionally survive 
to adulthood without intervention. The final subtype is mixed 
TAPVR, consisting of a combination of any of the other three 
subtypes.

Most cases are sporadic, two-thirds of cases are iso-
lated (nonsyndromal), and there is no gender predilection.3,5 
TAPVR has been commonly found in heterotaxy syndromes 
and rarely found in patients with Holt-Oram syndrome and 
Cat-eye syndrome. In one retrospective study of 45 patients 
with heterotaxy, 20 (44 percent) were found to have TAPVR.6 
Of these 20 patients with TAPVR, 17 had right atrial isomer-
ism and 3 had left isomerism (see Entry 20.13).

Management of TAPVR is surgical, with anastomosis of 
the pulmonary confluence of veins posterior to the heart to the 
left atrium. Obstructed TAPVR of any variety is a true surgical 
emergency. Postoperative mortality rates are less than 10 per-
cent, even for cases with obstructed pulmonary veins.4

The genetic basis of TAPVR has not been fully elucidated, 
and although evidence exists for a familial basis, no single gene 
has been found to be causative. Linkage analysis has shown 

evidence for loci at 4q12, as well as cytogenomic anoma-
lies affecting chromosomes 2, 11, and 12.5,7 ANKRD1 and 
PDGFRA are two promising candidate genes that are being 
studied based on genetic/genomic factors, functional studies, 
and animal models.7-10

PA RT I A L  A N O M A L O U S  P U L M O N A RY 
V E N O U S   R E T U R N

Partial anomalous pulmonary venous return (PAPVR) occurs 
when one to three of the pulmonary veins drain into the right 
venous system, resulting in a left-to-right shunt. In 90 percent 
of pediatric patients with PAPVR, the right upper pulmonary 
vein drains the right upper lobe. The remaining 10 percent of 
cases involve the left upper pulmonary vein draining the left 
upper lobe.1,11 PAPVR of the right upper vein(s) is associated 
with a superior sinus venosus atrial septal defect in 80 percent 
to 90 percent of cases and ostium primum atrial septal defect 
in 10 percent of cases.

The presentation, which can occur from infancy through 
adulthood, depends on the degree of left-to-right shunting and 
associated medical problems. PAPVR may be found inciden-
tally; in one computed tomography (CT) study, PAPVR was 
found in 0.1–0.2  percent of adults undergoing coronary CT 
angiography, with half of patients having left-sided PAPVR.12 
This is in contrast to pediatric patients, who most commonly 
present with PAPVR from the right upper lobe.

Similar to TAPVR, there are no known gene mutations 
that cause isolated PAPVR; however, PAPVR has been found 
to be associated with certain genetic syndromes. PAPVR is 
prevalent in Turner syndrome (9.9 percent of 45,X patients) 
and, interestingly, twice as common in males as in females, 
suggesting a putative locus on the X chromosome.13 PAPVR 
has also been associated with Scimitar syndrome, with mul-
tiple familial reports but no recognized genetic etiology.14 
Scimitar syndrome, named for the characteristic curvilin-
ear shadow on X-ray created by the anomalous pulmonary 
venous return, is a unique class of PAPVR that consists of 
right-sided anomalous return with connection to the right 
atrium or the inferior vena cava, right pulmonary artery 
hypoplasia, and right lung hypoplasia resulting in dextropo-
sition of the heart.

Surgical correction of PAPVR should be considered when 
the pulmonary blood flow (Qp) to systemic flow (Qs) ratio is 
greater than 1.5, as this ratio is more likely to result in pul-
monary remodeling and irreversible pulmonary hypertension 
that will not be amenable to surgical correction.15 Surgery 
consists of separation of aberrant vein and re-anastamosis to 
the right atrial appendage with a graft or baffle to direct blood 
flow to the left atrium, or re-anastamosis to the left atrium. 
Surgical results are excellent, with one large series of patients 
with an average age of 5.3  years reporting no early or late 
mortality.11
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20.12 COrONarY aNOmalIes

Definition: Anomalous origin of one of the coronary arteries.

ICD9/ICD10: 746.85/Q24.5 Syndrome Associations (Appendix)
None

Birth prevalence:
Isolated coronary artery anomalies in patients who 
undergo angiography: 1/100
Anomalous origin of the right coronary artery from the 
left sinus of Valsalva: 1/1,000
Anomalous origin of the left coronary artery from the 
right sinus of Valsalva with the anomalous coronary 
coursing between the great arteries: 1/2,000 to 1/3,500
Anomalous origin of left coronary artery from pulmonary 
artery: live birth incidence 1/300,000

Associated anomalies: tetralogy of Fallot, d-transposition 
of the great arteries

Laboratory studies: chromosomal microarray or FISH 
for 22q11.2 deletions in selected cases

Prenatal diagnosis: none

Cause: unknown

Coronary artery anomalies are common and usually asymp-
tomatic/incidental findings occurring in 1  percent of indi-
viduals.1 The severity of coronary anomalies as a whole are 
not known, although only a small fraction of these anomalies 
are known to be potentially life-threatening due to sequelae 
such as myocardial infarction and arrhythmias.2,3 Coronary 
anomalies are usually sporadic but may be found in conotrun-
cal defects such as tetralogy of Fallot and D-transposition of 
the great arteries.1 In individuals with structurally normal 
hearts, the left main coronary artery originates from the left 
aortic sinus of Valsalva, and the right coronary artery origi-
nates from the right aortic sinus of Valsalva. There are mul-
tiple anatomical variants involving the coronary arteries, 
with many nonsignificant configurations found incidentally. 

This section focuses on the two clinically significant coronary 
artery anomalies—anomalous origin of a coronary artery from 
the opposite sinus of Valsava and anomalous coronary artery 
originating from the pulmonary artery.

The coronary arteries supply oxygen and other nutrients 
to the myocardium. The etiologies of coronary anomalies in 
humans are largely unknown but have been well studied in ani-
mal models. The early heart tube and looping heart consists of 
two cell layers, an inner endocardial layer and an outer myo-
cardial layer. A  third layer—the epicardium, a component of 
mesothelium—migrates from the proepicardial organ and forms 
an outer layer that is responsible for the development of the coro-
nary vasculature.4 A complex signaling cascade between myo-
cardium and epicardium allows for epithelial to mesenchymal 
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transformation of the epicardium, which provides the cells nec-
essary to form a vascular plexus surrounding the heart including 
fibroblasts, smooth muscle cells, and endothelial cells. Once a 
vascular plexus is formed between the epicardial and myocardial 
layers (subepicardial layer), this layer is organized and eventu-
ally connects to the aorta to receive oxygenated blood flow. Most 
likely, the VEGF signaling pathway is involved in the formation 
of the coronary ostia in the aorta.4 There are lines of evidence 
from avian models that neural crest cells and the second heart 
field are necessary for the formation of coronary arteries.5

The genetic basis of coronary anomalies in humans is 
largely unknown. In the mouse model, mutations in perlecan 
(proteoglycan synthesized by endothelial and smooth mus-
cles cells) and connexin 43 (gap junction protein expressed 
on vasculature surface) have been associated with coronary 
anomalies.5 Tbx1-/- mice can have conotruncal and coronary 
anomalies. TBX1 is found in the 22q11.2 deletion critical 
region and thought to be a significant contributor to congeni-
tal heart disease. The small number of human reports includes 
a case series of five families with familial anomalous aortic ori-
gin of a coronary artery with an interarterial course, support-
ing a genetic component in at least a subset of patients.6

A N O M A L O U S  O R I G I N  O F   T H E  C O R O N A RY 
A RT E RY  F R O M   T H E  O P P O S I T E  S I N U S

An anomalous coronary artery by definition originates from the 
opposite sinus and therefore must return to its intended path 
(Fig. 20.12.1). In general, an anomalous left coronary artery orig-
inating from the right sinus can course (1) anteriorly around the 
pulmonary artery, (2) between the great arteries (intra-arterial 
or intramural course), (3) inferiorly in the muscle between the 
two ventricles (intramuscular course), or (4) posteriorly around 
the back of the aorta. The same is true for an anomalous right 
coronary artery that originates from the left sinus (Fig. 20.12.1). 
The most common coronary anomaly in an otherwise structur-
ally normal heart is when the left circumflex artery originates 
from the right sinus or directly from the right coronary artery. 
This is generally regarded as the most innocuous of the coro-
nary anomalies. Two more clinically significant anatomies are 
anomalous origin of the left or right coronary artery originat-
ing from the opposite sinuses, with the anomalous coronary 
coursing between the great arteries (interarterial course). The 
prevalence of anomalous aortic origin of a coronary artery with 
an interarterial course is estimated to be 0.1–0.2 percent, with 
the right coronary artery anomaly six to ten times more com-
mon than the left.7 When the course of anomalous coronary 
artery travels between the pulmonary artery and aorta and/or 
has an intramural course (within the aortic wall), an adverse 
outcome is likely. In a published autopsy series, one-third of car-
diac deaths in young athletes and military recruits had this sub-
type.8 Possible explanations for the consequences of this subtype 
include compression of the artery between the aorta and the pul-
monary artery, narrowing of the slit-shaped orifice of the anom-
alous artery with increased aortic pressure, and an acute angle at 
the take-off of the coronary artery.9 The anomalous artery may 
have a stenosed intramural segment causing decreased coronary 
blood flow, which is exacerbated by exertion.

Patients may complain of chest pain, palpitations, or have 
exertional syncope; however, many patients initially present 
with sudden/exercise-related death. In this cohort the most 
common coronary pattern was anomalous origin of the left 
main coronary artery from the right coronary sinus (ALCA).10 
In addition to ALCA, anomalous origin of the right coro-
nary artery from the left sinus of Valsalva (ARCA) has been 
shown in multiple reviews to result in sudden cardiac death.10 
The diagnosis of ALCA and ARCA is challenging, as physical 
exam, ECG, and exercise stress testing are usually normal, and 
coronary angiography may be falsely negative.7 Transthoracic 
echocardiography is usually sufficient to make a diagnosis, and 
color Doppler can detect intramural segments of the coronary 
artery. Magnetic resonance angiography typically allows suf-
ficient spatial resolution for diagnosis.7

Treatment for anomalous origin of coronary artery from 
the opposite sinus is indicated when a patient is symptom-
atic and when the left main coronary artery from the right 
sinus of Valsalva (ALCA) has an interarterial course, as this 
lesion is high-risk even if the individual is asymptomatic.9 
Asymptomatic ARCA treatment is controversial.9 Treatment 
options include surgical reimplantation of the anomalous ves-
sel, pulmonary artery translocation, and unroofing the anoma-
lous vessel along the intramural segment.7,9

ANOMALOUS ORIGIN OF THE CORONARY 
ARTERY FROM THE PULMONARY ARTERY

Anomalous origin of left coronary artery from pulmonary 
artery (ALCAPA) is the most common anatomy in this group 

Fig. 20.12.1 Cardiac magnetic resonance angiogram image of an anomalous 
right coronary artery (ARCA) originating from the left coronary cusp (LCC) of 
the aortic root (AO). A thin, bright vessel can be seen originating from the 
left coronary cusp and coursing between the aorta and pulmonary artery. No 
vessel originates from the right coronary cusp (RCC). This figure demonstrates 
an intramural course of the anomalous coronary artery.
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but is still rare, with a livebirth incidence of 1 in 300,000.9 
In this malformation the left main coronary artery originates 
from the pulmonary artery, typically at the sinus of Valsalva 
at the left or posterior pulmonic valve cusp.9,11 The presenta-
tion depends on the extent of right and left coronary artery 
collaterals, with a more benign course if adequate collateral 
circulation is present. At birth, in the absence of sufficient 
collateral circulation there is initially sufficient left coronary 
artery flow due to high pressures in the pulmonary artery, 
which is sufficient to perfuse the myocardium. However, as 
pulmonary resistance drops, pulmonary artery pressure is 
insufficient to supply the left ventricle, eventually resulting in 
flow reversal in the coronary artery and subsequent left-to-
right shunt. This flow reversal results in hypoperfusion of the 
left ventricle causing myocardial ischemia, congestive heart 
failure, arrhythmias, and sudden death. Those patients with 
insufficient collaterals in their coronary bed usually present 
as infants with congestive heart failure and severe dilated 
cardiomyopathy on echocardiography.1 Because ALCAPA 
mimics other forms of dilated cardiomyopathy, ALCAPA 
should be ruled out in all pediatric patients with dilated car-
diomyopathy. ALCAPA has a surgical cure available.1 If left 
untreated, the mortality rate is 90  percent in the first year 
of life.9

When sufficient coronary collaterals are present in 
patients with ALCAPA, these individuals may present as 
older children or adults but may still experience angina. 
These later presentations are often found by heart murmur, 

as ischemic injury often affects the mitral papillary muscles 
resulting in mitral valve prolapse and mitral insufficiency.1 
Surgery is indicated as soon as possible in infants and adults 
with ALCAPA.
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20.13 HeterOtaXY

(Situs Ambiguous)

Definition: Abnormal lateralization of thoracic and abdominal organs and complex heart malformations.

ICD9/ICD10: 759.3/Q89.3 Syndrome Associations (Appendix)
Primary ciliary dyskinesia
Trisomies 13, 18
del 22q11.2

Birth prevalence: 1/5,000 – 1/7,000

Associated anomalies:
Right isomerism: univentricular atrioventricular 
connection, single right ventricle, bilateral superior vena 
cavae, total anomalous pulmonary venous connection, 
pulmonary outflow obstruction, coronary sinus 
unroofing, bilateral tri-lobed lungs, right-side stomach, 
asplenia, mid-line liver, malrotation of intestine
Left isomerism: atrioventricular septal defect (AVSD), 
persistent left superior venal cava, interrupted hepatic 
component of the IVC, atrioventricular conductance 
disturbances, bilateral bi-lobed lungs, polysplenia

Laboratory studies: karyotype, genomic microarray, 
selected gene sequencing

Prenatal diagnosis: ultrasonography

Cause: chromosomal, microdeletions, Mendelian
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Heterotaxy, also called situs ambiguous, is the discordance of 
normally asymmetric structures and involves the thoracic and/
or abdominal viscera, with cardiovascular malformations often 
causing the most serious clinical complications (Fig. 20.13.1).1 
Distinct from heterotaxy is situs inversus totalis, which is the 
complete mirror-image reversal of all organs and is not usually 
associated with congenital heart disease. Situs inversus totalis 
can occur in the context of Kartagener syndrome, a ciliopathy 
that also includes primary ciliary dyskinesia and can be due 
to mutations in one of over 15 currently known genes.2 Situs 
inversus (totalis) and Kartagener syndrome are reviewed in 
more detail in the Spleen entries (Chapter 23).

Heterotaxy can be divided into two broad categories, right 
isomerism and left isomerism; however, there are patients who 
share features of both and represent a spectrum of findings.

Right atrial isomerism is sometimes called asplenia or 
Ivemark syndrome, although asplenia does not occur in all 
patients with features of right atrial isomerism (Fig. 20.13.1).3 
The atrial appendages, as noted in the name “right isomerism,” 
both resemble the right atrial appendage with a broad based 
triangular shape. Additionally, a persistent left superior vena 
cava with unroofing of the coronary sinus is sometimes found 
(see Entry 20.1). Other cardiac abnormalities include bilateral 

superior vena cavae, total anomalous pulmonary venous connec-
tion, dual sinoatrial nodes, and pulmonary outflow obstruction.4 
Noncardiac features include two right (trilobed) lungs, two bron-
chi that have the shape of a right bronchus, and a midline liver.5

Left atrial isomerism, sometimes called polysplenia, has 
atrial appendages that resemble the left atrial appendage with 
a long tubular appearance and a narrow neck. Left isomerism, 
a simpler anatomy compared to right isomerism, is character-
ized by AVSD, persistent left superior venal cava, ipsilateral 
pulmonary veins, interrupted hepatic component of the IVC, 
and atrioventricular conductance disturbances.3 The sinus 
node and AV node are usually affected, resulting in either 
sinus bradycardia or AV block. Interruption of the inferior 
vena cava, with the azygous draining the common iliac veins 
and renal veins and with the hepatic veins draining directly 
into the right atrium (Fig. 20.13.1), is found in 60 to 90 percent 
of patients, and over 50 percent have bilateral superior vena 
cavae.5 Noncardiac findings include bilateral left or bilobed 
lungs and multiple poorly functioning spleens. In this section 
we will review two anatomical variants of heterotaxy, right 
isomerism and left isomerism.

The presentation of heterotaxy depends on the anatomic 
malformations, including whether and how the cardiovascu-
lar system is involved.6 Newborns usually present with cyano-
sis secondary to congenital heart disease. When heterotaxy is 
suspected based on the nature of congenital heart malforma-
tion, other organ systems will also need to be assessed with 
both imaging and functional testing to search for left-right 
axis malformations. Syndromal heterotaxy is most notably 
found in primary ciliary dyskinesia, with 6 percent of individ-
uals affected with heterotaxy.2 Primary ciliary dyskinesia is a 
ciliopathy and frequently presents with difficulty in mucocili-
ary clearance, resulting in respiratory manifestations such as 
sinusitis, recurrent otitis media, and bronchiectasis.

Heterotaxy results from disturbances in the left-right 
axis determination in early embryogenesis; although most 
of the underlying biology has been studied in animal mod-
els, there is not always a clear correlation with human dis-
ease. In mice, at embryonic day 7.5, the process of left-right 
axis determination can occur anywhere along the following 
path:  disturbance of leftward nodal flow created by nodal 
cilia clockwise rotational movement, asymmetric signaling to 
the lateral plate mesoderm (LPM), asymmetric expression of 
transcription factors Nodal and Lefty2, and left-sided expres-
sion of the transcription factor Pitx2.7 Motile cilia, located 
in the primitive node, contain left-right dynein in mice, and 
the orthologous gene DNAH5 is involved in Kartagener syn-
drome in humans.2 Dynein is a motor protein in the microtu-
bules of the cilia that converts ATP into cilia movement. The 
cilia rotate in a clockwise direction, creating nodal flow. One 
theory of how nodal flow is translated into left-right asym-
metry is a gradient of left-determinant particles (node vesicu-
lar particles) containing hedgehog proteins and retinoic acid 
secreted by node pit cells, which are regulated by fgf8 and 
activate downstream signaling.7 Another theory is that left-
ward nodal flow results in a left-sided influx of calcium ions 
through PKD2, encoded by a gene responsible for autosomal 

Fig. 20.13.1 Contrast-enhanced magnetic resonance angiogram full-thickness 
MIP (maximal intensity projection). In this image, contrast has filled the entire 
pulmonary and systemic circulation except the portal venous circulation, 
which remains dark on this image. This patient has multiple findings consistent 
with heterotaxy, including a left-sided superior vena cava with no right-sided 
SVC, a left-sided inferior vena cava, a single spleen located on the right, the 
heart in its usual levocardic position in the left chest, and the aortic arch and 
descending thoracic and abdominal aorta on the right. A darkened area in 
the abdomen represents the liver, which is located on the left. This patient 
has several features of situs inversus (SVC, IVC, aorta, liver, spleen) as well as 
situs solitus (levocardia, renal positions), which, together, are the hallmark of 
heterotaxy syndrome.
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dominant polycystic kidney disease.3 GDF1, a transforming 
growth factor family, is thought to play a role in the trans-
portation of Nodal toward the LPM. Although the precise 
mechanism of Nodal expression is unknown, the net effect 
is asymmetric Nodal expression in the left LPM. Nodal acti-
vates Lefty1 in the left LPM and Lefty2 in the midline, both 
of which antagonize Nodal activity. Nodal signaling is also 
mediated by type I and type II activin receptors, ActRIB and 
ActRIIB respectively. Other receptors involved in the LMP 
nodal pathway include Cripto and Cryptic.7 Finally, Pitx2 is 
upregulated, which plays a major role in left-right axis for-
mation of the heart. In humans the orthologous gene PITX2 
causes Axenfeld-Rieger syndrome, which affects the eyes and 
teeth but not the heart.

While animal models have led to the identification of some 
specific genes involved in human heterotaxy, the genetic basis 
of heterotaxy remains incompletely defined.8,9 The only gene 
mutations that have been unequivocally found to cause het-
erotaxy are X-linked ZIC3 and autosomal recessive GDF1.3,4,8 
In sporadic cases, approximately 1 percent are caused by loss 
of function mutation in ZIC3 in both males and females.1 
Additionally, ZIC3 mutations are usually found to segregate 
with heterotaxy in X-linked families. ZIC3 mutations are also 
associated with abnormal heart looping cardiac malformations 
such as double outlet right ventricle and L-transposition of the 
great arteries.1

A GDF1 variant has been found to be associated with right 
atrial isomerism in a large family.4 Gene variants have been 
found heterogeneously in other genes (e.g., CFC1, ACVR2B, 
NODAL, and LEFTY2), but some of these are inherited from 
healthy parents and the overall evidence regarding pathoge-
nicity is unclear.4

Treatment: The treatment of heterotaxy is highly variable 
and depends wholly on the type and severity of the intracar-
diac defects. Patients with well-formed ventricles and valves 
can undergo a two-ventricle repair with closure of the atrial 
or ventricular septal defects that may be present. In general, 
for patients with severe intracardiac malformations associated 
with left or right atrial isomerism, treatment may include sur-
gical palliation in the single ventricle pathway, similar to hypo-
plastic left heart syndrome repair (Fig. 20.13.2). In first weeks 
of life, pulmonary artery banding may be performed in order 
to protect from pulmonary overload if the pulmonary artery 
is structurally normal and astenotic. The second-stage opera-
tion is done at three to six months using a bidirectional Glenn 
shunt to connect both the left and right superior vena cavae to 
their respective pulmonary arteries (Figure 20.13.2 A-2 depicts 
right atrial isomerism, and B-2 depicts left isomerism repair).3 
Approximately six months after the bidirectional Glenn, a 
Fontan circulation is established with a cavopulmonary shunt 
placed to connect the inferior vena cava to the right pulmo-
nary artery (Figure 20.13.2 A-3 depicts right atrial isomerism, 
and B-3 depicts left isomerism repair).

Additionally, in patients with left atrial isomerism, implan-
tation of a cardiac pacemaker in infancy may be necessary 
secondary to sinus bradycardia, sinus pauses, or variable or 
complete heart block.

Prognosis: Despite advanced surgical outcomes, true hetero-
taxy has an overall poor prognosis.10,11 In a study of 32 patients 
with right atrial isomerism the overall survival was only 22 per-
cent at 13.8 years.10 One hundred percent of these patients had 
a common atrioventricular valve, 91 percent had pulmonary 
outflow tract obstruction, 91 percent were asplenic, 75 percent 
had total anomalous pulmonary venous drainage, and dextro-
cardia occurred in 44 percent of patients. Seventy-one percent 
of these patients received surgery, and seven patients were con-
sidered to be inoperable.

Fig. 20.13.2 Surgical palliation involved in severe types of heterotaxy. The 
figure demonstrates the three stages of surgical palliation that may be 
involved in the most severe forms of (A) right atrial isomerism and (B) left atrial 
isomerism. The heart depicted in (A) has a single, morphologic right ventricle 
and features of right atrial isomerism including bilateral superior vena cavae, 
total anomalous pulmonary venous return, and pulmonary artery stenosis. 
(A2) demonstrates stage II, with connection of both right and left superior 
vena cavae to the pulmonary arteries and oversewing of the pulmonary valve, 
and (A3) demonstrates stage III with placement of an extracardiac Fontan 
directing blood from the inferior vena cava to the pulmonary arteries. The 
heart depicted in (B) has an unbalanced complete atrioventricular septal 
defect with a small left ventricle and features of left atrial isomerism including 
an interrupted inferior vena cava, bilateral superior vena cavae, and normal 
pulmonary venous drainage. (B2-3) demonstrate surgeries as described in (A2-
3). Adapted with permission from The Japanese Circulation Society. Shiraishi 
I and Ichikawa H: Circ J 76:2066, 2012.3
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The prognosis of left atrial isomerism is also guarded but 
is better than right atrial isomerism, with one review reporting 
a 63 percent survival with a median follow-up of 16 years.11 In 
this cohort, ventricular septal defects were present in 73 per-
cent, cardiac arrhythmias in 71  percent, pulmonary steno-
sis or atresia in 61  percent, common atrium in 50  percent, 
single ventricle in 40  percent, total anomalous pulmonary 
venous return in 29 percent, and dextrocardia in 26 percent 
of patients. Thirty-three of the 38 patients in this group were 
treated surgically.
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21 | SYSTEMIC VASCULATURE

LYNNE M. BIRD

iNtrODuctiON

The development of the vascular system is critical for the 
delivery of fluids and vital metabolites to developing tissues 
and organs. After initial development, the vasculature under-
goes a complex process of programmed regression and remod-
eling that results in the mature arterial and venous systems. 
Abnormalities of these tightly regulated processes result in 
congenital anomalies of the vasculature detailed in this chapter.

A N AT O M I C A L  E M B RY O L O G Y

At four weeks of development, the arterial and venous systems 
of the embryo are represented by paired dorsal aortae con-
nected to the heart by aortic arches and by paired anterior and 
posterior cardinal veins. Over the next three weeks, as organo-
genesis continues, this initial arrangement changes such that 
major tributaries for veins tend to shift to the right, and arterial 
channels shift to the left.

At first, paired aortic arch arteries arise from the aortic sac, 
the most distal part of the truncus arteriosus, and each passes 
through the core of a pharyngeal arch to connect with a dorsal 
aorta on each side. There are five well-defined arteries/arches 
numbered I, II, III, IV and VI (the fifth is vestigial) which 
undergo extensive remodeling by apoptosis (programmed cell 
death) to create the definitive arterial vasculature. The first two 
arteries largely disappear, leaving only the maxillary artery 
from the first arch and the hyoid and stapedial arteries from 
the second arch. The third arches form the common carotid 
and proximal part of the internal carotid arteries, while the 
external carotid arteries form as outgrowths of the third arch. 
The fourth arch remains bilaterally, forming part of the aortic 
arch on the left and the proximal segment of the right subcla-
vian artery. The sixth arch forms the pulmonary arteries on 
either side as well as the ductus arteriosus on the left. During 
these changes in the aortic arch vessels, the paired dorsal aor-
tae caudal to the arches fuse to form a single vessel to the left 
of the midline. Patterning of the arch vessels is regulated by 
neural crest cells that reside in each pharyngeal arch.

As mentioned, most of the original venous drainage shifts 
to the right. Cranially, an anastomosis forms between the 
paired anterior cardinal veins forming the left brachiocephalic 
vein. Each anterior cardinal vein then forms the internal jugu-
lar vein on either side, with the external jugular veins forming 
independently from venous plexuses in the face. The supe-
rior vena cava forms from the proximal segment of the right 

anterior cardinal vein and from the right common cardinal 
vein, a short connecting vessel at the junction of the right ante-
rior and posterior cardinal veins.

Posterior cardinal veins disappear almost entirely and are 
replaced by a paired series of veins that arise as new structures 
develop, including the thorax, kidneys, and lower limbs. Thus, 
supracardinal veins form to drain the thoracic wall; subcardi-
nal veins form to drain the kidneys; and sacral cardinal veins 
form to drain the lower limbs. Left-to-right shunts (anastomo-
ses) develop between each of these new venous systems, caus-
ing the right side to form the major drainage system: thus, the 
right supracardinal vein, together with a small portion of the 
right posterior cardinal vein, forms the azygos vein, and the left 
forms the hemiazygos vein. The right subcardinal vein forms 
the renal segment of the inferior vena cava (IVC), the distal 
portion of the left forms the gonadal vein, and the anastomosis 
between the two subcardinal veins forms the left renal vein; the 
right sacrocardinal vein forms the lower segment of the IVC, 
the left degenerates, and the anastomosis between the two 
forms the left common iliac vein. The hepatic segment of the 
IVC is derived from the right vitelline vein from the yolk sac.

M O L E C U L A R  E M B RY O L O G Y

Patterning, development, and connection between the out-
flow tract and the aortic arches requires proper migration of 
cardiac neural crest, as well as activation of Fgf8 and Bmp4 
by Jagged/Notch signaling in the secondary heart field.1 
Formation of the aortic arches is thought to occur through 
a combination of vasculogenesis (de novo vessel formation) 
and angiogenesis (formation of new vessels by the sprouting 
of endothelial cells), both of which are dependent upon vas-
cular endothelial growth factor (VEGF) signaling.2 Through 
VEGF receptors and the neuropilin family of signaling pro-
teins, VEGF signaling is associated with the Notch and 
Spry pathways in vessel formation. Additional regulators of 
angiogenesis include netrins, semaphorins, and Slit-Robo 
signaling, all of which are also involved in axonal guidance. 
Additional regulators of vasculogenesis include Fgf and Ihh 
signaling. PDGFs and ANGPT/Tie signaling promote vessel 
wall stabilization.

REFERENCES

 1. Jain R, Rentschler S, Epstein JA: Notch and cardiac outflow tract develop-
ment. Ann N Y Acad Sci 1188:184, 2010.

 2. Patel-Hett S, D’Amore PA:  Signal transduction in vasculogenesis and 
developmental angiogenesis. Int J Dev Biol 55:353, 2011.



608 |  H u m a N  m a l f O r m at i O N S  a N D  r e l at e D  a N O m a l i e S

21.1 iNterruPteD aOrtic arcH

(Interruption of Aortic Arch)

Definition: Discontinuity of the ascending and descending aorta, in which either an aortic branch vessel or the ductus arte-
riosus supplies the descending aorta.

ICD9/ICD10: 747.11/Q25.2 Syndrome Associations (Appendix)
Townes-Brock (SALL1)
Perlman (DTS3L2)
del 22q11.2
Trisomies 13, 18, 21
Ring 21
Prenatal hydantoin exposure
Prenatal retinoic acid exposure

Birth prevalence: 1/15,000–1/300,000

Associated anomalies: bicuspid aortic valve, ventricular 
septal defect, patent ductus arteriosus, persistent left 
superior vena cava, mitral stenosis

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray, gene sequencing

Prenatal diagnosis: echocardiogram

Cause: chromosomal, microdeletions, Mendelian, 
environmental

Three anatomic forms of interrupted aortic arch have been 
described.1,2 In type A, interruption of the arch is distal to the 
origin of the left subclavian artery; in type B, the arch is inter-
rupted between the origins of the left common carotid and left 
subclavian arteries; and in type C, interruption occurs between 
the origins of the innominate and the left common carotid 
arteries (Fig. 21.1.1).

The vast majority of cases are detected in the newborn 
period because of respiratory distress and mild to severe cya-
nosis, with or without decreased peripheral pulses.3 Although 
differential cyanosis is a useful diagnostic sign, it occurs only 
rarely because of the frequent association of a ventricular sep-
tal defect (>85  percent). Utilizing echocardiography, most 

cases of type B and type C aortic arch interruption can be 
diagnosed accurately by identifying an ascending aorta with a 
straight course to its branches (“V” sign) without the normal 
continuous curvature to the descending aorta. Type A  cases 
show a “W” sign formed from the three main branches aris-
ing from the aorta. Echocardiography may not distinguish 
clearly between type A  interruption and coarctation of the 
aorta. Aortic arch interruption has been successfully detected 
in utero, but prenatal diagnosis remains difficult although it is 
improving.4

In virtually all cases, interrupted aortic arch is associated 
with intracardiac abnormalities. Type B interruption is most 
frequent in children, accounting for 60 to 70 percent of cases.2 

Fig. 21.1.1 Schematic of types of interrupted aortic arch. Type A: interruption of aorta distal to the origin of the left subclavian artery. Type B: interruption between 
the origins of the left common carotid and left subclavian arteries. Type C: interruption between the innominate or right common carotid and the left common 
carotid arteries. PDA: patent ductus arteriosus.
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Interrupted aortic arch presenting in adulthood is rare, with 
refractory hypertension being the most common symptom 
and Type A anatomy predominating.5

Two-thirds of patients with interrupted aortic arch have 
DiGeorge syndrome, a disorder due to a submicroscopic dele-
tion of chromosome 22q11.2.6-8 If only type B interrupted 
aortic arch is considered, up to 80–90 percent have DiGeorge 
syndrome;6 type A and type C interrupted aortic arch occur 
only rarely in association with this condition. Hemizygosity 
for chromosome 22q11.2 results in aberrant development 
of the fourth branchial arch and derivatives of the third and 
fourth pharyngeal pouches.7 Features include hypocalce-
mia due to parathyroid hypoplasia and thymic hypoplasia 
that reduces circulating T cell numbers but usually does not 
qualitatively impair cellular immunity. Other defects of the 
conotruncal area of the heart, including truncus arteriosus, 
tetralogy of Fallot, and malalignment ventricular septal defect 
are seen frequently, as is aberrant subclavian artery creating a 
vascular ring.8 The fundamental defect caused by the chromo-
some 22q11.2 deletion is most likely defective neural crest cell 
development.7 Neural crest cells are important in the develop-
ment of the parathyroid and thymus glands as well as the aortic 
arches and conotruncal region of the heart, along with cranio-
facial structures. TBX1 appears to be the major determinant of 
the phenotype associated with the chromosome 22q11.2 dele-
tion syndrome, as point mutations in this gene can produce 
nearly the full spectrum of abnormalities.9

Rarely, other syndromes have been associated with inter-
rupted aortic arch (see Syndrome Associations). Prenatal 
exposure to retinoic acid is frequently associated with type 
B aortic arch interruption,10 the mechanism also thought to 
involve disturbance of neural crest–derived structures. One 
patient out of 23 with interrupted aortic arch was found to 
have a point mutation in the NKX2.5 gene, which is capable of 
producing a wide variety of cardiovascular anomalies.11

Treatment: Infusion of prostaglandin E1 is frequently used to 
maintain patency of the ductus arteriosus, ensuring adequate 
systemic blood flow prior to surgical intervention. One-stage 
operation (end-to-end or end to side anastomosis in children, 
interposition graft in adults) has improved mortality over mul-
tistage repairs,3 but early and late mortality rates continue to be 
substantial (12–14 percent and 20–30 percent, respectively).12

Prognosis: Without surgery, most patients die in the first two 
weeks of life.3 There are substantial rates of stenosis at the sur-
gical site, requiring reoperation or transcatheter intervention.3 
Associated anomalies play an important role in outcome.
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21.2 riGHt aOrtic arcH

(Right-Sided Aortic Arch)

Definition: An aortic arch that passes over the right mainstem bronchus and joins a right-sided proximal descending aorta, 
which crosses to the left side to enter the abdomen through a normally positioned aortic hiatus of the diaphragm.

ICD9/ICD10: 747.21/Q25.4 Syndrome Associations (Appendix)
CHARGE (CHD7, SEMA3E)
Kallmann (KAL1)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
PHACES
del 22q11.2

Birth prevalence: 1/1,000

Associated anomalies: tetralogy of Fallot, other cardiac 
anomalies

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray

Prenatal diagnosis: echocardiogram

Cause: chromosomal, microdeletions, Mendelian
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This malformation has two major variants with respect to 
the origin of the brachiocephalic arteries: the more common 
mirror-image branching and the less common retro-esophageal 
left subclavian artery.1 In addition, rare types of aberrant bra-
chiocephalic branching may exist in association with right aor-
tic arch.2,3

A right aortic arch represents persistence of the right 
fourth pharyngeal arch artery as opposed to the normal situ-
ation in which the aortic arch is fully formed from the left 
fourth pharyngeal arch artery. Interruption of the left arch 
between the left ductus arteriosus and the descending aorta 
leads to mirror-image branching in which the first branch 
of the arch is the innominate artery, the second is the right 
carotid artery, and the third is the right subclavian artery (Fig. 
21.2.1).4 Interruption of the left arch more proximally between 
the left common carotid and the left subclavian results in the 
less common form of branching (retro-esophageal left sub-
clavian artery (Fig. 21.2.2). In this form, the branches—from 
proximal to distal—are the left common carotid, the right 
common carotid, the right subclavian, and the left subclavian 
artery, which arises from the left dorsal aspect of the upper 

descending aorta, crossing the midline behind the esopha-
gus to supply the left arm. The presence and position of the 
ductus arteriosus is variable in both forms (absent, right, left, 
bilateral).1 With mirror-image branching, a retro-esophageal 
vessel is not present; therefore, neither the esophagus nor the 
trachea is compressed. In very rare situations, the point of 
attachment of the ductus is to a retro-esophageal descend-
ing aortic diverticulum (Kommerell diverticulum).5 In this 
situation a vascular ring is formed, made up of the right 
aortic arch to the right of the trachea and esophagus, the 
retro-esophageal segment of the aorta posteriorly, the ductus 
arteriosus to the left, and the pulmonary arterial bifurcation 
anteriorly. With right aortic arch and retro-esophageal left 
subclavian artery, only with a left-side ductus will symptoms 
occasionally occur due to the creation of a vascular ring. Even 
in this case most individuals are asymptomatic, since the ring 
is usually loose.

In both prenatally and postnatally ascertained popu-
lations virtually all individuals with right aortic arch and 
mirror-image branching have an associated cardiac defect, 
the most common of which is tetralogy of Fallot.6 In post-
natally ascertained populations many individuals with right 
aortic arch and retro-esophageal left subclavian artery have an 
associated cardiac defect, but intracardiac anatomy is normal 
in most who are ascertained prenatally.6 Associated cardiac 
defects include VSD, tetralogy of Fallot, transposition of the 
great arteries, common atrioventricular canal, and cor triatria-
tum.1 All individuals with right aortic arch should be evalu-
ated for the possibility of the deletion 22q11.2 syndrome and 
CHARGE syndrome.7,8 Less common associations are with 
Kallmann, Noonan, and PHACES syndromes.9-11

Treatment: When this defect is isolated, most affected indi-
viduals are asymptomatic so treatment is rarely necessary. 
Treatment depends on the associated cardiac defects accompa-
nying the right-sided aortic arch and any underlying syndrome. 
Surgical division of the ligamentum arteriosum is recommended 
for patients with respiratory symptoms or dysphagia.

Prognosis: Prognosis is excellent for isolated right aortic 
arch and is directly related to the accompanying cardiac defect 
in non-isolated cases. Relief of vascular ring symptoms may 
require months following surgery.
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21.3 cerVical aOrtic arcH

Definition: An aorta that ascends high in the mediastinum, above the clavicle and sometimes above the angle of the 
mandible.

ICD9/ICD10: 747.21/Q25.4 Syndrome Associations (Appendix)
del 22q11.2
Turner (45,X)

Birth prevalence: unknown (rare)

Associated anomalies: tetralogy of Fallot, truncus 
arteriosus

Laboratory studies: echocardiogram, CT, MRI, 
angiography, chromosome analysis with FISH, genomic 
microarray

Prenatal diagnosis: not reported

Cause: chromosomal, microdeletions, others

Sixty percent of cases of cervical aortic arch are on the 
right side and connect either to a left-sided (80  percent) or 
right-sided (20 percent) descending thoracic aorta. Similarly, 
left-sided cervical aortic arch connects either to a left-sided 
(70 percent) or right-sided (30 percent) descending thoracic 
aorta.1 Branching or structural anomalies of the aortic arch are 
present in the majority of recognized cases.2,3 Depending on 
the laterality of the cervical aortic arch and the arrangement of 
the brachiocephalic vessels, Haughton classified cervical aortic 
arch into five main types.4

Various errors of morphogenesis of the pharyngeal arch 
arteries have been proposed to explain the development of the 
cervical aortic arch.5 Persistence of the right third pharyngeal 
arch artery and regression of the fourth pharyngeal arch arter-
ies is presumed to account for most cases. Failure of inferior 
migration of the fourth pharyngeal arch artery and confluence 
of third and fourth pharyngeal arch arteries has been proposed 
to account for other cases.

This defect can present as a pulsatile mass in the cervical 
region or with chest infection, headache, or murmur, or be dis-
covered incidentally on chest radiograph. Prenatal diagnosis 
of this defect has not been reported to date. If the cervical arch 
and the thoracic aorta are contralateral, symptoms of tracheo-
esophageal compression can occur because a vascular ring is 
formed by the retro-esophageal descending aorta, ligamentum 
arteriosum, and pulmonary artery. In those cases a barium 
swallow reveals oblique compression posteriorly. The diagno-
sis is confirmed by computer-assisted tomography, magnetic 
resonance imaging, or angiography.

More than 150 cases have been reported in the world’s 
literature. There is a 2:1 female:male predominance in cases 
that come to medical attention. In the majority of cases there 

is no associated intracardiac pathology, but when an intracar-
diac defect is present it is almost always a VSD or conotruncal 
defect.6 There are several reports of cervical aortic arch, most 
of which are right-sided, in the 22q11.2 deletion syndrome.2,7 
Right-sided cervical aortic arch is more likely to be associated 
with intracardiac pathology, while left-sided cervical aortic 
arch is more likely to be complicated by coarctation and/or 
aneurysm.8,9 There is a particularly striking association between 
the Haughton class D cervical aortic arch and aneurysm.

Treatment: In the absence of symptoms, no treatment is 
indicated. Patients should be followed for development of 
symptoms of aneurysm, obstruction, or vascular ring. Surgical 
repair using patch augmentation aortoplasty or ynthetic graft 
is indicated for symptomatic individuals.3

Prognosis: Aneurysm formation and aortic dissection have 
been reported due to degenerative changes in the cervical aor-
tic arch, even in children. The Haughton class D cervical aortic 
arch seems to be most prone to the development of aneurysmal 
dilation. Pathology of the aneurysmal tissue has shown cystic 
medial necrosis in several patients, including one known to have 
Marfan syndrome. Coarctation has occurred in several cases.9
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21.4 DOuBle aOrtic arcH

Definition: A splitting of the ascending aorta into two segments, which pass on either side of the esophagus and trachea and 
join as a single descending aorta.

ICD9/ICD10: 747.21/Q25.4 Syndrome Associations (Appendix)
CHARGE (CHD7, SEMA3E)
Kabuki (KMT2D, KDM6A)
del 22q11.2

Birth prevalence: 1/3,000

Associated anomalies: tetralogy of Fallot, other 
conotruncal cardiac anomalies

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray

Prenatal diagnosis: echocardiogram

Cause: chromosomal, Mendelian, microdeletions

Double aortic arch arises due to persistence of the fourth right 
pharyngeal arch artery.1 The failure of dissolution of the right 
fourth pharyngeal arch artery leads to compression of the 
esophagus and trachea between the two segments of the split 
ascending aorta. In the most common variation both aortic 
arch segments are patent, the right (posterior) segment is larger 
than the left (anterior) segment, and the ductus and descend-
ing aorta are left-sided (Fig. 21.4.1). Less frequently one arch, 
usually the left (anterior) arch, is represented only by a cord.

Clinical manifestations including stridor, dysphagia, non-
productive cough, and hoarse cry develop soon after birth in 
the most severe cases.2 In one study of 24 patients the mean 
age of diagnosis was one year, with a range from seven days 
to 10 years.3 In some patients diagnosis does not occur until 
adulthood.4,5 The severity and onset of manifestations depend 
on the space between the aortic segments. Stridor is usually 
worsened by eating. Bronchopneumonia secondary to aspira-
tion is the major cause of death.

The diagnosis can be made by barium esophagram and 
confirmed with computed tomography and magnetic reso-
nance imaging.6 Angiography is rarely necessary. Prenatal 
diagnosis is unusual.7

Although the defect is most frequently seen as an isolated 
defect in an otherwise normal individual, it has been associ-
ated with the 22q11.2 deletion syndrome. The likelihood of 
22q11.2 deletion syndrome is higher if there is an atretic left 
(anterior) segment.8

Treatment: The goal of treatment is to alleviate tracheal 
obstruction and esophageal compression and prevent the 
long-term complications of aneurysmal dilation, traumatic 
rupture, and hemoptysis due to erosion into the esophagus or 
trachea. If, as is usually the case, the major arch is posterior, 
division of the anterior arch is usually performed between the 
left common carotid and left subclavian arteries or distal to 
the left subclavian artery. Occasionally, leaving the posterior 
arch in its native position does not correct airway obstruction, 
and transection of the posterior arch (distal to the right carotid 
artery) with anterior translocation and end-to-side reanasto-
mosis to the ascending aorta has been required.9 When the 

Fig. 21.4.1 Schematic of a double aortic arch, with both segments patent and 
giving rise to major aortic arch arteries. Other variations occur in which one 
segment is atretic.
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dominant segment is anterior, division of the posterior arch 
and the ligamentum arteriosum are indicated.

Prognosis: The prognosis is generally favorable. Dysphagia is 
often relieved immediately by the surgery; respiratory manifes-
tations usually resolve within one month of surgery. However, 
frequent respiratory illnesses, persistent cough, stridor, and 
pneumonia occur intermittently in a significant number of 
patients.10 Aortoesophageal fistula is a rare and catastrophic 
complication.11
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21.5 DOuBle-lumeN aOrtic arcH

Definition: A splitting of the ascending aorta into two parallel segments, both of which pass anterior to the trachea on their 
transverse course.

ICD9/ICD10: 747.21/Q25.4 Syndrome Associations (Appendix)
del 22q11.2

Birth prevalence: unknown

Associated anomalies: conotruncal cardiac anomalies

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray

Prenatal diagnosis: echocardiogram

Cause: chromosomal, Mendelian, microdeletions

Two anatomic variants of double-lumen aortic arch have been 
described.1 In the first variant, a smaller additional channel 
runs inferiorly along the transverse aortic arch proper from 
the level of the innominate artery to the level of the left subcla-
vian artery, creating a double-lumen aorta with no functional 
significance. In the second variant, the additional channel con-
nects to a derivative of the embryonic sixth arch, forming a 
systemic-to-pulmonary connection. In the setting of pulmo-
nary atresia, this accessory lumen supplies blood to the lungs 
and may be misdiagnosed as the ductus arteriosus.

Double-lumen aortic arch arises because of persistence 
of the fifth pharyngeal arch artery.2,3 Formerly the subject of 
controversy, the existence of the fifth pharyngeal arch artery 
in humans is gaining acceptance due to the accumulation of 
a growing number of cases without a plausible alternative 
embryological basis. The first recognized case of double-lumen 
aortic arch was described in 1969.4 The apparent rarity of this 
defect may involve failure of recognition. The vast majority 
of cases are discovered because of the presence of an associ-
ated cardiac defect. While almost always occurring on the left 
side, double-lumen aortic arch can occur on the right side if 
the right fourth and fifth pharyngeal arch arteries persist.5 One 

case of bilateral persistent fifth pharyngeal arch arteries has 
been reported.6 Persistent fifth aortic arch has been reported in 
chromosome 22q11 deletion.7

Double-lumen aortic arch may be recognized by echocar-
diography, magnetic resonance imaging, or angiography, all of 
which demonstrate the presence of two arches passing on the 
same side of the trachea in parallel. It is not uncommon for a 
double-lumen aortic arch to be missed by echocardiography 
and even surgical inspection. Histologically, the two lumina 
have separate adventitial layers, but on direct inspection the 
aortic isthmus can simply appear unusually wide, sometimes 
with a linear dimple in its center.

Treatment: When there is no associated cardiac defect, per-
sistent fifth aortic arch (systemic-to-systemic connection) is 
asymptomatic. Coarctation of one or both segments of the 
double-lumen aortic arch is often repaired by anastomosis of 
the two lumens to create a larger channel.8

Prognosis: Prognosis is determined by the associated car-
diac defect, if any. Associated noncardiac malformations are 
uncommon.
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21.6 iNNOmiNate artery VariaNtS

Definition: Aberrant origin of the innominate artery as the third branch of the aorta.

ICD9/ICD10: 747.21/Q25.4 Syndrome Associations (Appendix)
CHARGE (CHD7, SEMA3E)
Laterality defects
del 22q11.2
Trisomy 21

Birth prevalence: unknown

Associated anomalies: intracardiac anomalies

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray

Prenatal diagnosis: not reported

Cause: chromosomal, microdeletions, Mendelian

The usual sequence of branching from the aortic arch is the 
right innominate, left common carotid, and the left subclavian 
arteries; but occasionally the innominate and left common 
carotid arteries arise together as a brachiocephalic trunk (Fig. 
21.6.1). Origin of the left vertebral artery between the left com-
mon carotid and left subclavian arteries is another variation 
that typically causes no symptoms.

In the setting of a right aortic arch, the arterial branching 
pattern in cases of aberrant left innominate artery is usually 
(1) mirror-image of the branching seen in normal left aortic 

arch or (2) aberrant branching with the left subclavian artery 
arising as the fourth main branch (Entry 21.2). In this rare 
variant (aberrant left innominate artery), the innominate 
(brachiocephalic) artery arises aberrantly as the third branch, 
after the right common carotid and right subclavian arteries, 
from the distal right aortic arch passing upward and to the left 
behind the esophagus before giving rise to the left common 
carotid and left subclavian arteries.1,2 The ductus arteriosus 
persists on the left, connecting the aberrant artery to the left 
pulmonary artery and creating a vascular ring. Dysphagia can 
result from the posterior compression on the esophagus. A lat-
eral esophagram demonstrates a large posterior impression.

An isolated innominate artery is one that does not origi-
nate from the aorta but communicates with the pulmonary 
trunk via a patent ductus arteriosus. This rare anomaly was 
described first in 1966, and only several dozen additional cases 
have been reported to date.3,4 Most isolated innominate arter-
ies are left-sided with right-sided aortic arch. Most are dis-
covered in the course of evaluating for coexisting intracardiac 
pathology. If the ductus arteriosus obliterates, the blood sup-
ply to the isolated artery is usually via vertebral and collateral 
arteries, and Doppler echocardiography may be able to dem-
onstrate reversal of flow in the vertebral artery. When contrast 
is injected into the aortic arch during cardiac catheterization, 
the innominate artery shows delayed opacification via verte-
bral and collateral arteries. The diagnosis should be suspected 
in any patient with a right aortic arch and diminished pulses or 
blood pressure in the left arm. Patients can present with mani-
festations such as claudication of the left arm or syncope due 
to reversal of flow in the left carotid and vertebral arteries.5 

Fig. 21.6.1 Schematic of an anomalous innominate artery, with the left common 
carotid arising from a brachiocephalic artery, which is positioned to the left of 
the trachea.
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Isolated innominate artery has been reported in Down syn-
drome, CHARGE syndrome and 22q11 deletion syndrome, 
and in the context of a complex cardiac defect accompanying a 
disturbance of laterality.6-8

Compression of the trachea by the innominate artery is 
not a true anomaly, since in the majority of individuals the 
innominate artery originates partially or completely to the left 
of the trachea and crosses anteriorly to it. Indentation of the 
trachea has been noted in 30 percent of normal children and in 
71 percent of patients with congenital heart disease.9 In some 
cases, compression of the trachea leads to cough, stridor, and 
occasionally apnea, cyanosis, and pneumonia.6 A lateral plain 
chest film may show a curvilinear, constant, anterior tracheal 
narrowing midway between the carina and the sternal notch.10 
However, in a series of 13 symptomatic patients with trachea 
compression by the innominate artery, only four were iden-
tified with anterior tracheal indentation on chest radiograph, 
and all had normal esophagrams; tracheobronchoscopy or aor-
tography demonstrated the compression in the remainder.11

Treatment: Patients with findings suggesting central nervous 
system–related vascular insufficiency or left arm claudication 
may require reimplantation of the isolated artery into the aorta 
to diminish steal from the cerebral circulation. If the innomi-
nate artery is connected to the pulmonary artery via a patent 
ductus arteriosus, ligation of the duct will prevent pulmonary 
steal and may be sufficient.6

In the past, patients who had clinical manifestations due 
to tracheal compression by the innominate artery were treated 
with aortic suspension (suturing the aorta to the sternum with-
out dissecting the vessel away from the trachea, thereby open-
ing the lumen of the airway), but currently most patients are 
managed nonoperatively. Clinical findings resolve gradually, 

and patients are usually asymptomatic by 18 months of age.9 
Surgery should be reserved for those infants with severe stri-
dor, wheezing, cyanosis, recurrent pneumonia, atelectasis, or 
any episode of apnea.10

Prognosis: The vast majority of cases of tracheal compres-
sion by the innominate artery are self-resolving. The presence 
of an associated cardiac anomaly generally determines the 
overall prognosis. Steal phenomena can be ameliorated with 
reimplantation of the aberrant artery.
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21.7 SuBclaViaN artery VariaNtS

(Aberrant Right Subclavian Artery, Isolated Subclavian Artery)

Definition: An aberrant right subclavian artery originates below the left subclavian artery as the fourth main branch of the 
left-sided aortic arch. An isolated subclavian artery does not originate from the aorta. Aberrant left subclavian artery is dis-
cussed in Entry 21.2.

ICD9/ICD10: 747.69/Q27.8 Syndrome Associations (Appendix)
Laterality defects (ZIC3)
Marfan (FBN1)
VACTERL
Williams (ELN, del 7q11.23)
Trisomy 21
Potocki-Lupski (dup 17p11.2)
del 22q11.2

Birth prevalence: aberrant right subclavian artery: 1/40 to 
1/200, isolated subclavian artery: unknown

Associated anomalies: coarctation, interrupted aortic 
arch, right aortic arch, intracardiac anomalies, esophageal 
atresia, tracheoesophageal fistula, abnormalities of lung 
lobation, anal atresia, gall bladder agenesis, asplenia, 
double uterus and vagina, renal anomalies, sacral spina 
bifida

Laboratory studies: barium esophagram, 
echocardiography, CT, MRI, angiography

Prenatal diagnosis: not reliable

Cause: sporadic, chromosomal, microdeletion/duplication, 
Mendelian

A B E R R A N T  R I G H T  S U B C L AV I A N  A RT E RY

Usually, three large arteries arise from the arch of the aorta: the 
brachiocephalic trunk (divided into the right common carotid 
artery and the right subclavian artery), the left common 
carotid artery, and the left subclavian artery. However, when 
the aberrant right subclavian artery (ARSA) variant is pres-
ent, the right common carotid artery arises first, the left com-
mon carotid artery second, the left subclavian artery third, 
and the right subclavian artery, also called the arteria lusoria, 
arises independently as the fourth branch.1 The ARSA courses 
obliquely upward to the right and passes posterior to the 
esophagus (80  percent), between the trachea and esophagus 
(15 percent), or anterior to both structures (5 percent).1

Most individuals (>90 percent) with ARSA never develop 
symptoms because the ARSA does not form a complete ring 
around the esophagus and trachea. For those who do, difficulty 
in swallowing, referred to as dysphagia lusoria, generally has its 
onset in adulthood (possibly related to atherosclerotic harden-
ing).1 However, children with a history since infancy of slow 
feeding, gagging, vomiting, and airway symptoms have been 
reported.2 Other presenting complaints in adulthood include 
shortness of breath, chest pain, swelling of the right side of 
the neck, cough, hoarseness, vertigo, and Horner syndrome.3 
Barium esophagram is the most helpful study in document-
ing this abnormality. The lateral view reveals a small posterior 
esophageal indentation, while the oblique course of the vessel 
is demonstrated in the frontal view. Other imaging modalities 
have successfully identified this defect.

When ARSA is associated with other cardiac or vascu-
lar malformations, visceral anomalies should be sought. In 

an autopsy study, one-third of cases had noncardiovascular 
anomalies.4 As with other aortic arch abnormalities, 22q11 
deletion syndrome should be considered in patients with aber-
rant right subclavian artery.5

Treatment: Surgery is the treatment of choice for infants and 
children who are symptomatic. The majority of symptomatic 
adult patients will benefit from surgical correction, although 
care must be taken to address coexisting esophageal pathol-
ogy.6 Division of the subclavian artery can result in upper limb 
ischemia and subclavian steal, so techniques to maintain con-
tinuity of the right subclavian artery are preferred.4 The most 
common technique employed is end-to-side anastomosis to 
the right carotid artery.6 Newer techniques include endovascu-
lar graft occlusion with revascularization.7

Prognosis: ARSA can be associated with aneurysm, rupture, 
dissection, or erosion into adjacent structures. A case can be 
made for repair of incidentally discovered lesions because 
of these associated risks and because once an aneurysm has 
developed, the surgical repair is much riskier.1,7

I S O L AT E D  S U B C L AV I A N   A RT E RY

Isolated subclavian artery can occur on the left with a right-side 
aortic arch or (less commonly) on the right with a left-side aor-
tic arch.8 The isolated subclavian artery is connected to the ipsi-
lateral pulmonary artery by a ductus arteriosus. If the ductus 
arteriosus remains patent, once the pulmonary vascular resis-
tance falls, flow reverses in the subclavian artery and collateral 
supply develops. In the case of a closed ductus arteriosus on 
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the side of the subclavian artery, the subclavian artery is sup-
plied by collateral vessels, usually the vertebral artery.

Differential amplitude of upper limb pulses are a clue to the 
diagnosis, but this sign may not always be present.9 This anomaly 
can present in children with symptoms of airway or esophageal 
compression or in adults with arm claudication (if collateral sup-
ply is insufficient) or with the subclavian steal phenomenon, 
where the reversal of flow through the collateral vertebral-basilar 
arterial system results in syncope or transient cerebral ischemia.10 
Barium esophagraphy is normal. Helical CT scan and MRI are 
both adequate to detect this anomaly.8 Definitive demonstration 
by aortography is the investigation of choice.

Treatment: Surgical reimplantation to the aorta directly or 
via an interposition graft is the treatment of choice.

Prognosis: Prognosis is usually determined by an associated 
intracardiac malformation. The anatomy of the subclavian artery 
is particularly significant if the cardiac malformation is being pal-
liated with a Blalock-Taussig shunt, as these are usually performed 
on the side contralateral to the arch. 9 When the ductus arteriosus 
is patent, there is potential for pulmonary overcirculation.
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21.8 PateNt DuctuS arteriOSuS

Definition: Lack of closure of the ductus arteriosus within 24 hours in full-term infants.

ICD9/ICD10: 747.0/Q25.0 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
Carpenter (RAB23)
Char (TFAP2B)
CHARGE (CHD7, SEMA3E)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Facio-auriculo-vertebral spectrum
Hay-Wells (TP63)
Holt-Oram (TBX5)
Lymphedema-Distichiasis (FOXC1)
Meckel-Gruber (MKS1)
Mowat-Wilson (ZEB2)
Neu-Laxova
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Rubinstein-Taybi (CREBBP)
VACTERL
Trisomies 13, 18, 21
48,XXXY, 49,XXXXX, 49,XXXXY
del 1p36, 4p, 9p, 22q11.2
Maternal diabetes
Prenatal rubella infection
Prenatal hydantoin, valproate exposure

Birth prevalence: 1/1,000

Associated anomalies: often isolated, but 
musculoskeletal, brain, and intracardiac defects may 
occur

Laboratory studies: echocardiogram, chromosome 
analysis with FISH, genomic microarray

Prenatal diagnosis: not applicable (ductus arteriosus is a 
normal antenatal structure)

Cause: chromosomal, microdeletions, Mendelian, 
teratogens
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The ductus arteriosus connects the pulmonary artery to the 
proximal descending aorta in the developing fetus. From a 
functional standpoint the ductus arteriosus normally closes 
soon after birth, although anatomic obliteration does not take 
place until a few weeks postnatally. The ductus is usually on the 
left, connecting the main pulmonary trunk with the descend-
ing aorta just distal to the origin of the left subclavian artery. 
However, in cases of right aortic arch it may be on the right 
side, and rarely is bilateral. This discussion excludes persistent 
patency in premature infants due to normal physiologic delay 
in closure. As opposed to preterm ductus, in which the struc-
tural anatomy is normal, patent ductus arteriosus in the term 
infant shows deficiency of the mucoid endothelial layer and 
the muscular media.1

Although a small ductus is not usually associated with 
clinical manifestations, a large patent ductus arteriosus (PDA) 
results in distinctive clinical signs that are usually diagnostic. 
These include a wide pulse pressure with water-hammer arte-
rial pulses and a machinery-like murmur, which begins soon 
after the first heart sound, reaches maximum intensity at the 
end of systole, and decreases in late diastole. A prominent pul-
monary artery with increased pulmonary vascular markings 
is commonly seen on chest radiograph. Electrocardiogram 
shows evidence of left ventricular hypertrophy and echocar-
diogram usually reveals an enlarged left atrium and ventricle 
in addition to the PDA. Cardiac catheterization is confirma-
tory but rarely necessary.1

PDA is relatively common and frequently occurs in asso-
ciation with other congenital heart defects. As an isolated 
defect, a clinically significant PDA occurs in about 1 in 10,000 
livebirths.2,3 Silent PDA, a tiny ductus that is not detected 
by auscultation but found incidentally during echocardiog-
raphy done for another purpose, may have an incidence of 
1/500–1/1000.3 In the New England Regional Infant Cardiac 
Program (1969–1974), there was 2:1 excess of females,2 but the 
Baltimore-Washington Infant Study did not find a statistically 
significant deviation of the sex ratio.4

PDA is heterogeneous in etiology. It is often observed as 
an isolated defect in an otherwise normal individual. As an 
isolated defect it has been seen in multiple generations of a 
family, suggesting autosomal dominant inheritance in some 
individuals. In consanguineous populations, autosomal reces-
sive inheritance with reduced penetrance has been postulated. 
However, for the majority of isolated cases a multifactorial eti-
ology is considered likely. In a population-based study of con-
genital heart defects among 22 probands with PDA, one of 13 
siblings (7.7 percent) also had a PDA.5

Frequently PDA occurs as one feature of a multiple malfor-
mation syndrome. Teratogenic, chromosomal, and single-gene 
(both dominant and recessive) etiologies can be associated 
with PDA. For the majority of these syndromes, PDA is only 
an occasional defect. However for some, such as rubella 

embryopathy, Char syndrome, and the 49,XXXXX syndrome, 
PDA is the most common cardiac defect.6-8

The ductus arteriosus is derived from the sixth left aor-
tic arch. The mechanisms responsible for normal ductal clo-
sure are not completely known, nor are those that maintain 
patency, but hormone levels and oxygen tension are impor-
tant factors. The association of PDA with flow-related car-
diac defects and its frequent association with intrauterine 
rubella, an agent that compromises development of arterial 
walls, indicate that blood flow is likely also an important 
determinant of ductal patency.

Treatment: For five decades the treatment of PDA has been 
surgical ligation and division through a posterolateral tho-
racotomy, with minimal morbidity and mortality in those 
patients who have not developed irreversible pulmonary 
vaso-occlusive disease. Small to moderately large PDAs are 
now routinely treated with trans-catheter coil closure, which 
has the advantage of being minimally traumatic and per-
formed as an ambulatory procedure.9,10 Large PDAs, or those 
without a constricting area to trap the coil, can be approached 
with video-assisted thoracoscopic surgery.

Prognosis: Because of the pressure differential between 
the aorta and pulmonary artery, PDA is associated with 
high-velocity flow that poses a risk for bacterial endocardi-
tis and pulmonary vascular occlusive disease if untreated. 
Treatment with surgical ligation or an occluding device avoids 
these complications.
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21.9 cOarctatiON Of tHe aOrta

Definition: A constriction of the thoracic aorta of varying length, almost always located just distal to the origin of the subcla-
vian artery at the junction of the ductus arteriosus and the aorta.

ICD9/ICD10: 747.10/Q25.1 Syndrome Associations (Appendix)
Alagille (JAG1)
CHARGE (CHD7, SEMA3E)
Facio-auriculo-vertebral spectrum
Holt-Oram (TBX5)
Kabuki (KMT2D, KDM6A)
Meckel-Gruber (MKS1)
Mowat-Wilson (ZEB2)
Neurofibromatosis (NF1)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
PHACES
Rubinstein-Taybi (CREBBP)
VACTERL
Williams (ELN, del 7p)
Turner (45,X)
Trisomies 13, 18, 21
Maternal phenylketonuria
Prenatal alcohol, hydantoin, valproate exposure

Birth prevalence: 1/2,500

Associated anomalies: patent ductus arteriosus, 
ventricular septal defect, bicuspid aortic valve

Laboratory studies: echocardiogram, MRI

Prenatal diagnosis: ultrasonography unreliable, no 
biochemical markers

Cause: chromosomal, Mendelian (AD, AR, XL), 
environmental

Aortic coarctation is the fifth most common congenital heart 
defect.1,2 The constriction can be proximal to the origin of the 
ductus arteriosus, in which case lower trunk blood flow is sup-
plied by right ventricular output across the ductus arteriosus; 
or distal to the origin of the ductus arteriosus, in which case 
lower trunk blood flow is supplied by left ventricular output 
through the ascending aorta (Fig. 21.9.1).3 There are several 
mechanistic theories, but the underlying etiology remains 
unknown.2

Symptomatic coarctation of the aorta is usually identi-
fied in infancy with the onset of congestive heart failure. 
Delayed presentation may be due to less severe narrowing 
or the development of collateral circulation.2 Children with 
coarctation of the aorta frequently have differential pulses 
and blood pressures between the arms and legs. In infancy 
the electrocardiogram reveals right ventricular hypertrophy. 
An echocardiogram is helpful, particularly with respect to 
documenting coexisting cardiac defects.4 Two-thirds of indi-
viduals with aortic coarctation in infancy have a PDA (Entry 
21.8), approximately one-third have a VSD (Entry 20.3), and 
one-third have a bicuspid aortic valve.3,5 Left ventricular angi-
ography is important in order to delineate the anatomy of the 
coarctation and to document whether blood flow to the lower 
trunk is supplied via the ascending aorta or the ductus arterio-
sus. Increasingly, magnetic resonance imaging is being used 
to define aortic anatomy, especially in those with suboptimal 
acoustic windows.6

Fig. 21.9.1 Coarctation of the descending aorta (arrow) demonstrated by 
angiography. (Courtesy of Dr. Rodney I. Macpherson, Medical University of 
South Carolina, Charleston.)
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After infancy, coarctation of the aorta is rarely associ-
ated with clinical manifestations. A bicuspid aortic valve fre-
quently co-occurs with coarctation, but most older patients 
do not have associated intracardiac defects. Although the 
diagnosis often is not made before the age of 10  years, dif-
ferential blood pressures between the arms and legs remains 
a constant feature; typically, systolic blood pressure in the 
arms is elevated, and femoral and pedal pulses are reduced 
or absent.7 An electrocardiogram may show left ventricular 
hypertrophy but is frequently normal. Chest radiograph in 
children older than five years reveals rib notching, variable 
alterations in the aortic arch, and prominence of the descend-
ing aorta.8

There is an excess of males, with a 1.7:1 male predomi-
nance.2 Coarctation of the aorta occurs frequently among 
females with 45,X Turner syndrome and occurs more rarely 
in many other syndromes.9 As an example of a nonsyndromal 
presentation, one adult patient (age 59 years) with coarctation 
of the aorta had a point mutation in the NKX2.5 gene, muta-
toins in which can produce a wide spectrum of cardiovascular 
defects.10

Recurrence risk figures have been determined based on 
population-based studies of congenital heart defects. For 
example, of 54 probands ascertained with coarctation of the 
aorta, three of 37 siblings (8.1  percent) had a cardiac defect 
(one coarctation, one PDA, and one VSD).11

Treatment: Surgery is usually the treatment of choice for 
aortic coarctation in infants. Surgical options have included 
end-to-end anastomosis, resection with interposition graft, 
and aortoplasty with patch or subclavian flap. 12 Transcatheter 
balloon angioplasty has emerged as an alternative to surgery in 
adolescents and adults for native coarctation and for recurrent 
coarctation at all ages.12 Surgical repair is associated with more 
procedural complications, but the re-coarctation rate is higher 
with angioplasty. Endovascular stents can be used to main-
tain adequate vessel patency, and bio-absorbable devices are 
a promising new modality.2,6,12 Balloon angioplasty is the pre-
ferred treatment in those who have developed a re-coarctation 
after surgical repair.

Prognosis: Prognosis depends on a variety of factors, includ-
ing the age of the patient at diagnosis and the severity of asso-
ciated cardiovascular and other anomalies. Twenty percent of 
individuals with untreated coarctation die between the first 
and second decades. Historically, operative mortality figures 
range from 4  percent to 32  percent, but present figures are 
substantially lower.2,3 Approximately one-third of patients 
experience long-term cardiovascular complications including 
re-coarctation, aortic valve abnormalities, premature coronary 
artery disease, and aortic aneurysm.13 The risk for hyperten-
sion is reduced with earlier age of surgery but remains substan-
tial (30 percent).2 A variety of neurological deficits have been 
reported in those with unrecognized/untreated coarctation.14
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21.10 PeriPHeral PulmONary artery SteNOSiS

(Peripheral Pulmonic Stenosis)

Definition: Stenosis of the main or branch pulmonary arteries, which may be proximal or distal.

ICD9/ICD10: 747.49/Q26.1 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
CHARGE (CHD7, SEMA3E)
Cranioectodermal dysplasia (IFT43)
Keutel (MGP)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Supravalvar aortic stenosis
Watson (NF1)
Williams (ELN, del 7q11.23)
del 22q11.2

Birth prevalence: 1/500–1/5,000

Associated anomalies: cardiac, skeletal, gastrointestinal, 
ectodermal

Laboratory studies: echocardiogram, other non-invasive 
imaging modalities

Prenatal diagnosis: ultrasonography unreliable, no 
biochemical markers

Cause: chromosomal, Mendelian (AD, AR)

Frequently seen in the newborn, peripheral pulmonary artery 
stenosis (PPS) is a physiological state due to relative hypoplasia 
of the branch pulmonary arteries; it resolves spontaneously with 
growth.1 PPS that is pathological rather than physiological is the 
subject of the remainder of this entry. PPS is said to accompany 
2 percent of all congenital heart defects and thus is estimated 
to have an incidence of approximately 1/6,000; however, in an 
unselected newborn population in Taiwan, the incidence was 
described as 1/700.2 The most commonly associated congenital 
heart lesions include valvar pulmonary stenosis, septal defects, 
patent ductus arteriosus, and tetralogy of Fallot, but nearly every 
type of cardiac defect has been described with PPS.1 In addi-
tion to congenital forms, acquired forms are described following 
surgical intervention for other congenital cardiovascular lesions.

PPS has been subdivided into four types. Type I consists of 
a single constriction located in the main, right, or left pulmo-
nary artery (PA); Type II consists of a narrowing at the bifur-
cation of the main PA into left and right PAs; Type III consists 
of multiple segmental stenosis; Type IV consists of multiple 
stenoses involving the central as well as peripheral arterial seg-
ments (Fig. 21.10.1).1

The natural history of PPS varies with the presence of 
an underlying syndrome or other disorder. For example, in 
Williams syndrome, patients who are asymptomatic with 
subsystemic right ventricular pressure usually experience 
improvement in PPS over time.3,4 Intervention may be needed 
for those with right ventricular dysfunction, symptoms of right 
heart failure, and suprasystemic right heart pressures. The pat-
tern of natural regression of PPS is less common with more 
severe stenoses. In Alagille syndrome, there does not appear to 
be resolution of PPS over time.4

Treatment: Treatment modalities include balloon dilation, 
stent placement, and patch arterioplasty. Surgical repair is asso-
ciated with a substantial rate of re-stenosis, and balloon dilation 
frequently fails to achieve adequate dilation, presumably due to 

Type IA

Type IB Type IC

Type IIA Type IIB

Type III Type IV

Fig. 21.10.1 Line drawing of a classification for various tyupes of peripheral 
pulmonary artery stenosis. (From from Trivedi KR and Benson, J Interv Cardiol 
16:171, 2003.)
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altered elastic properties of the vessel although late remodel-
ing of the vessel may occur in some patients.5 Stents may be 
the most cost-effective treatment.1 Collaborative surgical and 
transcatheter interventions frequently offer the best results.

Prognosis: Prognosis varies depending on the anatomic 
type of PPS and whether there is an associated syndrome. 
Frequently, mortality in those with associated syndromes is 
related to medical (cardiac and noncardiac) problems other 
than PPS. For those with severe bilateral PPS receiving trans-
catheter intervention at a major medical center in the current 
era, there was a 10-year survival of 87 +/- four percent.6 There 
is a substantial need for reintervention, however (50 percent at 
one year and 75 percent at five years).6
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21.11 PerSiSteNt left SuPeriOr VeNa caVa

Definition: Persistence of an embryonic structure that drains the confluence of the left internal jugular and left subclavian 
veins into the right atrium via the coronary sinus.

ICD9/ICD10: 747.49/Q26.1 Syndrome Associations (Appendix)
Ellis-van Creveld (EVC2, LBN)
Fryns
Holt-Oram (TBX5)
Joubert (INPP5E, TMEM216, AHI1, NPHP1, 
CEP290, TMEM67, RPGRIP1L, ARL13B, CC2D2A, 
CXORF5, TTC21B, KIF7, TCTN1, TMEM237, CEP41, 
TMEM138, C5ORF42, TCTN3, ZNF423, TMEM231, 
CSPP1, PDE6D)
Laterality defects (ZIC3)
PHACES
Short-rib polydactyly (DYNC2H1, NEK1, WDR34, 
IFT140, IFT172, IFT80, WDR60)
TARP (RBM10)
Wildervanck
Turner (45,X)
Prenatal valproate exposure

Birth prevalence: 1/200–1/300

Associated anomalies: cardiac, skeletal, gastrointestinal

Laboratory studies: echocardiogram, other non-invasive 
imaging modalities

Prenatal diagnosis: ultrasonography unreliable, no 
biochemical markers

Cause: chromosomal, Mendelian (AD, AR, XLR), 
teratogens

In normal development, venous return from the cephalic por-
tion of the embryo drains into the right atrium via paired left 
and right anterior cardinal veins. By the eighth week of gesta-
tion, the left innominate vein develops a bridge between the 
left and right anterior cardinal veins. As blood flow increases 
through the left innominate vein and decreases through the 
caudal portion of the left anterior cardinal vein, the latter ves-
sel gradually becomes obliterated. If the caudal portion of the 
left anterior cardinal vein remains patent, it becomes a persis-
tent left superior vena cava (PLSVC) draining into the right 
atrium via a dilated coronary sinus (Fig. 21.11.1A).1 If the 
normal invagination between the left sinus horn and the left 
atrium fails to occur, the coronary sinus fails to form, and the 
PLSVC drains into the left atrium (Fig. 21.11.1B).

In at least two-thirds of cases of PLSVC, the right supe-
rior vena cava is also present but may be smaller than usual.2 
In 80 to 92 percent of cases, the PLSVC drains into the right 
atrium via the coronary sinus, which produces no hemody-
namic consequences, and the diagnosis is made incidentally 
during investigations for unrelated reasons. However, the 
drainage pattern can result in an enlarged coronary sinus that 
can interfere with the formation of the posterior wall of the 
left atrium, causing either a fenestration between the coro-
nary sinus and left atrium (unroofing of coronary sinus) or an 
interatrial communication through the mouth of the coronary 
sinus (coronary sinus type atrial septal defect). In this situation 
the PLSVC effectively drains into the left atrium, and symp-
toms of right-to-left shunt can occur.
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In 8  percent to 20  percent of cases the PLSVC connects 
to the left atrium in a straight line fashion or through the left 
superior pulmonary vein.3 When PLSVC occurs as an isolated 
defect, patients can be asymptomatic or minimally symptom-
atic. Symptoms are usually those of a right-to-left shunt (mild 
peripheral cyanosis and polycythemia). Cardiovascular exam-
ination, chest radiography, and electrocardiography may be 
normal. Computed tomography, magnetic resonance imaging, 

or echocardiography with color Doppler can make the diagno-
sis noninvasively.

The majority of PLSVC connecting to the left atrium 
occurs in association with other cardiac defects, including 
septal defects, coarctation, transposition of the great vessels, 
tetralogy of Fallot, and total anomalous pulmonary venous 
return.2,3 Bilateral superior vena cavae with the PLSVC drain-
ing into the left-sided atrium occurs with laterality defects. 
PLSVC is associated with as many as 12 percent of all congeni-
tal heart defects, in which case symptoms reflect the under-
lying cardiac anomaly.2 Echocardiography shows an enlarged 
coronary sinus, and definitive diagnosis is made by angiogra-
phy. PLSVC also occurs as a component in many syndromes 
and is included as a defining feature in conditions such as 
TARP syndrome.4

Treatment: Treatment is surgical and involves either simple 
ligation of the PLSVC or transposition to the right atrium.

Prognosis: When isolated, the prognosis of PLSVC is excel-
lent and treatment is unnecessary. The practical importance 
of the defect relates to increased difficulty in performing car-
diac catheterization through the left arm or in placing central 
venous access devices. Coronary sinus dilation may involve a 
risk for cardiac arrhythmia due to stretching of the atrioven-
tricular node and His bundle.1,5 When complicated by other 
cardiovascular anomalies, the prognosis depends on that of 
associated cardiac defects. Because systemic venous return 
drains directly into the left atrium, there is a risk of paradoxi-
cal emboli to the central nervous system.
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A

B

Fig. 21.11.1 A. Schematic showing persistence of the left superior vena cava, 
with connection into the right atrium. B. Schematic showing persistence of the 
left superior vena cava, with connection into the left atrium.
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21.12 iNferiOr VeNa caVa VariaNtS

(Left, Double, Interrupted, agenesis)

Definition: A left inferior vena cava (IVC) is one that travels to the left of the aorta and crosses to the right at the level of 
the renal hila. Double IVC are paired venae cavae that travel on either side of the aorta and join at the level of the renal hila. 
Interrupted IVC is absence of the IVC between the renal veins and the hepatic veins. Agenesis of the IVC indicates complete 
absence with venous drainage through anastomosed channels of the azygous and hemiazygos veins.

ICD9/ICD10: 747.49/Q26.8 Syndrome Associations (Appendix)
Cloacal exstrophy
Hennekam (CCBE1, FAT4)
Laterality defects (ZIC3)
Mayer-Rokitansy-Küster-Hauser

Birth prevalence: 1/30–1/500

Associated anomalies: cardiac, gastrointestinal, 
genitourinary

Laboratory studies: ultrasonography, magnetic resonance 
angiography

Prenatal diagnosis: standard ultrasonography  
unreliable, no biochemical markers, possibly by 
echocardiography with dedicated examination of fetal 
veins

Cause: chromosomal, Mendelian (AD, AR, XL), 
environmental

The inferior vena cava (IVC) is formed between four and eight 
weeks gestation through a process of development, anasto-
mosis, and regression of three sets of paired veins (cardinal, 
subcardinal, and supracardinal).1,2 The mature IVC evolves to 
a unilateral right-sided cava consisting of hepatic, suprarenal, 
renal, and subrenal segments.1 Although many abnormalities 
of IVC development have been described, only a few have clin-
ical significance.

A left IVC results from persistence of the left supracardinal 
vein with regression of the right supracardinal vein. Left IVC 
can cross either in front of or behind the aorta.

Double IVC results from persistence of both supracar-
dinal veins. The left-side components occasionally originate 
from persistence of the left subcardinal vein (rather than the 
left supracardinal vein), and in this case the left ureter is ret-
rocaval and is subject to compression. Rarely, double IVC with 
both cavae running on the right side can arise from persistence 
of the right supracardinal and right subcardinal veins, which 
converge into a single vessel at the level of the renal hila.3 There 
is no clinical significance to this type of IVC variant.

Interrupted IVC is almost always associated with azygous 
continuation.4 Failure of the right subcardinal and hepatic veins 
to join results in a deficiency of the IVC above the renal veins 
(Fig. 21.12.1). Anastomosis between the right subcardinal and 
right supracardinal veins allows blood from the lower part of 
the body to reach the azygos vein, which courses to the right of 
the spine. The azygos vein enters the thorax through the aor-
tic hiatus of the diaphragm and joins the superior vena cava 
just above its junction with the right atrium. This anomaly can 
be isolated and asymptomatic or can be associated with car-
diac defects (cor biloculare, atrioventricular canal, anomalous 

connections of pulmonary veins, double-outlet right ven-
tricle, large ASD, pulmonary stenosis or atresia, abnormal 
cardiac position, anomalies of the superior vena cava, situs 

Fig. 21.12.1 Schematic showing interruption of the inferior vena cava between 
the renal veins and the hepatic veins. Blood returns to the heart via the 
azygous vein and the superior vena cava.
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abnormalities), in which case symptoms are related to the 
accompanying cardiac defect.5,6

Congenital absence of the IVC is rare and is usually found 
incidentally. Sometimes this variant is diagnosed when collat-
eral vessels anastomosing to the azygos and hemizygos veins 
become aneurysmal.

Treatment: IVC variants do not typically require treatment. 
Symptomatic retrocaval left ureter (in the case of a left-side or 
double IVC) is managed with division and ureterostomy ante-
rior to the IVC.

Prognosis: There is no clinical significance to left IVC unless 
abdominal surgery is needed; left and double IVC can compli-
cate surgical repair of abdominal aortic aneurysms. Otherwise, 
double IVC has no significance unless the left ureter is retro-
caval. Interrupted IVC and agenesis of IVC predispose to the 
development of lower limb deep venous thrombosis.1,7-9 The 
prognosis of interrupted IVC relates to the accompanying car-
diac defect.
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21.13 cONGeNital aBSeNce Of tHe POrtal VeiN

(Agenesis of the Portal Vein, Abernethy Malformation)

Definition: Agenesis of the portal vein resulting in the enteric blood bypassing the liver and draining directly into the sys-
temic circulation.

ICD9/ICD10: 747.49/Q26.8 Syndrome Associations (Appendix)
Costello (HRAS)
Facio-auriculo-vertebral spectrum
Laterality defects (ZIC3)
Turner (45,X)
Trisomy 21

Birth prevalence: rare

Associated anomalies: cardiac, gastrointestinal

Laboratory studies: color Doppler sonography, MRI, CT

Prenatal diagnosis: unreliable

Cause: unknown

The portal vein develops between the fourth and tenth gesta-
tional weeks from portions of the right and left vitelline veins 
and receives flow from the splenic and superior mesenteric vein 
primordia. In congenital absence of the portal vein (CAPV), 
the splenic and superior mesenteric veins each anastomose 
directly with the systemic circulation (usually the infrahepatic 
inferior vena cava or left renal vein) or form a confluence that 
then connects directly to the inferior vena cava, bypassing the 
liver.1,2 Abernathy malformation is often used as a synonym and 
reflects the first description in 1793.3

Less than 100 cases of CAPV have been reported; however, 
the vast majority of reports have occurred since the advent of 
improved noninvasive imaging techniques, suggesting that 
CAPV is not as rare as previously suggested. Two-thirds of cases 
are in females.1 The diagnosis is suggested by color Doppler 
sonography demonstrating a portacaval shunt and is confirmed 
with computed tomography or magnetic resonance imaging. 

Since the improvement in noninvasive imaging, angiography is 
rarely necessary.4 The diagnosis of CAPV has been made from 
the prenatal period up to 60 years of age.1 Often CAPV is dis-
covered incidentally in children while evaluating another issue. 
CAPV can co-occur with biliary atresia, choledochal cyst, and 
congenital heart defects (mostly septal defects).1, 5-7

Despite the portasystemic shunt, long asymptomatic inter-
vals are possible; but serious sequelae have been reported, 
including hepatic encephalopathy, nodular hyperplasia, hepa-
tocellular adenoma, hepatocellular carcinoma, hepatoblas-
toma, and brain abscess.1

Treatment: Liver transplantation is the only definitive therapy.

Prognosis: Short-term prognosis depends on the associated 
cardiac or liver abnormalities. Long-term prognosis depends 
on the presence of hepatic dysfunction.
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21.14 cONGeNital left reNal VeiN aNOmalieS

(Circumaortic Left Renal Vein, Retroaortic Left Renal Vein)

Definition: Left renal vein that passes behind the aorta or is divided into two segments, one of which passes in front of the 
aorta and the other of which passes behind.

ICD9/ICD10: 747.49/Q26.8 Syndrome Associations (Appendix)
Laterality defects (ZIC3)

Birth prevalence: 1/30–1/1,000

Associated anomalies: cardiac, gastrointestinal

Laboratory studies: color Doppler sonography, MRI, CT

Prenatal diagnosis: unreliable

Cause: unknown

In 2 to 3 percent of individuals, the left renal vein runs poste-
rior to the aorta.1,2 In circumaortic renal collar, the renal vein 
has both an anterior component and an additional component 
that runs dorsal to the aorta and enters the inferior vena cava 
along with the anterior component. A circumaortic left renal 
vein forms as a failure in regression of the posterior arc of the 
embryologic intersupracardinal anastomosis. Regression of 
the embryological intersubcardinal anastomosis ventral arc 
combined with lack of regression of the intersupracardinal 
anastomosis results in a retroaortic renal vein.2

Compression and entrapment of the retroaortic renal 
vein between the lumbar vertebrae and the aorta can produce 
renal vein hypertension and hematuria and has been associ-
ated with the development of varicocele in males and post-
partum renal vein thrombosis in females.2 Retroaortic left 
renal vein occurs twice as commonly in females. Computed 
tomography (including multidetector), magnetic resonance 

imaging, Doppler sonography, and venography can detect 
this anomaly.

Treatment: Transection and re-anastomosis anterior to the 
aorta relieves compression.

Prognosis: The vast majority of retroaortic renal vein anom-
alies are asymptomatic. Anomalous renal vein anatomy can 
complicate the surgical course for donor nephrectomy and 
abdominal aortic aneurysm repair.1
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21.15 PateNt DuctuS VeNOSuS

Definition: Portosystemic venous shunt resulting from persistence of the ductus venosus.

ICD9/ICD10: 747.49/Q26.8 Syndrome Associations (Appendix)
Hyper-Immunoglobulin E (STAT3)
Trisomy 21

Birth prevalence: rare

Associated anomalies: cardiac, gastrointestinal

Laboratory studies: color Doppler sonography, MRI, CT, 
angiography

Prenatal diagnosis: not applicable

Cause: unknown

The ductus venosus is an embryonic structure that connects 
the umbilical vein to the inferior vena cava, allowing blood 
returning from the placenta to bypass the liver. It normally 
closes functionally within the first few minutes after birth and 
anatomically by three weeks of age. However, the ductus veno-
sus may remain patent if the intrahepatic portal venous system 
is poorly developed and there is increased vascular resis-
tance. As with congenital absence of the portal vein (CAPV), 
long asymptomatic periods are possible, but some children 
have presented with hypergalactosemia or encephalopathy.1 
Patent ductus venosus can cause hypoxia through intrapul-
monary vascular dilation (the hepatopulmonary syndrome) 

via an unknown mechanism. Two separate families with three 
affected brothers have been reported.

Treatment: Some patients can be managed with diet and others 
require banding, ligation, or coiling of the ductus venosus, Rarely, 
liver transplantation is necessary if cirrhosis has developed.

Prognosis: Usually treatment is curative if initiated before 
irreversible liver damage has occurred.
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21.16 Scimitar aNOmaly

(Congenital Pulmonary Venolobular Anomaly)

Definition: Partial or complete anomalous pulmonary venous return into the inferior vena cava (IVC).

ICD9/ICD10: 747.49/Q26.8 Syndrome Associations (Appendix)
Facio-auriculo-vertebral
Langer-Giedion (del 18q24.1)
Turner (45,X)
VACTERL

Birth prevalence: 1/30,000–1/100,000

Associated anomalies: cardiac, diaphragmatic hernia, 
trachea-esophageal fistula, renal agenesis

Laboratory studies: angiography, CT, echocardiography, 
magnetic resonance angiography

Prenatal diagnosis: standard ultrasonography unreliable, 
no biochemical markers, possibly by echocardiography 
with dedicated examination of fetal veins

Cause: chromosomal, microdeletions, unknown

Scimitar anomaly is defined by the presence of the scimitar 
vein, an anomalous pulmonary vein that derives its name 
from the resemblance on chest radiograph to a Turkish sword 
(though only 50  percent of patients will have this sign).1 In 
most cases, the scimitar vein joins the IVC below the level of 
the diaphragm, but in other variants the scimitar vein drains 

into the portal vein, superior vena cava, right atrium, or left 
atrium.2 It is almost always associated with hypoplasia of the 
right lung (with abnormal lung lobation), dextroposition of 
the heart, hypoplasia of the right pulmonary artery, pulmo-
nary sequestration (with infradiaphragmatic arterial sup-
ply), secundum atrial septal defect, eventration or hernia of 
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the right hemidiaphragm, and horseshoe lung (parenchymal 
connection between right and left lungs).1,3 The pathogenesis 
is likely a defect in the development of the lung bud during 
embryogenesis. There are rare familial cases of scimitar syn-
drome. There is an excess of females.3

Scimitar anomaly can present in infants with symptoms of 
congestive heart failure due to left-to-right shunt from anoma-
lous pulmonary venous drainage or can present in childhood, 
usually with recurrent infections in the sequestered lobe. In 
adulthood the diagnosis is often made incidentally.3,4 Infants 
have a high incidence of associated cardiac abnormalities.1,2 The 
right lung hypoplasia in adults is less prevalent and less severe.1

Treatment: Those presenting in infancy require surgical 
intervention. Those presenting in adulthood can often be man-
aged medically. Surgical options include resection of the right 
lung, embolization of arterial supply to the sequestered lobe, 

or redirection of the scimitar vein flow to the left atrium by a 
variety of approaches.1,3

Prognosis: Mortality in the infantile form ranges from 20 
to 60  percent.1 The main morbidity stems from pulmonary 
hypertension, which can be managed with medical therapy, 
occlusion of systemic collaterals, or surgical correction of the 
underlying defect(s).
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21.17 DeeP VeiN aBNOrmalitieS

(Aplasia/Hypoplasia of the Deep Venous System, Aplasia of Venous Valves)

Definition: Deficiency of the deep veins; complete lack of valves in all deep and superficial veins.

ICD9/ICD10: 747.89/Q28.8 Syndrome Associations (Appendix)
Klippel-Trenaunay-Weber

Birth prevalence: unknown

Associated anomalies: vascular malformations

Laboratory studies: venography, magnetic resonance 
venography

Prenatal diagnosis: none

Cause: unknown

Aplasia/hypoplasia of the deep veins includes deficiency of 
the iliac, femoral, popliteal, and axillary veins. Superficial 
veins must provide venous drainage from the limbs, and their 
ligation or excision is contraindicated.1 Clinical manifesta-
tions such as swelling and aching of the limbs, venous clau-
dication, cyanosis, and varicosities are generally mild unless 
thrombosis occurs. Both antegrade and retrograde phlebog-
raphy are most useful in confirming the diagnosis, although 
precisely documenting the extent of the defect can be very 
difficult.1 Deep vein anomalies (in addition to other vascu-
lar anomalies) occur in 20  percent to 50  percent of patients 
with Klippel-Trenaunay-Weber syndrome.2,3 Hypoplasia of the 
deep venous system of the lower limbs has been reported once 
in association with phakomatosis pigmentovascularis.4

In congenital aplasia of the venous valves, there is virtually 
complete lack of valves in all deep and superficial veins. There 
is evidence for autosomal dominant inheritance, and animal 
models have suggested molecular etiologies such as those 
related to gap junction (connexin) proteins.5-8 Affected indi-
viduals generally present in adolescence with orthostatic leg 

edema and dilation of superficial veins. The arms are less com-
monly symptomatic. Although varicose veins and leg swelling 
leading to significant disability are common, leg ulcers and 
claudication occur only rarely.

Treatment: Surgery on the incompetent superficial venous 
system can ameliorate some clinical findings, but surgical pro-
cedures are generally not helpful since patients have no com-
petent valves available for reconstruction.9 Acute thrombosis 
is treated with rest, elevation, and anticoagulation. Prevention 
of edema can be achieved by avoiding long periods of standing 
and use of compressive stockings.

Prognosis: While significant disability can result from deep 
vein anomalies, mortality is rare.
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22 | LYMPHATIC SYSTEM

STAVIT ALLON SHALEV*

iNtRODUctiON

The lymphatic vascular system is crucial for the regulation of 
tissue fluid homeostasis, immune function, and fat metabo-
lism by returning protein, cells, macromolecules, and fluid to 
the bloodstream and by removing metabolic byproducts, dying 
or mutant cells, microbes, and inorganic matter.1 In addition 
to draining and transporting fluid, the lymphatic vascular 
system also plays an important role in immune responses by 
transporting extravasated leukocytes, antigens, and activated 
antigen-presenting cells.2

Superficial and deep peripheral lymphatics are present in 
all tissues except the central nervous system, the bone marrow, 
the intralobular portion of the liver, the coats of the eye, the 
internal ear, and the placenta.3 The superficial lymphatics con-
sist of a valveless three-layered dermal network draining into a 
valved subdermal arcade.4 Both the dermal and the subdermal 
networks follow the course of the superficial veins. The deep 
lymphatics lie intramuscularly, beneath the deep fascia, and 
follow the course of the main arteries. Connections between 
the superficial and deep lymphatic systems occur in the supra-
trochlear, popliteal, and inguinal areas.5,6

Histologically, lymph vessels are composed of three lay-
ers:  the tunica intima, media, and adventia. Compared with 
blood capillaries, lymphatic capillaries are irregular and have a 
relatively wide lumen. They are lined by oak leaf–shaped lym-
phatic endothelial cells that contain overlapping endothelial 
flaps that function as primary valves (also called microvalves), 
making the lymphatic capillaries highly permeable and allowing 
intercellular diffusion of interstitial protein and lipids into the 
lymphatic circulation.7 The lymphatic vascular system is a uni-
directional transport system. Fluid, cells, and macromolecules 
that are present in the interstitial space first enter blind-ended 
lymphatic capillaries.2 Centrally directed flow of lymph begins 
in the intercellular spaces, which are continuous with lymph 
sinusoids, and subsequently drain into lymphatic capillar-
ies and from there into the afferent lymphatics. The lymph is 
then filtered through the phagocyte and endothelium-lined 
channels within the regional lymph nodes and then channeled 
through the efferent vessels into the lymphatic ducts.8

Abnormalities of the lymphatics, either due to gene muta-
tions or secondary to damage to the lymph vessels, are char-
acterized by edema, ectasia, tumor formation, and nodal 

dysfunction. Commonly two or more features are observed 
simultaneously or sequentially, and occasionally all occur 
together. Lymphedema is characterized by chronic tissue 
edema, impaired immunity, and accumulation of subcuta-
neous fat.2 The terms lymphangioma, lymphangiectasis, and 
lymphangiectasia imply dilation of lymphatic spaces. The dis-
tinction is arbitrary and loose, since histological features are 
similar. In this section the term lymphangiectasia is used when 
lymphatic vessel dilation is generalized, analogous to a vari-
cose vein; lymphangioma is used to describe localized spaces 
that vary in size from capillary dimensions to cysts several cen-
timeters in diameter.

Molecularly, lymphatic capillaries and collecting vessels 
differ from each other in their expression of lymphatic endo-
thelial markers such as lymphatic vessel hyaluronan receptor-1 
(LYVE-1), the Prospero-related homeobox transcription fac-
tor 1 (Prox1), the forkhead box transcription factor Foxc2, the 
chemokine CCL21, and vascular endothelial growth factor 
receptor -3 (VEGFR-3), which are all highly expressed in all 
lymphatic vessels during development but downregulated in 
mature collecting vessels.9-11 ERK signaling has emerged as a 
critical regulator of this transcriptional program.12 In adults, 
the expression of Prox1, Foxc2, and VEGFR-3 remains high 
in collecting vessel valves, with lower levels in the interspersed 
lymphangions. LYVE-1, on the other hand, is largely absent 
from the collecting vessels. After maturation, lymphatic cap-
illaries continue to express high levels of LYVE-1, Prox1, 
and VEGFR-3 plus the cell surface mucoprotein podoplanin, 
whereas Foxc2 is expressed mainly in collecting vessels.9,13

The vascular endothelial growth factors (VEGFs) and vas-
cular endothelial growth factor receptors (VEGFRs) have been 
shown to be essential regulators of vasculogenesis, angiogen-
esis, and lymphangiogenesis.14 The mammalian VEGF gene 
family comprises five members: VEGF (also called VEGF-A), 
VEGF-B, VEGF-C, VEGF-D, and placenta growth factor. 
The VEGFs mediate their signals via three receptor tyrosine 
kinases, VEGFR-1, VEGFR-2, and VEGFR-3. The signals 
from VEGFRs typically promote cell proliferation, migra-
tion, and survival.15 The main lymphangiogenic factor in both 
physiological and pathological settings is VEGF-C, which 
normally induces proliferation, migration, and survival of 
endothelial cells.16-18 Although VEGF-C and VEGF-D—acting 
through VEGFR-3 and, to some extent, VEGFR-2—are the 

* Acknowledgement is made to Judith E. Allanson who authored the chapter on the lymphatic system in the second edition of Human Malformations and Related 
Anomalies, on which this revision is based.
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key growth factors that can directly stimulate the lymphatic 
endothelium, other growth factors have been implicated in 
lymphangiogenesis.2

A number of genes have been recognized as causative for 
congenital conditions associated with lymphatic dysfunction. 
Early-onset congenital lymphedema, also called Milroy disease, 
an autosomal dominant condition, has been linked to muta-
tions in VEGFR3.19,20 VEGFR3 mutations in humans have been 
reported to cause lymphedema through profound functional 
failure of initial lymphatics resulting from hypoplasia or aplasia 
of the superficial lymphatic capillary network.21,22 Mutations in 
VEGFC were found to be causative for the Milroy disease–like 
phenotype, and mutations in the gap-junction-protein-gamma 
2 (GJC2, encoding connexin 47), a gene that is expressed in 
lymphatic endothelial cells, were found to cause autosomal 
dominant primary lymphedema type 1C.23,24

Lymphedema-distichiasis syndrome (LD), another auto-
somal dominant condition, is caused by mutations in the 
gene encoding FOXC2.25,26 Clinical investigation of LD has 
revealed lymph reflux in the lower limbs, suggesting pri-
mary valve failure in lymphatic vessels as an underlying 
cause of the lymphedema.27 Recessive and dominant forms 
of hypotrichosis-lymphedema-telangiectasia syndrome are  
caused by mutations in the SOX18 gene, which acts as a molecu-
lar switch to induce differentiation of lymphatic endothelial cells 
through direct activation of PROX1 transcription.28,29 Mutations 
in the collagen and calcium-binding EGF domain-containing 
protein 1 (CCBE1) gene cause autosomal recessive Hennekam 
lymphangiectasia-lymphedema syndrome, which is also asso-
ciated with intellectual disability and distinctive facial fea-
tures. Paired with functional analysis in a zebrafish model, the 
mutated CCBE1 gene was identified as causing primary gener-
alized lymph-vessel dysplasia in humans.30 The Kinesin fam-
ily member 11 (KIF11) gene—which functions during mitosis 
in microtubule crosslinking, antiparallel microtubule sliding, 
and bipolar spindle formation, and also mediates association 
of ribosomes with microtubules and increases translational 
efficiency—is associated with microcephaly with or without 
chorioretinopathy, lymphedema, or intellectual disability.31,32 
Haploinsufficiency of the GATA-binding protein 2 (GATA2) 
gene, a transcription factor that plays an essential role in gene 
regulation during vascular development and hematopoietic 
differentiation, underlies primary lymphedema and predis-
poses to acute myeloid leukemia in the autosomal dominant 
Emberger syndrome.33 In addition, abnormalities of the lym-
phatic system can occur as a feature in various syndromes such 
as lymphedema in Turner syndrome, Noonan syndrome and 
cholestasis-lymphedema syndrome, lymphangioleiomyoma-
tosis in tuberous sclerosis complex, lymphangioma in Proteus 
or Klippel-Trenaunay-Weber syndromes, and pulmonary lym-
phangiectasia in Noonan syndrome or autosomal trisomies.

REFERENCES

 1. Mayerson HS: On lymph and lymphatics. Circulation 28:839, 1963.
 2. Norrmén C, Tammela T, Petrova TV, et al.: Biological basis of therapeutic 

lymphangiogenesis. Circulation 123:1335, 2011.
 3. Bailey F: The circulatory system: the lymph vascular system. In: Textbook 

of Histology. Copenhaver WM, ed. Williams & Wilkins, Baltimore, 
1964, p 277.

 4. Crockett DJ:  Lymphatic anatomy and lymphoedema. Br J Plast Surg 
18:12, 1965.

 5. Thompson N:  The surgical treatment of chronic lymphoedema of the 
extremities. Surg Clin North Am 47:445, 1967.

 6. Malek P, Belan A, Kocandrle VL: The superficial and deep lymphatic system 
of the lower extremities and their mutual relationship under physiological 
and pathological conditions. J Cardiovasc Surg (Torino) 5:686, 1964.

 7. Trzewik J, Mallipattu SK, Artmann GM, et  al.:  Evidence for a sec-
ond valve system in lymphatics:  endothelial microvalves. FASEB J 
15:1711, 2001.

 8. Kobayashi MR, Miller TA: Lymphedema. Clin Plast Surg 14:303, 1987.
 9. Norrmén C, Ivanov KI, Cheng J, et al.: Foxc2 controls formation and mat-

uration of lymphatic collecting vessels through cooperation with NFATc1. 
J Cell Biol 185:439, 2009.

 10. Petrova TV, Karpanen T, Norrmen C, et al.: Defective valves and abnormal 
mural cell recruitment underlie lymphatic vascular failure in lymphedema 
distichiasis. Nat Med 10:974, 2004.

 11. Tammela T, Alitalo K:  Lymphangiogenesis:  molecular mechanisms and 
future promise. Cell 140:460, 2010.

 12. Yu P, Tung JK, Simons M: Lymphatic fate specification: An ERK-controlled 
transcriptional program. Microvasc Res 96:10, 2014.

 13. Breiteneder-Geleff S, Soleiman A, Kowalski H, et  al.:  Angiosarcomas 
express mixed endothelial phenotypes of blood and lymphatic capillar-
ies:  podoplanin as a specific marker for lymphatic endothelium. Am J 
Pathol 154:385, 1999.

 14. Lohela M, Bry M, Tammela T, et  al.:  VEGFs and receptors involved in 
angiogenesis versus lymphangiogenesis. Curr Opin Cell Biol 21:154, 2009.

 15. Olsson AK, Dimberg A, Kreuger J, et al.: VEGF receptor signaling: in con-
trol of vascular function. Nat Rev Mol Cell Biol 7:359, 2006.

 16. Karkkainen MJ, Haiko P, Sainio K, et al.: Vascular endothelial growth fac-
tor C is required for sprouting of the first lymphatic vessels from embry-
onic veins. Nat Immunol 5:74, 2004.

 17. Joukov V, Pajusola K, Kaipainen A, et  al.:  A novel vascular endothelial 
growth factor, VEGF-C, is a ligand for the Flt4 (VEGFR-3) and KDR 
(VEGFR-2) receptor tyrosine kinases. EMBO J 15:290, 1996.

 18. Tammela T, Petrova TV, Alitalo K:  Molecular lymphangiogenesis:  new 
players. Trends Cell Biol 15:434, 2005.

 19. Evans AL, Brice G, Sotirova V, et  al.:  Mapping of primary congenital 
lymphedema to the 5q35.3 region. Am J Hum Genet 64:547, 1999.

 20. Connell FC, Ostergaard P, Carver C, et al.: Analysis of the coding regions 
of VEGFR3 and VEGFC in Milroy disease and other primary lymphoede-
mas. Hum Genet 124:625, 2009.

 21. Bollinger A, Isenring G, Franzeck UK, et al.: Aplasia of superficial lym-
phatic capillaries in hereditary and connatal lymphedema (Milroy’s dis-
ease). Lymphology 16:27, 1983.

 22. Mellor RH, Hubert CE, Stanton AW, et  al.:  Lymphatic dysfunction, not 
aplasia, underlies Milroy disease. Microcirculation 17:281, 2010.

 23. Gordon K, Schulte D, Brice G, et  al.:  Mutation in vascular endothe-
lial growth factor-C, a ligand for vascular endothelial growth factor 
receptor-3, is associated with autosomal dominant Milroy-like primary 
lymphedema. Circ Res 112:956, 2013.

 24. Ferrell RE, Baty CJ, Kimak MA, et  al.:  GJC2 missense mutations cause 
human lymphedema. Am J Hum Genet 86:943, 2010.

 25. Fang J, Dagenais SL, Erickson RP, et al.: Mutations in FOXC2 (MFH-1), 
a forkhead family transcription factor, are responsible for the hereditary 
lymphedema-distichiasis syndrome. Am J Hum Genet 67:1382, 2000.

 26. Brice G, Mansour S, Bell R, et al.: Analysis of the phenotypic abnormalities 
in lymphoedema-distichiasis syndrome in 74 patients with FOXC2 muta-
tions or linkage to 16q24. J Med Genet 39:478, 2002.

 27. Connell F, Brice G, Mortimer P: Phenotypic characterization of primary 
lymphedema. Ann N Y Acad Sci 1131:140, 2008.

 28. Francois M, Caprini A, Hosking B, et al.: Sox18 induces development of 
the lymphatic vasculature in mice. Nature 456:643, 2008.

 29. Irrthum A, Devriendt K, Chitayat D, et  al.:  Mutations in the tran-
scription factor gene Sox18 underlie recessive and dominant forms 
of hypotrichosis-lymphedema-telangiectasia. Am J Hum Genet 
72:1470, 2003.

 30. Alders M, Hogan BM, Gjini E, et al.: Mutations in CCBE1 cause general-
ized lymph vessel dysplasia in humans. Nat Genet 41:1272, 2009.

 31. Bartoli KM, Jakovljevic J, Woolford JL Jr, et al.: Kinesin molecular motor 
Eg5 functions during polypeptide synthesis. Mol Biol Cell 22:3420, 2011.

 32. Ostergaard P, Simpson MA, Mendola A, et al.: Mutations in KIF11 cause 
autosomal-dominant microcephaly variably associated with congenital 
lymphedema and chorioretinopathy. Am J Hum Genet 90:356, 2012.

 33. Ostergaard P, Simpson MA, Connell FC, et al.: Mutations in GATA2 cause 
primary lymphedema associated with a predisposition to acute myeloid 
leukemia (Emberger syndrome). Nat Genet 43:929, 2011.



Ly m p h at i c   S y S t e m  |  633

22.1 LympheDema

(Primary Lymphedema, Congenital Lymphedema, Congenital Lymphatic Dysplasia)

Definition: An accumulation of lymph in the interstitial spaces, principally within subcutaneous fat, caused by a disturbance 
in equilibrium between the volume of lymph to be cleared and the transport capacity of the lymph vessels.

ICD9/ICD10: 757.0/Q 82.0 Syndrome Associations (Appendix)
Cerebellar hypoplasia-lymphedema-neuronal 
migration defect
Choanal atresia-lymphedema
Cholestasis-lymphedema
Ectodermal dysplasia-immunodeficiency- 
osteopetrosis-lymphedema
Hennekam lymphangiectasia-lymphedema (CCBE1, 
FAT4)
Hypotrichosis-lymphedema-telangiectasia
Lymphedema, hereditary, IA (FLT4)
Lymphedema, hereditary, IB
Lymphedema, hereditary, IC (CJC2)
Lymphedema, hereditary, II
Lymphedema-cardiac septal defects-characteristic facies
Lymphedema-distichiasis (FOXC2)
Microcephaly-chorioretinopathy-lymphedema- 
intellectual disability
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Oculodentodigital (GJA1)
PEHO
Primary lymphedema with myelodysplasia
Yellow nail

Birth prevalence: 1/6,000–1/10,000

Associated anomalies: capillary angioma vascular 
hemangioma, hyperkeratosis and papillomatosis over 
edematous areas, upturned toenails, recurrent skin 
infections, hydrops fetalis

Laboratory studies: isotope lymphography 
(lymphangioscintigraphy) has largely replaced 
conventional oil-contrast lymphangiography, noninvasive 
duplex-Doppler studies and occasionally phlebography, 
magnetic resonance imaging, computed tomography, 
ultrasonography (consensus), genomic microarray, gene 
sequencing

Prenatal diagnosis: ultrasonography if hydrops fetalis is 
present

Cause: chromosomal, Mendelian (AD, AR, XL), 
microdeletions, multifactorial

Congenital lymphedema as a group is characterized by variable 
expression and severity and historically has been classified into 
three groups depending on the age of onset: congenital (before 
age two), praecox (between ages two and 25, but most typi-
cally of pubertal onset) and tarda (after age 35).1 Congenital 
expression occurs in 11 to 25  percent of cases; lymphedema 
praecox is the most common, found in 60 percent to 80 per-
cent, Lymphedema tarda is found in 12 to 14  percent of 
cases.2-4 Lymphatic aplasia/hypoplasia accounts for 90 percent 
of cases, with hyperplasia in 7  percent and megalymphat-
ics in 3 percent of pathologic/lymphangiographic series.1,2 In 
hereditary lymphedema IA (also known as Milroy disease) the 
onset is usually at birth, but later onset may occur; whereas in 
hereditary lymphedema type IC, onset is in the first or second 
decades and females tend to have earlier onset.5 This type may 
be associated with reduced penetrance.

Ninety percent of primary lymphedema affects the lower 
limbs (Fig 22.1.1).2-4 In the upper limb, primary lymphedema 
is less common, congenital in onset, and severe. Lymphedema 
of the head and neck is conspicuous and disfiguring, and onset 
at menarche is common. In 50  percent of primary genital 
lymphedema there is concomitant lymphedema of the lower 

limb; this type is most frequently found in males.2 Onset is 
generally in adolescence or early adulthood.

Congenital lymphatic dysplasia may present as idiopathic 
hydrops fetalis.6,7 Lymphatic malformations are a common 
type of congenital vascular malformation, and they can be 
combined with other vascular malformations such as venous/
arteriovenous and/or capillary malformations.1 In syndromal 
cases, associated anomalies are largely determined by the spe-
cific genetic cause. Generally the syndromes may be associated 
with more extensive edema, chylous ascites, pleural effusions, 
or specific related lymphatic growth disturbances such as cys-
tic hygroma, lymphangiomas, or fetal hydrops and even fetal 
demise.7,8 Other features represent natural history or common 
complications as noted below under prognosis.

The overall sex ratio is three females to one male. This 
may reflect the hormonal influence in females at menarche, 
during pregnancy or menopause, plus the fact that subcu-
taneous tissue pressure is approximately 7  mm Hg greater 
in males, which may be enough to prevent lymphedema 
in some cases. Proximal hypoplasia is equally frequent in 
males and females, with a positive family history in 10  per-
cent of cases. Distal hypoplasia appears almost exclusively in 
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females, with a positive family history in 22 to 46 percent of 
cases. Combination proximal-distal hypoplasia is more com-
mon in women. Bilateral hyperplasia, with abnormalities of 
the thoracic duct, occurs twice as often in men as in women. 
Unilateral megalymphatics are more common in males and are 
never familial.2

Treatment: Therapy is divided into conservative (nonop-
erative) and operative methods. The overwhelming majority 
of patients with lymphedema can be satisfactorily managed 
nonoperatively. Medical management is commonly divided 
into two separate categories, mechanical and pharmacologic, 
both of which are aimed at controlling the accumulation 
of protein-rich edema, reducing the incidence of infection, 
and stopping the development of verrucous growths and 
hyperkeratotic skin.

Conservative treatment includes meticulous skin hygiene 
and care, physical therapy including light manual massage, 
range of motion exercises, external limb compression (inter-
mittent pneumatic compression), limb elevation, and ther-
mal therapy. Drug therapy should be considered in specific 
medical conditions (such as diuretics for reducing limb vol-
ume by hemoconcentration, or antimicrobials for treatment 
of lymphangitis). Surgical intervention cannot provide a cure. 
Indications for surgery include functional impairment related 
to the progressive enlargement of the limb, recurrent episodes 
of infection, and cosmetic concerns. Physiologic procedures 
attempt to improve the lymphatic drainage by microvascu-
lar techniques such as reconstructive methods that involve 

autologous lymph vessel transplantation, which has shown 
long-term patencies of more than 10 years. Derivative methods 
involving lymphatic-venous and lymph-nodal-venous shunts 
have proved long-term patency and improved lymphatic trans-
port. The simplest operation is “debulking”—removal of excess 
skin and subcutaneous tissue of the lymphedematous limb. 
Despite ongoing basic research and clinical trials, molecular 
treatment (e.g., administration of VEGF-C by various meth-
ods) has not yet been significantly translated to the clinic.1,9

Prognosis: In approximately 50 percent of patients an equi-
librium point is reached after several years of increased swell-
ing, and, irrespective of treatment measures, swelling remains 
stable.2,10 In others there is a slow, constant, inexorable pro-
gression. Once the lymphatic system is unable to drain the 
interstitium adequately, metabolic byproducts accumulate. 
Inflammatory changes lead to fibrosis, which results in obstruc-
tion and dilation of the lymphatic vessels and valvar incompe-
tence.11 The initial stages are reversible. Long-term inexorable 
progression produces fibrokeratotic skin, verrucous growths, 
and, rarely, malignant angioendothelioma. One of the primary 
complications of lymphedema is infection, which occurs in 
one-third of cases.10 Twenty-five percent of cases have recur-
rent lymphangitis, which is particularly common in proximal 
hypoplastic lymphatic dysplasia.12
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Fig. 22.1.1 Bilateral lymphedema affecting the legs and feet in a 3-week-old 
infant. His maternal aunt was similarly affected, and the lymphedema was still 
present at age 30 years. The mother had no evidence of lymphedema but was 
presumed to have the gene for this condition.



Ly m p h at i c   S y S t e m  |  635

22.2 iNteStiNaL LymphaNGiectaSia

Definition: Dilation of the lymphatic channels in the mucosa, serosa, and mesentery of the small bowel.

ICD9/ICD10: 579.8/I89.0 Syndrome Associations (Appendix)
Aplasia cutis congenita
Ataxia-telangiectasia (ATM)
Behcet disease
Graves disease
Hennekam lymphangiectasia-lymphedema (CCBE1, 
FAT4)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Turner (45,X)

Birth prevalence: very rare

Associated anomalies: malabsorption, edema, 
immunodeficiency

Laboratory studies: biochemical study of blood, imaging 
of the gastrointestinal tract, lymphography, microscopic 
examination, chromosome analysis, gene sequencing

Prenatal diagnosis: possibly using ultrasonography

Cause: sporadic, Mendelian (AD, AR)

Intestinal lymphangiectasia may affect the entire small bowel 
or be confined to a small segment.1-2 At the onset, two-thirds 
of patients have a few gastrointestinal symptoms; however, the 
majority develop diarrhea and gastrointestinal protein loss 
with or without steatorrhea at some time during the course of 
the disease.3 In the majority of patients, protein loss leads to 
severe symmetric or asymmetric edema of body parts. These 
effusions are chylous in 30 to 50 percent of cases. There is also 
considerable enteric loss of lymphocytes and immunoglobu-
lins G, A, and M, leading to both humoral and cellular immune 
deficiency state with an increased susceptibility to infection.4,5 
A more marked deficiency of the cellular immune system, as 
assessed by intradermal delayed hypersensitivity skin tests or 
skin allograft survival, is characteristically seen. There is a high 
incidence of stillbirths.4

Intestinal lymphangiectasia is often part of a generalized 
dysplasia of the lymphatic system leading to concomitant 
chylous effusions and lymphedema together with evidence 
of abnormal peripheral and retroperitoneal lymphatics, cis-
terna chyli, and thoracic duct.3 Most patients with intestinal 
lymphangiectasia develop symptoms in childhood or early 
adulthood. One-third have the onset of symptoms before age 
10 years.

Treatment: Treatment of intestinal lymphangiectasia is dif-
ficult and often unsatisfactory. The goal is to maintain plasma 
protein level and thus circulating blood volume, and to inhibit 
excessive extravascular retention by reducing enteric loss of 
protein. Symptomatic relief may be obtained by intravenous 
albumin, diuretics, and low-fat diet. Medium chain triglyc-
erides, which are absorbed into the portal vein rather than 

through the lymphatics of the bowel, may be of value since 
reduced fat absorption causes a reduction in intestinal lymph 
flow.5 In refractory cases, treatment with a long-acting soma-
tostatin analog has shown promise, although the mechanism 
of action is unclear.6 Somatostatin may decrease protein loss, 
reduce intestinal blood flow, inhibit triglyceride resorption, 
and reduce lymph flow. It may directly affect lymphatic ves-
sels or have an effect outside the gut. There may be a subset 
of patients who have increased tissue or plasma fibrinolytic 
activity, which may cause gastrointestinal bleeding from dif-
fuse areas of hyperfibrinolysis, and who may respond to anti-
plasmin therapy.7 Surgical resection of a localized segment of 
intestine may be successful, and lymphaticovenous anastomo-
sis is occasionally used.8
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22.3 cyStic ReNaL LymphaNGiectaSia

(Renal Lymphangiomatosis, Renal Lymphangioma, Renal Peripelvic Multicystic Lymphangiectasia)

Definition: Dilated endothelial-lined spaces in the kidney, primarily in the cortex with sparing of the medulla. Glomeruli and 
tubules are generally normal in appearance.

ICD9/ICD10: 753.1/I89.0 Syndrome Associations (Appendix)
None

Birth prevalence: very rare, <50 reported cases

Associated anomalies: rare

Laboratory studies: ultrasonography, computed 
tomography, MRI, renal biopsy

Prenatal diagnosis: unknown

Cause: unknown

Renal lymphangiectasia is a rare benign disease, which is usu-
ally asymptomatic. The majority of affected individuals are 
diagnosed early in life during evaluation of a renal mass. Age at 
diagnosis has ranged from newborn to adulthood.1-4 Symptoms 
prompting evaluation have included abdominal mass or dis-
tension, abdominal/flank pain, hypertension, pleural effusion, 
ascites, hematuria, proteinuria, nephromegaly, pyelonephri-
tis, and renal insufficiency.2,3 This disorder is localized to the 
renal cortex and rarely demonstrates extrarenal involvement.2 
Nearly 50 cases have been reported. It is usually bilateral and 
unrelated to age or gender.3,5,6

Treatment is not required for majority of the cases. In 
terms of management, there are no clear guidelines as to when 
conservative management, such as antihypertensives or percu-
taneous drainage or surgery including unilateral nephrectomy 
should be used. It seems, however, that marsupialization is pre-
ferred. Sclerotherapy is a promising treatment.6-8

Renal lymphangiectasia rarely regresses spontaneously.9 
Renal function is usually preserved, and the condition may 
be self-limiting.3 However, exacerbation of the condition has 
been reported, and other complications include renal vein 

thrombosis, hypertension, proteinuria, hematuria, and hem-
orrhage into lymphatic cysts.2-4
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22.4 GeNeRaLiZeD Lymphatic DySpLaSia

Definition: Aplasia or dysplasia of the thoracic duct resulting in any combination of lymphedema, chylous effusions of the 
pleural and pericardial spaces, ascites, and visceral lymphangiectasia.

ICD9/ICD10: 457.1/I89.0 Syndrome Associations (Appendix)
Hennekam lymphangiectasia-lymphedema (CCBE1, 
FAT4)
Chromosomal aberrations

Birth prevalence: very rare

Associated anomalies: rare

Laboratory studies: lymphoscintigraphy, histopathology

Prenatal diagnosis: ultrasonography reliable

Cause: chromosomal, Mendelian (AR), multifactorial
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There are few reports of documented generalized lymphatic 
dysplasia in the literature, often presenting in utero with 
hydrops fetalis.1-3 Lymphatic dilation is widespread, producing 
lymphedema of limbs, face, and genitalia; ascites or chylous 
effusions of the pericardial, pleural, and peritoneal spaces; and 
lymphangiectasia of the lungs, intestines, and other organs. 
Manifestations are usually present at birth but may develop 
later.4

Conservative treatment consisting of a high-protein 
medium-chain triglyceride diet with vitamin supplements 
should be started, with aspiration of effusions during the first 
two weeks. If no improvement is seen, total parenteral nutri-
tion should be instituted with no oral feedings, accompanied 
by repeated aspirations of the effusions. Surgery, with blind 
ligation of the thoracic duct and pleural decortication, must be 
considered a last resort.1

Although most individuals with generalized lymphatic 
dysplasia die in early life, or the condition of the survivors 
worsens after the initial diagnosis, a less severe dysplasia has 
been described.4
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22.5 pULmONaRy LymphaNGiectaSia

(Lymphangiomatosis Pulmonary, Pulmonary Cystic Lymphangiectasis)

Definition: Congenital dilation of the superficial lymphatics of the pleura and septa and of the intrapulmonary lymphatics in 
the peribronchial and perivascular adventitia.

ICD9/ICD10: 748.8/Q34.8 Syndrome Associations (Appendix)
Cystic fibrosis (CFTR)
Ehlers-Danlos (COL3A1, COL1A2)
Hennekam (CCBE1, FAT4)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Turner (45,X)
Autosomal trisomies

Birth prevalence: very rare

Associated anomalies: congenital heart defects, edema, 
chylothorax

Laboratory studies: X-rays, lung biopsy

Prenatal diagnosis: ultrasonography might identify

Cause: chromosomal, Mendelian (AD, AR), sporadic

The majority of affected individuals are stillborn or die 
within the first 24 hours of life.1 Liveborn individuals typi-
cally develop acute respiratory distress with tachypnea, cya-
nosis, subcostal retraction, and prolonged expiration very 
soon after birth.2 Survivors present frequent upper airway 
infections with simultaneously increasing edema of the arms 
and face, and normal neurologic development.3 Delayed 
onset may be accompanied by signs of congestive cardiac 
failure.4

Between one-third and one-half of all cases are associated 
with congenital heart defects, particularly total anomalous 
pulmonary venous drainage, hypoplastic left heart syndrome, 
and premature closure of the foramen ovale.4-6 Pulmonary 
lymphangiectasia is often complicated by chylous pleural effu-
sions with ensuing pulmonary hypoplasia.7 Other associated 
findings include subcutaneous edema, ascites, hydrothorax, 
and pleural effusions.3

Over 100 cases have been described.6 No particular racial 
or ethnic predilection is apparent, but there is a fairly striking 
sex discrepancy with a male:female ratio of 2:1.4,8,9

Treatment: High concentrations of oxygen do not provide 
relief. Lobar pulmonary lymphangiectasia is cured by resec-
tion of the affected lobe(s).10 In the majority, treatment is 
merely palliative with digoxin and diuretics given for conges-
tive cardiac failure.

Prognosis: Prognosis is usually poor, with less than 
one-quarter of patients surviving the first week.4,7 Those who 
survive the newborn period often suffer attacks of chronic 
respiratory distress precipitated by respiratory infections, 
including recurrent pneumonia, with wheezing and coughing. 
The signs and symptoms mimic chronic asthma.11
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22.6 fetaL cyStic hyGROma

(Septated Cystic Hygroma, First Trimester Cystic Hygroma)

Definition: Bilateral, thin-walled, unilocular or multilocular, asymmetric or symmetric fluid-filled cavities in the posterior 
aspect of the fetal neck.

ICD9/ICD10: 655.80, 228.1/D18.1 Syndrome Associations (Appendix)
Achondrogenesis type II (COL2A1)
Campomelic dysplasia (SOX9)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Distichiasis-lymphedema (FOXC2)
Holoprosencephaly (SIX3, SHH, TGIF, PTCH1, FGF8, 
ZIC2, GLI2, TDGF1, FAST1, CDON)
Multiple pterygia (CHRNG)
Noonan (PTPN11, BRAF, KRAS, MAP2K1, NRAS, 
RAF1, RIT1, SHOC2, SOS1)
Oculodentodigital (GJA1)
Roberts (ESCO2)
Thrombocytopenia-absent radius (RBM8A, del 1q21.1)
Turner (45,X)
Autosomal trisomies
Other chromosomal aberrations
Prenatal alcohol, aminopterin, trimethadione exposure

Birth prevalence: 1/285 of first trimester fetuses

Associated anomalies: abnormalities of the major lymph 
trunks, generalized hydrops, cardiac anomalies

Laboratory studies: chromosomal analysis, genomic 
microarray, gene sequencing

Prenatal diagnosis: ultrasonography reliable

Cause: chromosomal, Mendelian (AD, AR, XL), 
multifactorial, environmental

Fetal cystic hygroma is characterized by cavities that are subdi-
vided into a variable number of compartments by incomplete 
septa.1-3 They are lined by smooth endothelium and contain 
turbid light brown fluid. The cavities may extend posteriorly 
from the upper part of the occipital bone to the level of the sev-
enth cervical vertebra or scapular area, medially to beneath the 
sternocleidomastoid muscle, and rarely into the axilla or ante-
rior chest wall (Fig. 22.6.1).4 They are found superficial to the 
musculature of the neck, with a deep connection to the prox-
imal part of the internal jugular vein. The cavity walls often 
contain dilated lymphatic vessels.5,6 Sonographically, they are 
defined as an enlarged hypoechoic space in which septations 
are clearly visible at the back of the fetal neck and extending 
along the back (Fig. 22.6.2).2

Fetal cystic hygromas are frequently reported in associa-
tion with abnormalities of the major lymph trunks. Aplasia, 
hypoplasia, or dilation of the lymphatic channels leads to 
peripheral edema and pleural, pericardial, and peritoneal effu-
sions.1,6 Generalized hydrops accompanies 50 to 90  percent 

Fig. 22.6.1 Schematic of the lymphatic system in a normal fetus (left) with 
a patent connection between the jugular lymphatic sac and the internal 
jugular vein; cystic hygroma and hydrops (right) from failed lymphaticovenous 
connection. (Reprinted with permission from Chervenak FA, et al.3)
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of fetal cystic hygroma cases.1-4,7 Chromosomal abnormali-
ties are found in approximately 50 percent, including Turner 
syndrome, autosomal trisomies, and others and are associated 
with the condition-specific structural defects (Fig. 22.6.3).2,8 
Among fetuses with normal karyotypes, almost 30  percent 
have major congenital anomalies. Cardiac abnormalities 
are the most common, followed by urinary, central nervous 

system, body wall defects, and skeletal abnormalities.2,8 Fetal 
loss and monogenic syndromes have also been associated with 
fetal cystic hygroma.

Fetal cystic hygroma is found in 1/285 first trimester preg-
nancies and accounts for between 1 and 5 percent of malfor-
mations diagnosed before 26 weeks gestation.2.5.9 A  study of 
spontaneously aborted fetuses has documented fetal cystic 
hygroma in 1/875. The incidence increased to 1/200 in fetuses 
over 3 cm crown-rump length.10 There does not appear to be 
any ethnic or racial predisposition; patients with fetal cystic 
hygroma in pregnancy were found to be older, which is logical 
given the frequency of chromosomal etiologies.2 More females 
than males are ascertained because of the frequent association 
with Turner syndrome. Spontaneous resolution during fetal 
life has been noted in Noonan syndrome.11

Treatment: The prenatal diagnosis of cystic hygroma poses 
a serious dilemma for pregnancy management and family 
counseling. The diagnosis of fetal cystic hygroma should be 
sonographically confirmed and distinguished from other cra-
niocervical masses. A detailed search for other malformations, 
intrauterine growth retardation, and generalized hydrops 
should be combined with an estimate of the extent of the fetal 
cystic hygroma. Fetal chromosomal studies and assessment 
for other malformations are essential to help guide medical 
decisions. Optimal care requires a multidisciplinary approach. 
When termination of pregnancy or fetal demise occurs, 
autopsy can aid in the differential diagnosis, which may have 
relevance for future reproductive decisions. The fetal cystic 
hygroma must be confirmed histologically and differentiated 
from other conditions.1,2,5,7

Prognosis: The natural history of fetal cystic hygroma 
depends largely on its cause, but it is generally associated with 

Fig. 22.6.2 Transverse sonogram showing a fetal cystic hygroma with 
characteristic midline septum. The cystic hygroma is slightly larger than 
the fetal head. P: placenta, CH: cystic hygroma, S: septum, FH: fetal head. 
(Reprinted with permission from Chervenak FA, et al.3)

Fig. 22.6.3 Large fetal cystic hygroma in an 18-week fetus with Turner syndrome. (Courtesy of Dr. Will Blackburn, Fairhope, AL.)
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poor prognosis.12 About two-thirds of all cases are diagnosed 
with either chromosomal or major structural fetal abnormali-
ties. Together with spontaneous fetal demise and perinatal fetal 
loss rates, abnormal outcome is present in about 80 percent to 
90 percent of these pregnancies.2,8 Many of the pregnancies are 
electively terminated.9 Some refer to cystic hygroma in later 
gestation, which likely represents a lymphangioma that is not 
associated with either aneuploidy or other fetal malformations 
and can be expected to yield a good prognosis after surgical 
correction.
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22.7 LymphaNGiOma

(Lymphangioendothelioma, Cystic Hygroma, Lymphangioma Circumscriptum)

Definition: Tumor which contains lymph in endothelial-lined spaces.

ICD9/ICD10: 228.1/D18.1 Syndrome Associations (AppendixI)
Acrocephalopolydactylous dysplasia
Klippel-Trenaunay-Weber
Metaphyseal enchondromatosis with 
D-2-hydroxyglutaric aciduria
Proteus (AKT1)
Turner syndrome (45,X)
Autosomal trisomies

Birth prevalence: rare

Associated anomalies: rare

Laboratory studies: ultrasonography and CT

Prenatal diagnosis: ultrasonography in some cases

Cause: chromosomal, somatic mutations, multifactorial

Lymphangiomas vary in size from channels of capillary dimen-
sions to cysts several centimeters in diameter and they can be 
classified into capillary, cavernous, or cystic. Capillary classic 
lesions are usually present at birth or soon thereafter but may 
appear in adulthood. The affected area may be quite extensive 
and most frequently involves the proximal limbs, notably the 
upper arm, axilla, and adjacent chest wall. Although usually 
asymptomatic, minor bleeding and infection can occur. In 
contrast, a localized lesion may become apparent at any age 
without a particular anatomic predilection. Mucous mem-
branes may be involved, and symptoms are uncommon.1

Cavernous lesions may be single or multiple and can be 
found in any area of the body, although they typically occur 
in the tongue, mouth, parotid gland, and larynx. Patients most 
commonly present with a painless mass that has gradually 
enlarged. Symptoms result from mass effects as well as from 
local tissue invasion. The tongue may be the single most com-
mon anatomic site affected.1

Cystic lesions are the most common of the lymphangio-
mas. From 75 percent to 90 percent are found in the neck, 

and about 20 percent are located in the axilla (Fig. 22.7.1).1 
Cystic lymphangiomas usually present as a painless mass, 
often associated with marked distortion of the tissues.2 
Other clinical features depend on the size and location of 
the lymphangioma. While a number of these malforma-
tions have been described in adults, between 50 percent and 
65  percent are present at birth and 80  percent to 90  per-
cent are detected before the end of the second year of life.3-7 
Lymphangioma is a rare tumor and accounts for only 6 per-
cent of benign tumors in childhood.6,8 The sexes are affected 
equally.

Treatment: The goals of treatment are eradication of the 
lesion with complete healing, absence of morbidity and mor-
tality, and good aesthetic result. Surgical excision seems to be 
the most reliable form of therapy, but recommended age for 
treatments remains controversial.9 Medical treatment dur-
ing episodes of infection is essential, and corticosteroids are 
recommended in addition to antibiotics to reduce edema in 
inflamed lymphangioma tissue. Capillary lymphangiomas are 
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also amenable to electrodessication and cryotherapy, although 
the results of these alternative treatment modes may not com-
pare well with those of surgery.1,10 A variety of other modalities 
have been reported, including marsupialization, injection of 
sclerosing agents, steroids, diathermy, laser, and radiotherapy, 
with variable success.11,12

Prognosis: Lymphangiomas may spontaneously involute 
either completely or partially. The exact percentage of lymph-
angiomas that involute is not yet known, because many of these 
benign lesions are operated on early in life.13 Non-involuting 
lymphangiomas may grow slowly, at the same rate, or at a 
greater rate than the child’s growth. Lymphangiomas of the 
head and neck region can enlarge over a period of a few hours 
in conjunction with an upper respiratory tract infection and 
then will recede over a period of months to approximately 
their original size.13
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Fig. 22.7.1 Lymphangioma. A: Newborn infant with a giant beardlike lymphangioma causing respiratory distress. B: Cystic lymphangioma of the axilla in a 2-week-
old male infant. C: Cystic Large lymphangioma of the left side of the neck in a 3-day-old infant. D: Small lymphangioma of left supraclavicular area in a 3-year-old 
girl. E: Lymphangioma of anterior neck in a 6-year-old male. (A: Reprinted with permission from Seashore JH, et al., Am J Surg 149:459, 1985. B-E: Courtesy of 
Dr. Charles I. Scott Jr, A. I. duPont Institute, Wilmington, DE.)
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22.8 LymphaNGiOLeiOmyOmatOSiS

(LAM, Lymphangiomyoma, Lymphangiomyomatosis)

Definition: Benign and often multicentric tumor-like malformation or hamartoma involving the major lymphatic trunks of 
the mediastinum and retroperitoneum, the lymph nodes, and pulmonary lymphatics.

ICD9/ICD10: 516.4/J84.81 Syndrome Associations (Appendix)
Tuberous sclerosis (TSC1, TSC2)

Birth prevalence: very rare

Associated anomalies: renal angiomyolipomas

Laboratory studies: chest x-ray, pulmonary function 
testing, lymphangiography, CT, MRI, radioisotope studies, 
needle biopsy of the lung, gene sequencing

Prenatal diagnosis: no biochemical markers, no reliable 
imaging tests

Cause: Mendelian (AD), somatic mutations

In two-thirds of cases of lymphangioleiomyomatosis (LAM) 
the lymphatics of the lungs are affected, causing the princi-
pal features:  progressively worsening dyspnea and cyanosis, 
often followed by chylothorax.1 Pulmonary venule obstruction 
causes intrapulmonary hemorrhage, pulmonary siderosis, and 
hemoptysis. Bronchiolar obstruction results in hyperinflation, 
air trapping, and formation of cysts and bullae leading to spon-
taneous pneumothorax in 40 percent of cases. Abdominal signs 
and symptoms include retroperitoneal mass, abdominal pain, 
swelling, and associated weight loss. Depending on the site(s) 
of lymphatic vessel involvement, there may also be chylous asci-
tes, chylopericardium, chyluria, or lymphedema of the limbs.2 
The average age at onset of symptoms, which include shortness 
of breath (67  percent), lung collapse (25  percent), coughing 
(12 percent), and chest pain (10 percent), is 33 years.3,4

Lymphangioleiomyomatosis can occur in association with 
tuberous sclerosis complex due to mutations in the TSC1 or 
TSC2 genes. Sporadic LAM typically results from two somatic 
mutations in the TSC2 gene, although a fraction of sporadic 
LAM is caused by germline mutations in the TSC1 gene.5 
Renal angiomyolipomas occur in about half of the individuals 
with lymphangioleiomyomatosis and 70 percent of individuals 
with tuberous sclerosis.5

More than 300 cases have been described, and it is esti-
mated that the worldwide occurrence is more than 100 new 
cases per year. Lymphangioleiomyomatosis appears to present 
almost exclusively in women of reproductive age.6,7

Treatment: Surgery, with excision of the lesion in combi-
nation with ligation of the thoracic duct or lymphatic chain, 

and postoperative radiotherapy have been successful modes 
of treatment.1 Pleurectomy and pleurodesis by installation of 
sclerosing agents into the pleural cavity have been used when 
thoracentesis and/or diuretics have failed to limit the forma-
tion of chylous effusions. Peritoneal-jugular shunt has been 
performed, and low-fat diet has been used.2,8 Oophorectomy, 
progestational agents, hormonal manipulation, and antiestro-
genic compounds have been successful in some cases. Lung 
transplantation is the only effective therapy for patients with 
end-stage disease.9

Prognosis: Most patients have a slowly declining clinical 
course.9 This is exclusively a disease of women of reproduc-
tive age, and the onset or exacerbation of symptoms may be 
coincident with pregnancy.10 Cases with predominantly respi-
ratory symptoms usually have a poor prognosis. Abdominal 
symptoms herald a more favorable course. The best outcome 
appears to occur with caudal involvement of the lumbar 
trunks and isolated peripheral lymphedema. Several large 
cohorts have been reported with survival up to 27 years, with 
an average of nine years.1.3.11 Patients usually succumb to 
metabolic disturbance secondary to continuing loss of fluid, 
lipids, and protein in the chylous fluid leading to cachexia, 
hypotension, and renal failure or to severe progressive dys-
pnea with recurrent chylous effusions leading to respiratory 
insufficiency.
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23 | SPLEEN

ARTHUR S. AYLSWORTH

InTRODUCTIOn

This largest solid organ of the lymphatic system covertly car-
ries out numerous functions that are essential for the body’s 
defenses against infection, inflammation, and injury.1-3 It pro-
duces red blood cells during fetal life, but not after birth. The 
spleen produces lymphocytes, immunoglobulins, and other 
immune mediators and initiates the initial antibody response 
to circulating antigens. It stores and releases monocytes, plate-
lets, and clotting factors to sites of injury and removes parasites 
and abnormal, damaged, or senescent erythrocytes from the 
circulation.

Some malformations of the spleen—accessory spleen and 
notched/lobulated spleen—are common and of little clinical 
importance.4 Other malformations—splenogonadal fusion, 
polysplenia, wandering spleen—are rare but more likely to be 
of clinical significance and associated with other anomalies.

A N AT O M I C A L  E M B RY O L O G Y

Initially at the end of the fourth week, the gut tube is sus-
pended from the dorsal body wall by a mesentery that extends 
from the lower end of the esophagus to the end of the hindgut. 
As the parts of the gut develop, this mesentery becomes segre-
gated into different regions. The part that attaches to the stom-
ach forms the dorsal mesogastrium, and it is in this mesentery 
that the spleen develops as a proliferation of mesoderm tissue. 
As the spleen forms, the stomach rotates causing the splenic 
portion of the dorsal mesogastrium to move to the left side. 
Signals directing this movement to the left are established early 

in development, prior to gastrulation, and the spleen serves as 
a marker for laterality.

M O L E C U L A R  E M B RY O L O G Y

The transcription factors Pbx1, Tlx1, Nkx3.2, Nkx2.5, and 
Tcf21 are all expressed in mesodermal splenic progenitor 
cells and are required for spleen formation.5 PBX1, a TALE 
(three-amino-acid-loop-extension) homeoprotein, regulates 
the expression of both Tlx1 and Nkx2.5. Tlx1 expression is 
needed for the initial specification of splenic precursor cells, 
while Tcf21 expression is essential for continued growth of 
the organ.6 Observations in mice and one patient suggest 
that the steroidogenic factor 1 (SF-1) transcription factor 
involved in sexual differentiation is also important in splenic 
development.7
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23.1 aSplenIa, COnGenITal, nOnSYnDROmal

(Isolated Congenital Asplenia/Hyposplenia, Familial Asplenia/Hyposplenia)

Definition: Isolated congenital absence or hypoplasia of the spleen, without other visceral malformation or heterotaxy.

ICD9/ICD10: 759.0/Q89.01 Syndrome Associations (Appendix)
None

Birth prevalence: 1/2,000,000

Associated anomalies: none

Laboratory studies: Heinz bodies or Howell-Jolly bodies 
on peripheral blood smear

Prenatal diagnosis: not reported

Cause: heterozygous mutations in RPSA

Individuals with isolated congenital asplenia (ICA) usually 
present in infancy with recurrent, invasive bacterial infec-
tions that progress to fulminant septicemia and death. Rarely, 
asymptomatic older sibs and parents have been observed with 
apparent ICA. Streptococcus pneumoniae is the organism that 
causes the majority of serious infections, although affected 
individuals may have a variety of other bacterial infections 
as well.1

ICA represents a rare type of immunodeficiency, being 
reported in only 73 patients from 48 kindreds as of 2013.2 The 
birth prevalence in France over a period of 50  years is esti-
mated to be 0.51 per million births.3 These authors also cal-
culated that cases of ICA constituted approximately 1.38 per 
1,000 cases of invasive pneumococcal disease. Familial cases 
appear to be inherited in an autosomal dominant manner with 
no evidence of a skewed gender ratio. Bolze and colleagues 
studied 23 kindreds with ICA and identified rare nonsynony-
mous variants in the coding region of RPSA in eight.2 Sanger 
sequencing confirmed seven mutations in the eight kindreds, 
affecting 18 of the 33 patients tested.

Treatment: Newly diagnosed infants with ICA who have 
not received the routine pneumococcal vaccine with the 
13-valent pneumococcal conjugate vaccine (PCV13) should 
be immunized immediately with the recommended primary 
series of four doses. Unimmunized children between ages 12 
and 24 months should receive two doses of the PCV13 at least 
eight weeks apart.4 Then at age 24 months, affected children 
should receive the 23-valent polysaccharide vaccine (PPSV23) 
with a second dose of PPS five years after the first dose.5 In 

addition, attention should be given to making sure that other 
vaccines, including Hib and N. meningitides, have been given. 
Antibiotic prophylaxis is also recommended at least for the 
first five years, although opinions differ about the optimal regi-
men and duration.4

Prognosis: There seems to be good evidence that pneumo-
coccal vaccination significantly lowers the risk of infants in the 
general population being hospitalized for sinusitis; hospitaliza-
tions for pneumonia are also decreased, but the effect is less 
dramatic.6 Until more specific data are available for patients 
with congenital asplenia, following the guidelines described 
for children undergoing total splenectomy appears to be the 
most prudent course.4
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23.2 aSplenIa, COnGenITal, SYnDROmal

(Absence/Agenesis/Aplasia of the Spleen, Ivemark Asplenia Syndrome, Heterotaxy/Heterotaxia, Asplenia with Cardiovascular 
Malformations, Laterality Defect, Bilateral Right-Sidedness, Right Isomerism, Polyasplenia, Situs Ambiguus, Partial/Incomplete 
Situs inversus)

Definition: Absence of the spleen associated with visceral malformations and heterotaxy.

ICD9/ICD10: 759.0/Q89.01 Syndrome Associations (Appendix)
Autoimmune polyendocrine I (AIRE), II
Feingold (MYCN)
Gracile bone dysplasia (FAM11A)
Heme oxygenase 1 deficiency (HMOX1)
Heterotaxy, visceral, 1, X-linked (ZIC3)
Heterotaxy, visceral, 5, autosomal (NODAL)
Hypoglossia with situs inversus
Intellectual disability-hypotonic facies
Laterality defects, autosomal dominant
Meckel (MKS1)
Microgastria-limb reduction association
Mowat-Wilson (ZEB2)
Pallister-Hall (GLI3)
Renal-hepatic-pancreatic dysplasias (NPHP3, NEK8)
Stormorken (STIM1)
Tetraamelia (WNT3)
Transposition of the great arteries (MED13L)
See also Entry 23.9

Birth prevalence: heterotaxy 1/12,500 in US; 
Autoimmune polyendocrine syndrome I–1/25,000 in 
Finland, 1/14,000 in Sardinia, 1/43,000 in Slovenia, 
1/90,000-80,000 in Norway, 1/129,000 in Poland

Associated anomalies: visceral, cardiac, skeletal

Laboratory studies: Heinz bodies or Howell-Jolly 
bodies on blood smear, chest radiography, abdominal 
ultrasonography, echocardiography, CT, MRI, 
radionuclide imaging for spleen and liver symmetry/shape

Prenatal diagnosis: ultrasonography based on other 
organ malformation or heterotaxy

Causes: Mendelian

While asplenia is associated with a few medical syndromes 
that have situs solitus, the best known association is with other 
organ malformations, especially cardiovascular, and an atypi-
cal spatial arrangement of the asymmetric thoracic and/or 
abdominal organs called heterotaxy. The “asplenia syndrome” 
was originally thought to be a unique entity, but because asple-
nia and polysplenia are both associated with similar malfor-
mations in other organs, and occasional families include cases 
of both, asplenia and polysplenia are now considered differ-
ent manifestations of a common set of morphogenetic errors 
and the terms polyasplenia and situs ambiguus (Entry 23.9) 
are used.

Patients with asplenia frequently present with symp-
toms of a cardiovascular malformation, or they come to 
medical attention because of the associated heterotaxy. In 
Stormorken syndrome, splenic absence/hypoplasia is part 
of a broader pattern of pathology that includes a bleed-
ing diathesis with thrombocytopenia/thrombocytopathy, 
intellectual disability, muscle fatigue, miosis, and ichthyo-
sis.2 Microgastria-limb reduction association is in the 
oromandibular-limb hypogenesis spectrum, which also 
includes splenogonadal fusion (Entry 23.5).3 Typically, 
patients have hypoplasia of the forearms, hands, and/or 
wrists. Patients with renal-hepatic-pancreatic dysplasias 
present with cystic/dysplastic changes in the kidney, liver, 

and pancreas. Infants with X-linked heterotaxy may pres-
ent with imperforate anus. One case with arhinencephaly, 
agenesis of the corpus callosum, and hypothalamic hamar-
toblastoma, a feature of Pallister-Hall syndrome, has been 
reported.4

As many as 90 to 99  percent of patients with syndromal 
asplenia and heterotaxy have cardiovascular manifestations.5,6 
(See Entry 23.9 Situs Ambiguus for anomalies associated with 
the polyasplenia/heterotaxy spectrum.) Other syndromal 
associations are relatively rare and are characterized by the 
unique features of each condition.2-4,7,8

The US birth prevalence of heterotaxy was recently esti-
mated to be approximately 1/12,500, with a slightly decreased 
male/female ratio by authors who also stated, “Laterality 
defects pose a challenge to epidemiologic analysis because 
of their tremendous anatomic complexity and phenotypic 
diversity.”9

Treatment: Newly diagnosed infants with asplenia who 
have not received the routine pneumococcal vaccine with the 
13-valent pneumococcal conjugate vaccine (PCV13) should 
be immunized immediately with the recommended primary 
series of four doses. Unimmunized children between ages 12 
and 24 months should receive two doses of the PCV13 at least 
eight weeks apart.10 Then at age 24 months, affected children 
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should receive the 23-valent polysaccharide vaccine (PPSV23) 
with a second dose of PPS five years after the first dose.11 In 
addition, all other vaccines should be given. Antibiotic pro-
phylaxis is also recommended for the first five years; opinions 
differ regarding the optimal regimen and duration.10

Prognosis: In one series, the fetal death rate after pre-
natal diagnosis was 10  percent and the five-year survival 
rate for those liveborn was only 53  percent.12 Patients with 
renal-hepatic-pancreatic dysplasia and gracile bone dysplasia 
usually die in early infancy from associated problems. Both 
cases of heme oxygenase 1 deficiency died from intracranial 
hemorrhage. Persistent thrombocytosis in infants with asple-
nia may contribute to an increased rate of thromboembolism 
during the management of their cardiovascular malforma-
tions.13 There is good evidence from the general population 
that pneumococcal vaccination significantly lowers the risk of 
infants being hospitalized for sinusitis, and hospitalizations for 
pneumonia are also decreased, but the effect is less dramatic.14 
Until more specific data are available for patients with congen-
ital asplenia, following the guidelines described for children 
undergoing total splenectomy appears to be the most prudent 
course.10
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23.3 pOlYSplenIa

(Polysplenia Syndrome, Heterotaxy, Laterality Defect, Bilateral Left Sidedness, Left Isomerism, Polyasplenia, Situs Ambiguus, 
Partial/Incomplete Situs Inversus)

Definition: Multiple spleens, usually located along the greater curvature of the stomach and associated with visceral malfor-
mations and heterotaxy.

ICD9/ ICD10: 759.0/Q89.09 Syndrome Associations (Appendix)
Acrocephalopolydactylous dysplasia
Carpenter (RAB23)
Ciliary Dyskinesia, primary, 14 (CDC39), 25 (DYX1C1)
Cumming campomelia
Hennekam lymphangiectasia-lymphedema (CCBE1)
Heterotaxy, visceral, 1, X-linked (ZIC3)
Heterotaxy, visceral, 4, autosomal (NODAL)
Holoprosencephaly, 11 (CDON)
Hypoglossia-situs inversus
Kartagener
Lymphedema-cardiac septal defects-characteristic facies
Marfanoid habitus-situs inversus
Microphthalmia, 9 (STRA6)
Polysplenia-pulmonary atresia/stenosis (GJA1)
Renal-hepatic-pancreatic dysplasia 1 (NPHP3)
Simpson-Golabi-Behmel Type 1 (GPC3)
del 16p13.3
See also Situs Ambiguus (Entry 23.9)

Birth prevalence: heterotaxy 1/12,500 in US

Associated anomalies: visceral, cardiac, skeletal

Laboratory studies: chest radiography, abdominal 
ultrasonography, echocardiography, CT, MRI, 
radionuclide imaging for liver symmetry and shape, 
spleen position and number.

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian

Polysplenia is usually associated with other organ 
malformation(s), especially cardiovascular, and an atypical 
spatial arrangement of the asymmetric thoracic and/or abdom-
inal organs called heterotaxy. The “polysplenia syndrome” was 
originally thought to be a unique entity, but because asplenia 
and polysplenia are both associated with similar malforma-
tions in other organs and occasional families include cases of 
both, polysplenia and asplenia are now considered different 
manifestations of a common set of morphogenetic errors and 
the terms polyasplenia and situs ambiguus are used.

Patients with polysplenia usually present with symptoms 
based on their associated anomalies or medical problems. 
Diagnosis in early infancy is usually because of associated 
cardiovascular malformations or biliary atresia, but diagno-
sis may be delayed until adult life if no major malformations 
are present that require attention in childhood. The multiple 
spleens are typically, but not invariably, found along the greater 
curvature of the stomach. Polysplenia must be differentiated 
from the normal variant, “accessory spleens” (Entry 23.6).

About 90 percent of patients with polysplenia have cardio-
vascular malformations.2,3 Anomalies more commonly associ-
ated with polysplenia include intrahepatic interruption of the 
inferior vena cava with connection to the azygous or hemia-
zygous vein and extrahepatic biliary atresia, which occurs in a 
subgroup of patients who have polysplenia with other typical 

extracardiac anomalies but a relatively low frequency of con-
genital heart disease.4,5 Between 6 percent and 23 percent of 
patients with extrahepatic biliary atresia have polysplenia, and 
31 percent to 50 percent of patients with polysplenia present 
with extrahepatic biliary atresia.6

The US birth prevalence of heterotaxy was recently esti-
mated to be approximately 1/12,500 with a slightly decreased 
male/female ratio by authors who also stated, “Laterality defects 
pose a challenge to epidemiologic analysis because of their tre-
mendous anatomic complexity and phenotypic diversity.”7

Treatment: Surgery and/or medical treatment is indicated 
for the associated anomalies or medical conditions.

Prognosis: Outcome depends on effectiveness of treat-
ment for the associated medical problems. In one series, the 
fetal death rate after prenatal diagnosis was 6 percent and the 
five-year survival rate for those liveborn was 86 percent.8
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23.4 pOSITIOnal alTeRaTIOnS Of THe Spleen

(Ectopic Spleen, Wandering Spleen, Floating Spleen, Excessive Mobility of the Spleen, Splenic Ptosis)

Definition: Positioning of the spleen outside of the left upper quadrant.

ICD9/ICD10: 759.0/Q89.09 Syndrome Associations (Appendix)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Ehlers-Danlos (COL3A1, COL1A2)
Marfan (FBN1)
Prune belly
Splenogonadal fusion

Birth prevalence: unknown, prevalence data are variable, 
probably very rare

Associated anomalies: hypermobility, malposition or 
congenital anomalies of other abdominal structures 
including prune belly, renal agenesis, gastric volvulus, 
diaphragmatic eventration or hernia

Laboratory studies: ultrasonography, CT, MRI, 
angiography, Tc-99m scintigraphy

Prenatal diagnosis: unlikely unless it presents as a mass in 
the fetal abdomen

Cause: unknown, due to idiopathic congenital absence/
laxity/hypoplasia or acquired laxity of splenic ligamentous 
supports

Ectopic or “wandering” spleens are found in both children and 
adults, and symptoms may or may not be present at the time of 
diagnosis. Some ectopy is congenital, while other cases are of 
postnatal onset.1,2 An enlarged spleen with an elongated pedi-
cle may present as an asymptomatic abdominal or pelvic mass. 
Torsion of the elongated pedicle causes acute severe abdominal 
pain due to splenic congestion and/or infarction. When symp-
tomatic, an ectopic spleen may be misdiagnosed as appendici-
tis, ovarian cyst, diverticulitis, cholecystitis, bowel obstruction, 
peritonitis, or lymphoma. Abdominal palpation reveals a mass 
with a notched border. The mass is usually mobile, with pain-
less movement toward the left upper quadrant and painful, 
limited movement in other directions.

Some patients have hypermobility or congenital anoma-
lies of other abdominal structures including “prune belly” 
(hypoplasia or absence of abdominal musculature, usually 
associated with dilation of the urinary tract and undescended 
testicles), renal agenesis, gastric volvulus, diaphragmatic even-
tration, and congenital diaphragmatic hernia. Postnatal pre-
disposing factors include splenomegaly and abdominal laxity. 
Wandering spleen has been associated with splenomegaly due 
to chronic disease and multiparity. Early reports emphasized 
the association of splenic ectopia with splenic hypertrophy 
due to malaria and suggested that an enlarged spleen allows 

increased mobility by stretching and elongating the support-
ing structures.

Although the first postmortem description of wander-
ing spleen was by Van Horne in 1667, the condition had been 
recognized by Hippocrates, Pliny, Herophilus and Galen.2 
Prevalence data for wandering spleen are variable. A  review 
of 708 patients undergoing splenectomy prior to 1908 found 
that 139 of them (20 percent) had ectopic spleens.3 Of these, 
52 were associated with malarial disease and 87 were idio-
pathic. On the other hand, Whipple does not mention splenic 
ectopia in his series of 1,457 patients evaluated in a combined 
medical-surgical spleen clinic.4 Subsequent reviews suggest 
that the condition is rare.3 In a series of 1,413 children hav-
ing splenectomy between 1956 and 1965, wandering or ectopic 
spleen is not mentioned, but four patients had torsion of the 
spleen.5 Estimates of the male:female ratio vary widely. There 
appears to be a male predominance of patients presenting in 
the first year of life but a female predominance after the age of 
one.6,7 Only a single case of sib recurrence has been reported.8

Treatment: Surgical options include splenectomy or sple-
nopexy to shorten the pedicle and prevent future torsion by 
fixation.4,12,14 Originally, these were done as open procedures 
but can now be performed laparoscopically, resulting in 
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less postoperative recovery time and fewer complications.9 
Splenectomy, when necessary, should be accompanied by the 
use of pneumococcal vaccine.

Prognosis: Torsion of an elongated splenic pedicle can cause 
acute congestion and infarction. Mortality rates are greatest in 
patients presenting with acute abdominal findings, especially 
when this occurs during pregnancy. An enlarged, congested 
spleen is also at increased risk of being ruptured by trauma. 
Early diagnosis and treatment are essential for the prevention 
of morbidity and mortality.
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23.5 SplenIC fUSIOn TO OTHeR ORGanS

(Splenorenal Fusion, Splenogonadal Fusion, Splenogonadal Fusion-Limb Defects)

Definition: Fusion of either the primary spleen or an accessory spleen with a gonad or other organ.

ICD9/ICD10: 759.0/Q89.09 Syndrome Associations (Appendix)
Oromandibular-limb hypogenesis spectrum
Aglossia-adactylia
Charlie M
Cleft palate/lateral synechiae
Glossopalatine ankylosis
Hanhart
Hypoglossia-hypodactylia
Moebius

Birth prevalence: unknown, but rare

Associated anomalies: includes spectrum of anomalies 
seen in the oromandibular-limb hypogenesis syndromes

Laboratory studies: abdominal CT, ultrasonography, 
MRI, angiography, radiocolloid scintigraphy, laparoscopy

Prenatal diagnosis: ultrasonography for associated limb 
defects

Cause: possible vascular disruption

Fusion to other organs can involve a main spleen or acces-
sory spleens. Splenorenal fusion occurs rarely, having been 
reported in only eight patients.1 Accessory spleens found 
in and fused to the pancreas present as cystic abdominal 
masses.2,3 The spleen may be attached to a gonad by a fibrous 
cord (continuous fusion), or ectopic rests of splenic tissue 
may be attached to the gonad without an intervening attach-
ment to the spleen (discontinuous fusion).4 Fusion to the 
left gonad is most common. Pain may be caused by torsion 
of accessory splenic tissue or obstruction of the bowel by 
the fibrous cord present in continuous splenogonadal fusion 
(SGF). When an accessory spleen is fused to a testicle in the 
scrotal sac, it may be mistaken for a hernia or third testicle. 
Patients may be aware of a testicular or scrotal mass for years 
prior to diagnosis.5

Associated anomalies are present in 48  percent of 
patients with continuous SGF, but only 9 percent with dis-
continuous SGF; these include mandibular hypoplasia, cleft 
palate, bifid uvula, microglossia, anal atresia, diaphragmatic 
hernia, inguinal hernia, cryptorchidism, complex cardiac 

malformations, and complex limb reduction anomalies such 
as peromelia and amelia.6 There is overlap with anomalies 
of the oromandibular-limb hypogenesis malformation spec-
trum.7 Peromelia, cryptorchidism, and micrognathia are 
more commonly associated with continuous fusion than 
with discontinuous fusion.5,8 Presence of any of these associ-
ated anomalies should suggest the possibility that a scrotal 
mass is actually benign splenic tissue rather than testicular 
cancer.

Most patients with splenogonadal fusion with limb defects 
(SGFLD) are severely affected but not invariably so. One boy 
with SGFLD, mild developmental delay, and micrognathia 
had otherwise good health at age 10 years.9 The legs are usu-
ally more severely affected than the arms, and, while both sides 
can be involved, there may be a slight predilection for the right 
side to be more frequently and more severely affected (Fig. 
23.5.1).9 Most reported patients have had terminal transverse 
reduction anomalies. Exceptions are patients with apparent 
absence of the femur and fibula, maintenance of a bone that 
appeared to be tibia, severe arm reduction anomalies, and the 
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additional atypical finding of significant central nervous sys-
tem involvement.9

SGF and SGFLD usually involve the left-sided gonad and 
are found only in simplex cases, without evidence of familial 
recurrence or genetic causation. SGF occurs rarely; a review 
in 2003 found 145 cases along with over 30 cases of SGFLD.6 
A high male:female ratio is probably biased by the more likely 
ascertainment of male genital complications. Limb reduction 
usually occurs with the continuous type of SGF but only rarely 
with the discontinuous type.

The cause(s) of SGFLD are usually unknown, but 
there are phenotypic similarities with syndromes in the 
oromandibular-limb hypogenesis spectrum, for which vas-
cular disruptive causes have been proposed.6,7,10 SGF/SGFLD, 
proposed to be a developmental field defect due to a “hit” dur-
ing blastogenesis, probably occurs between gestational weeks 
five and 10 as the gonads migrate toward the urogenital folds 
at the same time the spleen is forming and the stomach is 
rotating.6

Treatment: Often it is difficult to avoid orchiectomy when 
the patient has SGF and testicular cancer is in the original dif-
ferential diagnosis. When a testicle is intraabdominal, how-
ever, the presence of SGF does not necessarily eliminate the 
possibility of cancer.11

Prognosis: If a diagnosis of splenic fusion to a scrotal gonad 
can be made prior to or during surgery, it may be possible to 
avoid orchiectomy.
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23.6 aCCeSSORY SpleenS

(Splenules, Splenunculi)

Definition: Small nodules of splenic tissue that exist in addition to a main spleen, which is usually of normal size. Note, these 
are different from polysplenia.

ICD9/ICD10: 759.0/Q89.09 Syndrome Associations (Appendix)
Trisomies 13, 18

Birth prevalence: 1/3–1/10

Associated anomalies: other anomalies considered 
coincidental.

Laboratory studies: abdominal CT, ultrasonography, 
MRI, angiography, radiocolloid splenic scintigraphy, 
laparoscopy.

Prenatal diagnosis: unlikely

Cause: normal variant

Accessory spleens are usually diagnosed at surgery or found 
incidentally at autopsy. Symptomatic accessory spleens may 
present as abdominal cystic masses with or without pain. Some 
accessory spleens have long attachments, giving rise to the term 
“wandering accessory spleen.” These long attachments may 
undergo torsion and present with acute abdominal pain (See 
entry 23.4). The location of accessory splenic tissue is variable. 
The most common sites are the hilum of the spleen and the 
tail of the pancreas. Other frequent sites include the gastro-
splenic ligament near the tail of the pancreas, the splenocolic 
ligament, the splenorenal ligament, the pancreaticosplenic lig-
ament, the greater omentum, along the splenic artery, and in 
the connective tissue under the left diaphragm. They may also 
be found scattered on the peritoneal surface, on the transverse 
colon, imbedded in the liver, in the body of the pancreas, in 
the inguinal canal, and in the scrotum. Although usually asso-
ciated with a normal size spleen, accessory spleens have been 
seen with only very small main spleens. Approximately 15 per-
cent of accessory spleens found at autopsy are located at sites 
sufficiently far from the hilum of the spleen that they would 
be difficult to find at routine splenectomy without a specific 
search being made.1

Although accessory spleens in patients with malformation 
syndromes are usually considered coincidental, they do seem to 
be more commonly found in patients with chromosomal abnor-
malities. OMIM currently lists 10 nonchromosomal syndromes 
with “accessory spleen (or spleens),” but it is not at all clear that 
a significant association exists with any of these. Rather, the 
reason for these citations appears to be single case reports that 
mention one or more accessory spleens. The principal malfor-
mation association that involves accessory splenic tissue is when 
fusion occurs between splenic and gonadal tissue (Entry 23.5).

One or more accessory spleens is a common variant in 
humans, occurring in 10 percent to 30 percent of the human 

population.2,3 Accessory spleens are commonly found in 
patients with chromosomal abnormalities, occurring in as 
high as 30 percent to 50 percent of patients with trisomy 13 
and trisomy 18 who have had thorough anatomic studies.4

Treatment: Undetected accessory spleens may be the under-
lying cause of patients with hypersplenism failing to respond 
to splenectomy, in which case a second surgical exploration 
may be necessary.5 Since accessory spleens may be missed, a 
specific search should be made prior to or during the initial 
surgery. Preoperative and intraoperative imaging techniques 
such as computed tomography and scintigraphy may be use-
ful, especially in the case where a patient has failed to respond 
to initial splenectomy and reoperation is being considered.

Prognosis: Accessory spleens are usually found coinciden-
tally at autopsy and, therefore, are probably asymptomatic and 
of no clinical importance most of the time. Recurrence of idio-
pathic thrombocytopenic purpura years after splenectomy has 
been reported numerous times as the result of one or more 
accessory spleens not identified at the time of initial surgery.6
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23.7 SplenIC STRUCTURal VaRIaTIOn

Definition: Structural variations include splenic notches, clefts, thinning, and lobulation.

ICD9/ICD10: 759.0/Q89.09 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: ultrasonography, CT, MRI

Prenatal diagnosis: none

Cause: normal variant

Spleens may have unusual shapes with clefts, notches, or lobu-
lation. These variant shapes are usually found coincidentally at 
surgery or postmortem examination. In a patient being stud-
ied radiographically for other reasons, a splenic lobule that is 
close to the upper pole of the left kidney may be misinterpreted 
as a renal mass.1 In patients with abdominal trauma, notches 
or clefts 2–3 cm long may be misinterpreted as splenic lacera-
tions, in which case follow-up imaging is valuable, as lacera-
tions due to trauma should fill with contrast while congenital 
clefts will remain unchanged.

The spleen forms by a merging of the mesenchymal cell 
clusters that have formed in the left side of the dorsal mesogas-
trium during the fifth week of development. This normal fetal 
splenic lobulation typically disappears by the end of gestation. 
Therefore, splenic clefts, notches, or lobulations appear to be 

the result of incomplete fusion of these embryonic hillocks. 
Notches are most frequently found in the anterior and superior 
borders.2 There are no associated anomalies.

Treatment: No treatment is indicated for these normal 
variants.

Prognosis: No morbidity is known other than iatrogenically 
generated problems due to misinterpretation of imaging.
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23.8 laTeRalITY: SITUS INVERSUS

(Mirror-Image Situs Inversus, Situs Inversus Totalis, Laterality Defect; includes Primary Ciliary Dyskinesia or Ciliary Dyskinesia, 
Immotile Cilia Syndrome, Kartagener Syndrome)

Definition: Complete, mirror-image reversal of thoracic and/or abdominal organs with or without primary ciliary dyskinesia. 
See also Laterality: Situs ambiguus (Entry 23.9).

ICD9/ICD10: 759.3/Q89.3 Syndrome Associations (Appendix)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Joubert (INPP5E, TMEM216, AHI1, NPHP1, 
CEP290, TMEM67, RPGRIP1L, ARL13B, CC2D2A, 
CXORF5, TTC21B, KIF7, TCTN1, TMEM237, CEP41, 
TMEM138, C5ORF42, TCTN3, ZNF423, TMEM231, 
CSPP1, PDE6D)
Kartagener (DNAI1)
Meckel 1 (MKS1), 7 (NPHP3)
Nephronophthisis 2 (INVS), 3 (NPHP3), 14 (ZNF423), 
16 (ANKS6)
Polycystic kidney (PKD2)
Renal-hepatic-pancreatic dysplasia (NPHP3)

Birth prevalence: 1 in 33,333 in US

Associated anomalies: cardiovascular malformations, 
primary ciliary dyskinesia

Laboratory studies: chest radiography, abdominal 
ultrasonography, echocardiography, CT, MRI, nasal nitric 
oxide and electron microscopy of nasal cilia

Prenatal diagnosis: ultrasonography

Cause: Mendelian
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Cases of mirror image situs inversus (SI) or situs inversus totalis 
(SIT) are frequently asymptomatic and identified only inciden-
tally on exam, by chest radiography, or at autopsy (Fig. 23.8.1).1 
The cardiac point of maximum impulse will be on the right 
side of the chest. Approximately 20 to 25 percent of patients 
with SI will present with chronic/recurrent pulmonary symp-
toms due to primary ciliary dyskinesia (PCD), and 50 percent 
of patients with PCD have SI. The classic adult symptoms in 
the PCD/Kartagener syndromes are SI, bronchiectasis, sinus-
itis, and infertility, all due to underlying ciliary dyskinesia. It 
should be noted that neonatal respiratory distress occurs in 
more than 80  percent of PCD cases. Infancy and childhood 
are characterized by daily nasal congestion and a wet cough 
starting soon after birth, with early development of recurrent 
chronic middle-ear and sinus disease. There is early onset of 
lung disease, with abnormal air flow mechanics by age six to 
eight years, similar to that seen in patients with cystic fibro-
sis. Subsequently there is age-dependent development of 
bronchiectasis.2

While many individuals with SI may be identified inci-
dentally and have no other anomalies, there is an increased 
incidence of cardiovascular malformations in the range of 3 
to 5 percent.3 In a series of patients ascertained by the pres-
ence of major malformations, 41 percent had a cardiovascular 
malformation.4

The US birth prevalence of situs inversus was estimated to 
be approximately 1/33,333, with a male/female ratio close to 
1.0, by authors who also stated, “Laterality defects pose a chal-
lenge to epidemiologic analysis because of their tremendous 
anatomic complexity and phenotypic diversity.”4 Syndromes 
such as Johanson-Blizzard, thiamine-responsive megaloblastic 
anemia, Scheie, and Renpenning have rarely reported single 

cases with SI. It should be noted that not all PCD-related lat-
erality abnormalities are SI; as many as 12 percent of children 
with PCD may have situs ambiguus rather than situs inversus.5

Treatment: Management of PCD should include airway 
clearance, regular surveillance of pulmonary function and 
respiratory microbiology by a pulmonologist and otolaryngol-
ogist, and treatment with antibiotics appropriately targeted to 
pathogens.2 Unfortunately, PCD diagnosis and onset of man-
agement is often delayed for years.6

Prognosis: Adequate data on morbidity and mortality in 
PCD are not available, but the diagnosis and treatment of 
patients with PCD is rapidly evolving. It is hoped that ear-
lier diagnosis and more aggressive treatment will improve 
long-term outcomes.7

REFERENCES

 1. Lakshman VB, Revannasiddaiah S, Ganganna R:  Situs inversus totalis 
discovered incidentally at the age of 84  years. BMJ Case Rep 2013 Mar 
12;2013. pii: bcr2013008611. doi: 10.1136/bcr-2013-008611.

 2. Knowles MR, Daniels LA, Davis SD, et  al.:  Primary ciliary dyskinesia. 
Recent advances in diagnostics, genetics, and characterization of clinical 
disease. Am J Respir Crit Care Med 188:913, 2013.

 3. Tonkin ILD: The definition of cardiac malpositions with echocardiogra-
phy and computed tomography. In: Pediatric Cardiac Imaging. Friedman 
WF, Higgins CB, eds. W.B. Saunders Co, Philadelphia, 1984, pp 157–187.

 4. Lin AE, Krikov S, Riehle-Colarusso T, et  al.:  Laterality defects in the 
National Birth Defects Prevention Study (1998-2007):  birth prevalence 
and descriptive epidemiology. Am J Med Genet A 164A:2581, 2014.

 5. Shapiro AJ, Davis SD, Ferkol T, et al.: Laterality defects other than situs 
inversus totalis in primary ciliary dyskinesia: insights into situs ambiguus 
and heterotaxy. Chest 146:1176, 2014.

 6. Lucas JS, Burgess A, Mitchison HM, et al.: Diagnosis and management of 
primary ciliary dyskinesia. Arch Dis Child 99:850, 2014.

 7. The Primary Ciliary Dyskinesia Foundation: http://www.pcdfoundation.org/

Fig. 23.8.1 A: Situs solitus. Schematic representation of situs solitus showing the eparterial bronchus on the right with the trilobed right lung (RL). On the left, there 
is a hyparterial bronchus because the pulmonary artery crosses over the bronchus. The left lung (LL) has two lobes. The left bronchus is longer than the right by 
about a 1.7 to 2.1 ratio. The right atrium (RA) is on the patient’s right side and the left atrium (LA) is on the left side. The abdominal viscera are normal, with the 
liver on the right and the spleen and stomach on the left. The inferior vena cava is to the right of the spine, and the aorta descends to the left of the spine in the 
normal or situs solitus situation. B: Situs inversus. In the schematic representation of situs inversus, there is a mirror image, with the trilobed lung and eparterial 
bronchus on the left, a bilobed lung and hyparterial bronchus on the right, dextrocardia, and reversal of the abdominal organs and vessels. (Illustration and legend 
from Tonkin ILD.3 Used with permission.)
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23.9 laTeRalITY: SITUS AMBIGUUS

(Asplenia, Absence/Agenesis/Aplasia of the Spleen, Ivemark Asplenia Syndrome, Polysplenia, Polyasplenia, Heterotaxy, Partial 
or Incomplete Situs Inversus, Right or Left Isomerism, Laterality Defect)

Definition: Atypical spatial arrangement of the thoracic and abdominal organs which appears to be a combination of situs 
solitus and situs inversus resulting from failure to fully establish normal right-left asymmetry during embryonic development.

ICD9/ICD10: 759.0, 759.3/Q89.01, Q89.3 Syndrome Associations (Appendix)
Bardet-Biedl 10 (BBS10)
Biliary atresia, extrahepatic
Ciliary dyskinesia 6 (NME8)
Heterotaxy, Visceral 1 (ZIC3), 2 (CFC1), 3, 4 (ACVR2B), 
5 (NODAL), 6 (CCDC11)
Holoprosencephaly 3 (SHH)
Laterality defects, AD
Dup 22q11.2
Maternal diabetes

Birth prevalence: heterotaxy 1/12,500 in US

Associated anomalies: extensive; involves most thoracic 
and abdominal organ systems

Laboratory studies: chest radiography, abdominal 
ultrasonography, echocardiography, CT, CT angiography, 
MRI, Heinz bodies or Howell-Jolly bodies in peripheral 
blood smear suggests asplenia, hepatobiliary radionuclide 
imaging for liver symmetry and shape, radionuclide 
spleen scanning for spleen position and number

Prenatal diagnosis: malposition of heart and other 
asymmetric organs by ultrasonography

Causes: chromosomal, Mendelian, environmental

One should suspect polyasplenia/heterotaxy/situs ambiguus 
(SA) in any child with a congenital cardiovascular malforma-
tion and an apparently symmetric liver with the edge palpable 
across the entire upper abdomen, or an inverted liver with the 

left lobe larger than the right (Fig. 23.9.1). Patients present 
with symptoms from their major organ anomalies, especially 
congenital cardiovascular malformations. In polysplenia, the 
multiple spleens are typically, but not invariably, found along 

Fig. 23.9.1 A: With situs ambiguus, there may be bilateral right isomerism with bilateral trilobed lungs and eparterial bronchi of the same short length. In the 
instance of right atrial isomerism, the atrial appendages are usually symmetric and resemble a broad-based right atrial appendage. The liver is frequently in the 
midline, as may be the stomach with absence of the spleen. The abdominal aorta and inferior vena cava cross to the same side of the spine in the abdomen with 
inferior vena cava–right atrial continuity. B: In left isomerism or polysplenia syndrome, there are bilateral hyparterial bronchi, bilobed lungs, and bilateral left atria 
or a common atrium. By definition, at least two spleens are along the greater curvature of the stomach. Left isomerism frequently involves interruption of the 
inferior vena cava with azygos or hemiazygos continuation to a superior vena cava. Heart disease is less severe in this syndrome, with a 5–10% incidence of no 
congenital heart disease. (Illustration and legend from Tonkin ILD.2 Used with permission.)
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the greater curvature of the stomach. Diagnosis of polysplenia 
may rarely be delayed until adult life if no major malforma-
tions are present that require attention in childhood.

Patients with SA usually have other, severe malformations 
that are life-threatening. The list of associated malformations is 
extensive and involves virtually every thoracic and abdominal 
organ system (Table 23.9.1).1 Especially notable are malforma-
tions of the heart and great vessels and liver and biliary tract 
that bring infants to medical attention. About 90  percent of 
patients with polysplenia and 90 to 99 percent of patients with 
asplenia have congenital cardiovascular malformations.2,3 CT 
angiography may be useful in assessing complex intracardiac 
and extracardiac anomalies that are difficult to characterize by 
echocardiography.4

In asplenia, cardiovascular malformations are usually 
conotruncal anomalies and tend to be more severe than those 
associated with polysplenia. The inferior vena cava and the 
abdominal aorta both lie on the same side of the spine, a rela-
tionship that seemed pathognomonic for asplenia until it was 
observed in a patient with malformations typical of polysple-
nia.5 Such cases support the concept of a polyasplenia spec-
trum of malformation.

Malformations more commonly seen associated with poly-
splenia include intrahepatic interruption of the inferior vena 
cava with connection to the azygous or hemiazygous vein and 
extrahepatic biliary atresia, which occurs in a subgroup of 
patients who have polysplenia with other typical extracardiac 
anomalies but a relatively low frequency of congenital heart 
disease.6 It is estimated that between 6 percent and 23 percent 

of extrahepatic biliary atresia patients have polysplenia and 
31 percent to 50 percent of patients with polysplenia present 
with extrahepatic biliary atresia.7

Complete mirror-image situs inversus used to be thought of 
as primarily a feature of Kartagener and related syndromes due 
to primary ciliary dyskinesia (PCD), but as many as 12 per-
cent of children with PCD may have situs ambiguus rather than 
situs inversus.8

The US birth prevalence of heterotaxy was recently esti-
mated to be approximately 1/12,500, with a slightly decreased 
male/female ratio by authors who also stated, “Laterality 
defects pose a challenge to epidemiologic analysis because of 
their tremendous anatomic complexity and phenotypic diver-
sity.”9 Laterality defects are increased in the offspring of diabetic 
mothers and in conjoined twins, especially in the right twin 
of dicephalus pairs in whom cardiac fusion has occurred.10,11 
Laterality defects have also been observed in monozygotic 
twins with anatomic features that were almost mirror-images 
of each other.12 Familial cases have suggested autosomal domi-
nant, autosomal recessive, and X-linked inheritance. Obligate 
gene carriers may have situs solitus or mirror image situs inver-
sus totalis. Occasionally, individuals with SI will have relatives 
illustrating that these defects in the determination of laterality 
constitute a spectrum of causally-related phenotypes.13

Treatment: Pediatric and cardiac surgery consultations are 
indicated for treatment and management of organ malforma-
tion. Patients with asplenia are at risk of dying from sepsis, 
because they lack the normal splenic functions that protect 

TABLE 23.9.1  malformations associated with the Situs Ambiguus Spectrum

Pulmonary Pulmonary isomerism (bilateral trilobed lungs with eparterial bronchi in asplenia, bilateral bilobed lungs with hyparterial 
bronchi in polysplenia), four-lobed lungs, pulmonary situs inversus, tracheoesophageal fistula, tracheal agenesis with 
bronchoesophageal fistula, total tracheopulmonary agenesis

Cardiovascular Malposition, single atrium, bilateral superior vena cavae, anomalous pulmonary venous return, transposition of the great 
vessels, pulmonic stenosis or atresia, atrial septal defect, ventricular septal defect, intrahepatic interruption of the inferior vena 
cava with azygous continuation of the superior vena cava, persistent left superior vena cava to coronary sinus, double outlet 
right ventricle, subaortic stenosis, hypoplastic left heart with malformed aortic and mitral valves, endocardial cushion defect, 
right-sided aortic arch

Skeletal Vertebral malformation (hypoplasia, dysplasia, hemivertebrae, spina bifida), scoliosis, hypoplastic sternum, radial and/or ulnar 
hypoplasia

Nervous Neural tube defects (anencephaly, spina bifida and encephalocele, especially craniocervical), iniencephaly, holoprosencephaly, 
microphthalmia, hydrocephalus, third ventricle hypoplasia, septum pellucidum abnormality, cerebellar dysplasia or hypoplasia, 
Dandy-Walker malformation, arteriovenous malformation, porencephaly, hydranencephaly

Craniofacial Cleft lip with or without cleft palate, cleft palate without cleft lip, microphthalmia

Gastrointestinal Esophageal atresia with tracheoesophageal fistula, esophageal varices, liver midline, symmetrical or inverted (left lobe larger 
than right), extrahepatic biliary atresia, hypoplastic or absent gallbladder with or without biliary atresia, annular pancreas, 
hypoplastic pancreas, duplication of the stomach, microgastria, tubular stomach, duodenal or jejunal atresia, malrotation of the 
bowel, short bowel, intestinal web, duplication of the hindgut, aganglionosis, imperforate anus, rectal stenosis

Urinary Renal agenesis, renal hypoplasia, horseshoe kidney, double ureters, hydronephrosis, renal cysts, posterior urethral valves,

Endocrine Fused adrenal glands, absence of one adrenal, adrenal hyperplasia

Genital Undescended testicles, testicular hypoplasia, bicornuate uterus and other unspecified uterine anomalies, ovarian cysts,

Other Diaphragmatic hernia or agenesis, single umbilical artery, inguinal hernia, premature birth, fetal hydrops
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against bacterial infection. Pneumococcal and other vaccines 
should be given in conjunction with antibiotic prophylaxis. 
Until more specific data are available for patients with congenital 
asplenia, following the treatment and management guidelines 
described for children undergoing total splenectomy appears to 
be the most prudent course for the best possible prognosis.14

Prognosis: Prognosis depends on the severity and treatabil-
ity of the malformations that are present. In one series, the 
fetal death rate after diagnosis was 10 percent for asplenia and 
6  percent for polysplenia, while the 5-year survival rate for 
those live born was only 53 percent for asplenia but 86 percent 
for polysplenia cases.15
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24 | THE LOWER RESPIRATORY ORGANS

CALEB P. BUPP AND ROGER E. STEVENSON*

inTroDUCTion

The lower respiratory organs include the larynx and epiglot-
tis, trachea, bronchi, and lungs. The diaphragm, although not 
a respiratory tract organ per se, is included here because mal-
formations of this organ impact the developing respiratory 
tract. Although lung and airway anomalies account for less 
than 10 percent of all major malformations, they exert dispro-
portional influence on prenatal and neonatal morbidity and 
mortality because of their ability to compromise the patency or 
capacity of vital air spaces.1 Their existence may be heralded by 
respiratory infections, feeding difficulties, respiratory distress, 
and cyanosis, often comprising a neonatal emergency.

High resolution ultrasonography has allowed a likely diag-
nosis before birth in as many as half of cases.2,3 Large volume 
malformations and the presence of mediastinal shift, ascites, 
and polyhydramnios are predictive of neonatal respiratory dis-
tress.4 Cardiac malformations are the most frequently associated 
nonrespiratory system anomaly. Apparent regression has been 
noted on serial ultrasound examinations of a number of fetuses 
with cystic adenomatoid malformation (see Entry 24.10). 
Postnatally, radiographs, CT and MR imaging and bronchos-
copy are most helpful procedures to secure a specific diagnosis.

A N AT O M I C A L  E M B RY O L O G Y

The respiratory diverticulum forms as a proliferation and out-
pocketing of endoderm from the foregut. The diverticulum 
soon divides into right and left lung buds that form each lung 
by continued branching until all divisions of the lungs have 
formed, from main stem bronchi to alveolar sacs. Thus, all of 
the epithelial lining of the lungs, including type I and II alveo-
lar cells, are derived from foregut endoderm. Connective tis-
sue, including cartilage in the trachea and bronchi, is derived 
from mesenchyme adjacent to the endoderm. Thus, induction 
and differentiation of the lungs represents an example of an 
epithelial-mesenchymal interaction.

The larynx forms from mesenchyme derived from the 
fourth and sixth pharyngeal arches. These arches give rise 

to the laryngeal cartilages. Muscles for these cartilages are 
derived from somitomeres (paraxial mesoderm in the cranial 
region) that migrate to the fourth and sixth arches. Laryngeal 
epithelium is derived from foregut endoderm, and it rapidly 
proliferates until the lumen is occluded. Later, remodeling by 
vacuolization occurs, creating a pair of lateral recesses, the 
laryngeal ventricles. Folds of tissue around these recesses dif-
ferentiate into the false and true vocal cords.

M O L E C U L A R  E M B RY O L O G Y

Development of the lungs is orchestrated through sequential 
signaling between the epithelium and mesenchyme.5 Wnt2a 
and Wnt2b expressed in the ventral foregut mesenchyme sig-
nal through CTNNB1 in the foregut endoderm to activate 
Nkx2.1, a marker of the primary lung field. Similarly, FGF10 
secreted from the mesenchyme signals through FGFR2b in the 
foregut endoderm at the site of lung bud formation. Together 
these signals are required for establishment of the lung field 
and initial lung bud formation. Elongation of the buds into 
epithelial tubes requires BMP4 signaling. Shh expression in the 
ventral foregut and tracheal diverticulum promotes mesenchy-
mal proliferation and ductal branching. Both BMP4 and SHH 
signaling are required for growth of the trachea and formation 
of the tracheoesophageal septum.
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24.1 BifiD epigLoTTis

Definition: Division of the epiglottis into two distinct cartilaginous halves with a midline cleft extending at least two-thirds of 
its length.

ICD9/ICD10: 748.3/Q31.8 Syndrome Associations (Appendix)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Hirschsprung disease-heart defects-laryngeal 
anomalies-preaxial polydactyly
Hypothyroidism-spiky hair-cleft palate (FOXE1)
Joubert (INPP5E, TMEM216, AHI1, NPHP1, 
CEP290, TMEM67, RPGRIP1L, ARL13B, CC2D2A, 
CXORF5, TTC21B, KIF7, TCTN1, TMEM237, CEP41, 
TMEM138, C5ORF42, TCTN3, ZNF423, TMEM231, 
CSPP1, PDE6D)
McKusick-Kaufman (MKKS)
Pallister-Hall (GLI3)
Weyers acrofacial dysostosis (EVC, EVC2)

Birth prevalence: very rare

Associated anomalies: cardiac, GI and GU defects, facial 
clefting, hypothalamus/hypopituitary lesions

Laboratory studies: radiographs, endocrine studies, 
cranial MRI

Prenatal diagnosis: none

Cause: sporadic, Mendelian

Infants with a bifid epiglottis often present in the neonatal 
period or early infancy with stridor aspiration and feeding 
difficulties.1-4 With the division of the epiglottis, one or both 
halves may be drawn into the glottic inlet with inspiration, 
causing the upper airway symptoms. Some cases, however, are 
asymptomatic.2 The diagnosis is made by direct laryngoscopy 
(Fig. 24.1.1). In a review of 472 children with symptoms of 
upper airway obstruction that had direct laryngoscopy, four 
cases of bifid epiglottis were found.5 Minor anatomical vari-
ants, including notching, midline indentation and a submuco-
sal bifid appearance, are much more frequent but are also more 
likely to be asymptomatic.

Bifid epiglottis is rare, with less than 50 cases reported in 
the literature.1,3,5 In a review of 21 cases, Stroh et al. reported 
13 males and 8 females of various racial backgrounds, primar-
ily Caucasian (90 percent), although ascertainment bias may 

account for this skewing.1, 5-11 Bifid epiglottis can occur as an 
isolated finding but is more commonly associated with other 
anomalies. The most common association is digital anomalies, 
specifically polydactyly.1,3-5 In their review of bifid epiglot-
tis, Stevens and Ledbetter reported digital abnormalities in 
20/23 patients, 17 of whom had polydactyly.3 Bifid epiglottis 
has been described in individuals with ciliopathies (which can 
include polydactyly as well as anomalies affecting other organ 
systems).8,12 The second most common association is hypo-
thalamic hamartoma and/or hypopituitarism, reflecting the 
close relationship between bifid epiglottis and Pallister-Hall 
syndrome.1,3,5 Stroh et al. estimated that approximately 50 per-
cent of cases of bifid epiglottis will have hypothalamic ham-
artoma and/or hypopituitarism.1 Other associated anomalies 
include those of the head and neck, gastrointestinal tract, geni-
tourinary tract, endocrine system, cardiovascular system, and 
musculoskeletal system.1,4 Fifty percent of patients with bifid 
epiglottis have a severe central nervous system lesion, and 
therefore magnetic resonance imaging of the brain and endo-
crine evaluation are important.1

The etiology for bifid epiglottis is uncertain. The devel-
opmental timeframe for the epiglottis coincides with that of 
the hand, hypothalamus, larynx, and oral cavity, providing 
a potentially unifying mechanism. GLI3 mutations causing 
Pallister-Hall syndrome have been shown to affect laryngeal 
development.2,3,10 However, GLI3 mutations causing Greig 
cephalopolysyndactyly syndrome have never been reported 
with bifid epiglottis.3 Mutations in TTF-2/FOXE1 cause 
Bamforth-Lazarus syndrome and has been linked to thy-
roid and laryngeal development, especially through a mouse 
model.11

Treatment: Treatment of bifid epiglottis is dependent on the 
degree of symptomatology. If symptoms allow, conservative 
treatment is best as most individuals have symptom resolution 

Fig. 24.1.1 Bifid epiglottis in a patient with Bardet-Biedl syndrome. Courtesy of 
Drs. Cathy Stevens and Joel C. Ledbetter, T.C. Thompson Children’s Hospital, 
Chattanooga, TN.



T h e  L o w e r  r e s p i r aT o r y   o r g a n s  |  661

with time.1,3,4 Symptoms can be severe at birth and cause neo-
natal asphyxia.1 Surgical interventions have included trache-
ostomy, CO2 laser treatment, suturing of the esophagus, and 
removal of the entire epiglottis. Multiple interventions may be 
necessary to control clinical manifestations.4
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24.2 LaryngeaL aTresia, weB, anD sTenosis

Definition: Hypoplasia or arrested development of the larynx resulting in various degrees of supraglottic, glottic, and/or 
subglottic obstruction.

ICD9/ICD10: 748.2/Q31 Syndrome Associations (Appendix)
Chondrodysplasia punctata (EBP)
Fraser (FRAS1, FREM2, GRIP1)
Frontometaphyseal dysplasia (FLNA)
Larsen (FLNB)
Orofaciodigital II
Orofaciodigital IV (TCTN3)
Pallister-Hall (GLI3)
Short rib-polydactyly II (NEK1, DYNC2K1)
Telecanthus-hypospadias (MID1)
Ulnar-Mammary (TBX3)
del 22q11.2
Trisomy 21

Birth prevalence: uncertain

Associated anomalies: cardiac, esophageal, other airway 
anomalies

Laboratory studies: radiographs, laryngoscopy

Prenatal diagnosis: ultrasonography in some cases, 
coupled with MRI

Cause: chromosomal, Mendelian

Together, laryngeal atresia, web, and stenosis are the most 
common causes of congenital high airway obstruction syn-
drome (CHAOS), a term used to encompass all prenatally 
developing anatomic defects that cause complete or partial 
obstruction of the fetal airway.1 Symptoms of laryngeal atresia, 
web, or stenosis following birth include stridor, dyspnea, and 
labored breathing.2,3 Cyanotic spells, positional changes in 
respiratory effort, and feeding difficulty may also occur. These 
can develop over time within the first few months of life, 
especially if a child contracts a respiratory illness. Recurrent 
“croup-like” episodes can be another presentation of later 
onset. Dysphonia and hoarseness can be present with laryn-
geal webs. Asymptomatic adults with minor webs have been 
identified during intubation.4 The overall severity of symp-
toms can vary based upon the degree of obstruction:  resis-
tance is proportional to the fourth power of the radius, such 
that a small change in airway radius can cause significant 
increase in airway resistance.5

Laryngeal atresia appears to be the most common cause of 
CHAOS.6 The atresia classification by Smith and Bain includes 
three main categories:

Type I—complete laryngeal atresia with midline fusion of 
the arytenoids cartilage and intrinsic muscles

Type II—infraglottic obstruction, with obstruction of the 
lumen by a dome-shaped cricoid cartilage

Type III—anterior fibrous membrane occlusion with 
arytenoid cartilage fusion at the level of the vocal 
processes.7

Males and females are equally affected.8 Most cases (espe-
cially types I and II) have other associated anomalies such as 
umbilical artery agenesis and limb, renal, and diaphragmatic 
defects.2,8 Laryngeal atresia can also occur in conjunction with 
esophageal atresia or tracheoesophageal fistula.
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Laryngeal atresia presents immediately upon delivery of 
the infant with severe respiratory distress and cyanosis, no 
audible cry, and inability to pass an endotracheal tube. If the 
infant can be successfully resuscitated by emergency tracheot-
omy, diagnosis can be confirmed by laryngoscopy augmented 
by computed tomography. Some infants can be ventilated by 
mask or esophageal intubation if a tracheoesophageal fistula 
is present.

The diagnosis of laryngeal atresia has been made prena-
tally by ultrasonography and is characterized by increased 
echogenicity of large lungs, inverted diaphragms, dilated tra-
chea, and ascites or other signs of fetal hydrops9-11 (Fig. 24.2.1). 
Marked immature amniotic fluid lung maturity studies have 
also been reported near term.12

Laryngeal webs are composed of abnormally thick, fibrous 
tissue. Two separate classifications have been proposed. 
Benjamin’s staging system is based on the location of the web-
bing (either glottic, supraglottic, subglottic, or interarytenoid), 
while Cohen’s system is based upon the degree of glottis that is 
involved.13,14 Fine-cut CT is the optimal imaging technique to 
define the extent of webbing, but direct visualization is the best 
method of evaluation.

Laryngeal webs, typically at the level of the glottis, pres-
ent with variable clinical severity depending on the degree of 
obstruction, including severe respiratory distress, inspiratory 
stridor, weak or hoarse voice or cry, and recurrent croup-like 
illness.15,16 Diagnosis can be suggested by a well-penetrated lat-
eral radiograph of the neck, but flexible laryngoscopy and/or 
rigid endoscopy of the airway are typically required. Barium 
swallow is used to differentiate laryngeal webs from other 
laryngeal defects including laryngeal clefts, tracheoesophageal 
fistula, or vascular rings. Cardiovascular anomalies are the 
most common other associated findings with laryngeal webs, 
and other findings occur in over 50 percent of cases.4

Congenital subglottic stenosis accounts for about 20 per-
cent of congenital laryngeal abnormalities and is the most 
common congenital indication for tracheostomy in infants. 
The Cotton-Myer system grades the degree of stenosis: Grade 
I—up to 50  percent obstruction; Grade II—51–70  percent 
obstruction; Grade III—more than 70 percent obstruction, but 
with some detectible lumen; Grade IV—no lumen.17 The sys-
tem also provides guidance for selection of the age-appropriate 
endotracheal tube for each grade of obstruction. The milder 
type is membranous, caused by submucosal hypertrophy and 
excess fibrous connective tissue. The more severe variant is car-
tilaginous, caused by abnormally shaped cricoid cartilage.2,3,18 
Symptoms vary with the degree of obstruction. Individuals 
may be asymptomatic and only incidentally found to accept 
a smaller than expected endotracheal tube placed for an unre-
lated procedure, or may have recurrent croup-like illnesses. 
Inspiratory and expiratory stridor and a weak cry may also 
suggest the diagnosis. The diagnosis may be suspected on a 
standard anterior-posterior view of the neck, although flexible 
or rigid laryngoscopy is required to fully evaluate the airway.

Laryngeal stenosis is the third most common overall laryn-
geal anomaly (15 percent) after laryngomalacia and vocal cord 
paralysis.3,5 It is defined as a diameter of less than 4 mm in the 
cricoid region in a full-term infant and less than 3 mm in a 

premature infant. It is the most common laryngeal anomaly 
necessitating tracheotomy in newborns. Laryngeal stenosis 
is much more commonly acquired than congenital, typically 
occurring after endotracheal intubation.18

Laryngeal webs and atresias account for approximately 
5 percent of laryngeal defects. The true incidence is not known. 

A

B

Fig. 24.2.1 Laryngeal atresia. A: Profile of 20 week gestation hydropic fetus with 
laryngeal atresia. B: Lung overgrowth associated with laryngeal atresia (top) 
compared to gestational age matched control. Note the scalloped edges from 
rib compression.
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Associated malformations of the upper and lower airways, 
esophagus, and other organ systems are common, especially 
in the more severe laryngeal lesions.7,19 Familial cases have 
been reported, typically in an autosomal dominant pattern.20,21 
Discordant monozygotic twins have also been reported.22 
McElhinney et al. reported a series of 25 patients with laryngeal 
webs and found deletions of chromosome 22q11.2 (DiGeorge 
critical region) in 7/12 that had cytogenetic analysis by fluo-
rescence in situ hybridization (FISH).22 They also reported 
associated cardiovascular anomalies in 9/25, most commonly 
involving the aortic arch.

Prenatal ultrasound can detect signs and symptoms of 
CHAOS.24 The obstruction causes accumulation of fetal lung 
fluid, which increases pressure and enlarges the airways and 
lungs as well as flattening or inverting the diaphragm. This 
subsequently compresses the heart and great veins, result-
ing in a small heart, decreased venous return, and secondary 
hydrops and ascites.1,2,24 Amniotic fluid levels are not a consis-
tent marker for CHAOS.24 Magnetic resonance imaging can be 
used to further detail the exact type of obstruction and is used 
to plan interventions.1,25

Treatment: CHAOS can have a lethal outcome, and inter-
vention can be necessary immediately at birth.25 The ex utero 
intrapartum treatment (EXIT) procedure was developed for 
this situation and was first reported in 1998.1 In the EXIT 
procedure, the baby’s head and shoulders are delivered by cae-
sarian section, but the fetomaternal circulation is left intact 
for approximately 60 minutes. During this time an airway is 
established by intubation or tracheostomy before the baby is 
finally completely delivered. If a baby is being followed in utero 
for potential EXIT procedure treatment, symptom resolution 
can be seen if a trachea-esophageal or a trachea-laryngeal fis-
tula develops. These other malformations would then also be 
addressed appropriately. Tracheal replacement can be done 
using allografts, prosthetic materials, autologous tissue, or 
some combination of these. The proper timing for reconstruc-
tion and long-term prognosis of the procedure is unclear.26

Treatment for laryngeal webbing depends on the extent of 
involvement. The traditional approach has been laryngotracheal 
reconstruction with rib cartilage graft and stenting. Thin webs 
can be removed endoscopically with cold knife or laser. Simple 
transection can cause residual fibrosis and granulation tissue 
accumulation, and newer techniques are being developed.2,3 
Antireflux medications, antibiotics, steroids, mitomycin-C, and 
humidification can facilitate and speed healing.4

Congenital subglottic stenosis can resolve spontaneously 
with growth. More severe cases may require endotracheal 
intubation or tracheostomy. Laryngotracheoplasty can also be 
done using cartilage graft.2,3

Prognosis: Congenital high airway obstruction (CHAOS) 
due to laryngeal atresia is commonly lethal due to inability 
to establish an airway and associated defects. A small patent 

pharyngoglottic duct or tracheoesophageal fistula may allow 
ventilation until definitive measures to establish an airway can 
be taken.27
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24.3 LaryngeaL CLefT

(Laryngotracheoesophageal Cleft)

Definition: A cleft, usually in the posterior larynx which communicates with the pharynx, due to deficiency of the 
interarytenoid musculature. More extensive clefts involve cricoid lamina and the membranous trachea.

ICD9/ICD10: 748.385/Q31.9, Q32.1, Q39.9 Syndrome Associations (Appendix)
Acrofacial dysostosis (SF3B4)
Chondrodysplasia punctata, rhizomelic type (EBP)
Fraser (FRAS1, GRIP1, FREM2)
Frontometaphyseal dysplasia (FLNA)
Hirschsprung disease-heart defects-laryngeal 
anomalies-preaxial polydactyly
Larsen (FLNB)
Laryngeal atresia-encephalocele-limb anomalies
Marshall-Smith
Orofaciodigital, type IV (TCTN3)
Orofaciodigital, type II
Pallister-Hall (GLI3)
Robin sequence-cleft mandible-limb anomalies
Short rib polydactyly, type II (NEK1, DYNC2K1)
Telecanthus-hypospadias (MID1)
Ulnar-Mammary (TBX3)
Trisomy 21
del 22q11.2
Mosaic del 13q

Birth prevalence: 1/10,000–1/20,000

Associated anomalies: gastrointestinal genitourinary and 
cardiac defects

Laboratory studies: direct laryngoscopy

Prenatal diagnosis: none

Cause: chromosomal, Mendelian

The extent of the laryngeal cleft determines the severity 
of presenting clinical findings. Ventral laryngeal clefts are 
extremely rare, with less than five reports in the literature, and 
are excluded from this discussion. Posterior laryngeal clefts 
are commonly classified according to the scheme set forth by 
Benjamin and Inglis as modified by Sandu and Monnier:1,2

Type 0: Submucosal cleft

Type I: Supraglottic interarytenoid cleft above the 
vocal cords

Type II: Partial cricoid cleft extending below the 
vocal cords

Type IIIa: Complete cricoid cleft, but not extending into 
the cervical trachea

Type IIIb: Complete cricoid cleft extending into trachea

Type IV: Complete cleft extending into thoracic trachea

Based upon the type of laryngeal cleft, clinical signs and symp-
toms vary but generally involve pulmonary and gastrointestinal 
manifestations. In Type 0, most individuals are asymptomatic 
but may have occasional aspiration. They may be diagnosed 
unexpectedly during endoscopy or intubation for unrelated 

reasons.3 Type I laryngeal cleft can present with mild or mod-
erate symptoms including stridor, hoarse or husky cry, and dif-
ficulty swallowing.3,4 More severe symptoms are possible but 
not routine, and pulmonary function is typically unaffected. 
Types II and III may manifest with more significant swallow-
ing problems and recurrent pulmonary tract infections. More 
critical problems are present in Types III and IV, and these 
cases are more likely to be detected in the first days of life. Type 
IV in particular usually requires critical intervention and has a 
poorer prognosis. Symptoms are best envisioned as occurring 
on a continuum based on the severity of cleft rather than on 
rigid classification. Clinical presentation is also closely related 
to the combination of cleft severity and any other congenital 
defects that may be present.3,5-7

Standard chest radiographs and CT are not critical parts 
of the characterization of laryngeal cleft, although radio-
graphs can show some evidence of chronic aspiration.3,7 
Modified barium swallow study can help locate the cleft but 
involves radiation exposure and can be falsely normal or sug-
gest incorrect diagnoses. The most diagnostic investigation is 
direct laryngoscopy with palpation of the posterior larynx to 
determine the extent of cleft. Patients may benefit from oto-
laryngologic, gastroenterologic, and pulmonologic exami-
nation during the same procedure, and this will allow for 
multidisciplinary care.7
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As many as two-thirds of patients with laryngeal clefts have 
other malformations.3,5,7 The most common association is gas-
trointestinal malformations (16–67 percent) including esopha-
geal atresia (20–37  percent), microgastria, tracheoesophageal 
fistula (10–20  percent), imperforate anus (21  percent), and 
malrotation (13  percent). Next most common are renal and 
genitourinary anomalies (14–44  percent) including hypospa-
dias (7–13  percent) and kidney malformations (4  percent). 
Other abnormalities include cardiac (16–33 percent), craniofa-
cial (5–15 percent), and pulmonary (2–9 percent).3,5-7 The four 
most common syndromes or conditions associated with laryn-
geal clefts are Opitz G/BBB syndrome, Pallister-Hall syndrome, 
CHARGE syndrome, and VACTERL association. In one case 
series, 26 percent of patients with laryngeal clefts were diagnosed 
with one of these conditions.6 Patients with 22q11.2 microdele-
tion syndrome have also been reported with laryngeal cleft.

Because of the associated malformations and more com-
mon syndromes with laryngeal clefts as a feature, some stan-
dard workup should be performed in all cases. This includes 
genetic evaluation with karyotype, cardiac and renal ultra-
sounds, spine radiographs, hearing screen, and possibly tho-
racoabdominal CT.3,7 Differential diagnoses for laryngeal 
cleft include laryngomalacia, tracheobronchomalacia, gastro-
esophageal reflux, reactive airway disease, and neuromuscular 
swallowing disorders. If any of these diagnoses are suspected, 
laryngeal clefts should be considered as well.

The majority of nonsyndromal laryngeal clefts are spo-
radic, but some familial cases suggesting autosomal dominant 
inheritance have been reported.8-11 A  slight male predomi-
nance has been noted.3.7

Treatment: Medical management can be used in less severe 
types of laryngeal clefts and aims to maintain optimal respira-
tion, prevent recurrent pneumonia, and maximize nutrition. 
This can include antireflux treatment, feeding therapy, and 
food thickening.3,7 With time, medical management is aided 
by patient growth and conditioning and can be sufficient in 
some cases.

In cases where medical management fails and in those with 
more severe clefts, surgery is required. Surgery can be per-
formed endoscopically or by open technique.7 Complications 
include the risk for postoperative tracheoesophageal fistula, 

gastric acid irritation to operative site, and difficulty with air-
way management during surgery. Multiple surgery attempts 
can cause residual tracheomalacia.4,12.13 Surgery for Type IV 
laryngeal clefts has especially high morbidity and mortality.9 
Overall mortality rates for laryngeal clefts have decreased 
from 46 percent in 1983 to 6–25 percent more recently, and 
the mortality for Type III has fallen from 93 percent in 1985 to 
50 percent.3 Postoperative management is aided by the use of 
antireflux therapy, antibiotics, ECMO, and modified enteral or 
parenteral nutrition.

Prognosis: Advances in diagnosis, anesthesia, and surgical 
techniques have lowered the mortality rate to 10–15 percent 
overall. However, it is important to note that many patients 
with poor outcomes suffer morbidity and mortality related to 
causes not attributable to the airway cleft.14
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24.4 aBsenT TraChea

(Tracheal Agenesis, Tracheal Aplasia)

Definition: Complete or partial absence of all or most of the trachea between the larynx and mainstem bronchi.

ICD9/ICD10: 748.33/Q32.1 Syndrome Associations (Appendix)
Fraser (FRAS1, GRIP1, FREM2)
TACRD
VACTERL
del 5q11.2

Birth prevalence: <1/50,000

Associated anomalies: cardiovascular, gastrointestinal, 
genitourinary

Laboratory studies: radiographs, MRI, CT

Prenatal diagnosis: ultrasonography not reliable

Cause: unknown, rarely chromosomal, Mendelian

Absence of the trachea presents at birth with respiratory dis-
tress and absence of audible cry.1-3 Polyhydramnios, often 
leading to premature delivery, complicates approximately 
50 percent of cases of tracheal agenesis.2 Endotracheal intuba-
tion is impossible, although esophageal intubation may pro-
vide some respiratory support via a distal tracheoesophageal 
fistula (TEF). Contrast radiographic studies and computed 
tomography may be helpful in the diagnosis if the infant’s 
respiratory status is stabilized. Laryngoscopy and esophagos-
copy can be used to confirm the diagnosis.

Absence of the trachea has been classified into three ana-
tomic types:1,4

Type I: Absence of the proximal trachea with a normal 
short segment of distal trachea and a TEF.

Type II: Absence of the entire trachea with normal main 
stem bronchi fused in the midline at the carina. There is 
often a fistula between the carina and the esophagus.

Type III: Absence of the trachea and carina with 
the mainstem bronchi arising separately from the 
esophagus.1,2

The relative frequencies of the three types are 13 percent, 
65 percent, and 22 percent, respectively.5 Over 100 cases have 
been reported.1,2,6 TEF coexists in nearly all cases.

In 90 to 95 percent of cases, tracheal agenesis is associ-
ated with other malformations.1,6,7 Cardiovascular, gastroin-
testinal, and genitourinary malformations are most common. 
Although there is some overlap with malformations included 
in the VACTERL association, Evans and colleagues have 
noted a distinct difference in the nature and frequency of 
the associated malformations and concluded that tracheal 
agenesis is separate entity based on these clinical findings.6,8 
Analysis of 86 cases of tracheal agenesis with associated mal-
formations suggested four consistent subgroups: (1) anoma-
lies primarily confined to the thorax including cardiovascular 
and laryngeal defects and rare unilateral limb and renal 
defects; (2)  complex congenital heart defects and abnormal 
lung lobation; (3)  cardiac and caudal anomalies including 

imperforate anus, rectal fistula, renal, bladder, and genital 
defects; and (4) similar to group (3) but with more frequent 
cardiac and foregut defects. A male excess was noted in the 
first three groups, while an equal sex ratio characterized the 
fourth group.6

Only rarely have chromosomal or single gene mutations 
been identified as contributing to the development of tracheal 
agenesis in humans, and small studies have not detected com-
mon microdeletions or microduplications.3,9 No familial cases 
are recorded, although a woman with tetralogy of Fallot and 
absent pulmonary valve gave birth to a female infant with a 
similar heart defect associated with tracheal agenesis.10 The 
pathogenesis is unknown, but Evans et  al. suggested a dis-
turbance of epithelial-mesenchymal interaction as poten-
tial explanations for absent trachea and common associated 
defects.6 Animal models with absent trachea have been associ-
ated with genetic defects including conditional inactivation of 
Gli2, Gli3, Shh, Foxf1, and β–catenin.9,11 No mutations in the 
human analogs of these genes have been noted. Environmental 
agents have been suggested as a potential cause.6 Because of 
associations with other anomalies, genetic testing for absent 
trachea should generally include chromosome analysis and 
genomic microarray.

Prenatal diagnosis is difficult because when TEF is pres-
ent, the airways decompress through the fistula and leave few 
obvious prenatal abnormalities. If absent trachea is present 
without TEF, symptoms of congenital high airway obstruction 
syndrome (distended airway, small heart, hydrops, and ascites) 
can develop. Even if polyhydramnios develops, it is a nonspe-
cific finding with a large list of potential causes. The presence 
of multiple congenital anomalies and single umbilical artery 
have been suggested as reasons to consider absent trachea in 
differential diagnoses prenatally.2

Treatment: Ventilation can be achieved if a TEF is present by 
esophageal intubation, as pressure will build in the stomach and 
cause air to be channeled to the lungs.1,3 If prenatally detected, 
ex utero intrapartum therapy (maintaining maternal-fetal cir-
culation temporarily after cesarean section delivery) can allow 
for ultrasound imaging to delineate the extent of tracheal 
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agenesis and plan intervention.12 However, surgical interven-
tion is generally experimental and palliative. Substituting the 
esophagus for the trachea creates problems for salivary drain-
age and feeding. The esophagus, and any synthetic materials 
developed thus far, cannot simulate and tolerate normal pres-
sure changes needed for proper ventilation. Extracorporeal 
membrane oxygenation can temporarily replace ventilation.

Prognosis: The prognosis for absent trachea is poor, and most 
affected children die within days. Complete tracheal agenesis 
remains a lethal condition.1,6 Survival to mid-childhood has 
been reported.3,13 No suitable autologous, homologous, or arti-
ficial tissue replacement has been successful for long segment 
tracheal agenesis, although this is an active area of research.15,16
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24.5 TraCheaL sTenosis

Definition: Fixed intrinsic narrowing of the trachea.

ICD9/ICD10: 748.3/Q32.1 Syndrome Associations (Appendix)
Anterior chamber cleavage-cerebellar 
hypoplasia-hypothyroidism-tracheal stenosis
Conradi-Hünermann (EBP)
Frontometaphyseal dysplasia (FLNA)
Goldenhar
Geleophysic dysplasia (ADAMTSL2)
Hydrolethalus (HYLS1, KIF7)
Laryngotracheal stenosis-short stature-arthropathy
Larsen (FLNB)
Oral-Facial-Digital, type II
Telecanthus-hypospadias (MID1)
Thoracolaryngopelvic dysplasia
Toriello-Carey
VACTERL
Mosaic del 13q
Trisomy 21

Birth prevalence: 1/65,000

Associated anomalies: cardiovascular malformation and 
other pulmonary anomalies

Laboratory studies: virtual bronchoscopy via CT 
reconstruction, EKG

Prenatal diagnosis: none

Cause: chromosomal, Mendelian

The severity of symptoms of congenital tracheal stenosis can 
be divided into three main categories.1-5 Some cases may be 
asymptomatic or cause only minimal clinical manifestations. 
In these cases, diagnoses can be incidental and not made until 
late childhood or early adolescence. Individuals may have some 
wheezing or dyspnea with exertion, which is often incorrectly 

attributed to conditions such as asthma. At the other extreme 
is the group of patients with early, severe symptoms. These can 
include respiratory difficulty, stridor, and wheezing soon after 
birth. Later they are at risk for frequent respiratory infections, 
recurrent croup, cyanotic spells, and coarse cough. Mortality 
approaches 100 percent for this group; emergency surgery is 
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typically necessary. The third category includes those with late 
symptoms, which usually present near the end of the first year 
of life. Wheezing, shortness of breath, and retractions are typi-
cal.3 Patients may hyperextend their neck to stent their trachea 
open. A  minor viral respiratory infection can increase mor-
tality by 20  percent. Based on the variability of presentation 
and prospect of worsening, management of this group is most 
controversial.3,4

First described by Gregor in 1899, the most common cause 
of tracheal stenosis is complete tracheal cartilage rings, which 
result in the absence of the membranous trachea.3,4,6,7 The tra-
cheal mucosa, submucosal glands, and surrounding tissue can 
be thickened and further constrict the airway.

The gold standard for diagnosis of congenital tracheal ste-
nosis has been rigid bronchoscopy.3,7 Advances in imaging tech-
nology have shown computed tomography (CT)—especially 
spiral CT with multiple detectors and three-dimensional 
image reconstruction—to be extremely useful by serving as 
virtual bronchoscopy. This is especially important since bron-
choscopy has the potential to cause further airway edema and 
worsen the patient’s clinical condition. Magnetic resonance 
imaging can help evaluate for other malformations, and echo-
cardiogram should be performed in all cases of congenital 
tracheal stenosis. Simple chest radiography can provide initial 
clues that may first suggest congenital tracheal stenosis as the 
diagnosis.

The first classification system was proposed in 1964 by 
Cantrell and Guild:8

Type I: Generalized hypoplasia of the trachea with normal 
larynx.

Type II: Funnel-like stenosis with normal subglottic 
tracheal diameter. The tapered narrowing typically 
involves over half of the trachea.

Type III: Segmental stenosis with an hourglass-like 
appearance. The stenotic segment is of variable length but 
is usually found in the lower half of the trachea.3,4,7,9

Type II appears to be most common, comprising approxi-
mately 50  percent of cases.3 Other classifications have been 
proposed based on severity (mild, moderate, severe) and func-
tionality, and these are useful for therapeutic planning and 
outcome management.10

Tracheal stenosis is a rare malformation, and there are no 
clear epidemiological data available. No gender or racial pre-
ponderance is known. Tracheal stenosis is usually sporadic, 
but one pair of monozygotic twin females has been reported.11

Tracheal stenosis is usually associated with other anoma-
lies, with only 10 to 25 percent of cases representing isolated 
anomalies.3 The most common associated findings are car-
diovascular malformations.3,5,7,12 These are present in approxi-
mately 50  percent of patients. Among these, left pulmonary 
artery sling is the most frequently associated finding; 50 per-
cent of cases of pulmonary artery sling have tracheal steno-
sis. Other anomalies associated with tracheal stenosis involve 
the  pulmonary, gastrointestinal, renal, and skeletal systems. 
The most common other tracheobronchial anomalies include 

the tracheal bronchus (right upper lobe bronchus originating 
from trachea) and right bridging bronchus (right lower lobe 
bronchus originating from left main bronchus).13 Other pul-
monary anomalies include pulmonary hypoplasia and tra-
cheoesophageal fistula. The presence and severity of other 
findings alter the overall morbidity and mortality in patients 
with congenital tracheal stenosis and can make the initial diag-
nosis more difficult.7

The embryological cause of congenital tracheal stenosis is 
unclear. Rat models using adriamycin and deficiency of vita-
min A have been used to study foregut anomalies. The molecu-
lar signaling present in foregut differentiation has been shown 
to involve Sonic hedgehog (SHH) and SOX9, especially in tra-
cheal ring cartilage patterning and formation. Shh expression 
is altered in adriamycin-treated mouse embryos. Several fibro-
blast growth factors (FGF7, FGF10, FGF18) have also been 
shown to be important in pulmonary development.3

Treatment and Prognosis: Treatment for congenital tra-
cheal stenosis is based upon the type and severity of lesion.9,12-14 
Especially important factors include the narrowness and 
extent of involvement of the trachea, involvement of bronchi, 
and presence of complete tracheal rings. In general, children 
can tolerate up to a 50 percent narrowing of the trachea before 
severe symptoms present.7 With less severe symptoms, children 
with congenital tracheal stenosis may be monitored clinically, 
as their tracheal growth pattern has been shown to be faster 
than the normal population until age seven or eight years. This 
“catch-up growth” may alleviate the need for surgery.3,7

When congenital tracheal stenosis involves less than 
one-third of the trachea, resection and re-anastomosis can 
be performed. Other approaches for this situation include 
balloon dilation and posterior lasering of complete tracheal 
rings. For more extensive lesions, tracheal grafts have been 
attempted in the past with suboptimal results. Slide tracheo-
plasty was introduced in the late 1980s and has become the 
most generally accepted method to repair long segment 
congenital tracheal stenosis. In this method, the trachea is 
divided at the middle of the stenotic portion, the two seg-
ments are spatulated, and then the segments are slid over 
each other and sutured.7,13 This allows for increased airway 
caliber without extensive mobilization and minimal tension 
on the repair. Stenting is important after surgery to allow for 
stability during healing. Cardiopulmonary bypass and post-
operative steroid treatment can also be used.3 Complications 
include granulation tissue formation, development of tra-
cheomalacia, and infection. Restenosis can occur, especially 
after larger repairs. If other malformations are present, con-
comitant surgical repair may be necessary.
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24.6 CongeniTaL TraCheaL CarTiLaginoUs sLeeVe

(Stovepipe Trachea, Pipe-Stem Trachea)

Definition: Replacement of discrete tracheal rings with an uninterrupted cartilaginous cylinder secondary to vertical fusion 
of the tracheal cartilages.

ICD9/ICD10: 750.3/Q32.1 Syndrome Associations (Appendix)
Apert (FGFR2)
Crouzon (FGFR2)
Goldenhar
Pfeiffer (FGFR1, FGFR2)
Saethre-Chotzen (TWIST)

Birth prevalence: very rare

Associated anomalies: craniosynostosis, skeletal 
anomalies

Laboratory studies: gene sequencing

Prenatal diagnosis: none

Cause: Mendelian

Clinical findings in patients with tracheal cartilaginous sleeve 
include increased mucous production, cough, croup-like 
episodes, and increased respiratory infections. As the signs 
and symptoms are nonspecific, the diagnosis of tracheal car-
tilaginous sleeve is usually not suspected. Although the dis-
turbances of rhythmic air movement and impaired clearance 
of secretions may be attributed to the rigid tracheal sleeve, 
symptoms are often compounded by coexisting upper airway 
abnormalities. These can include midface hypoplasia, choanal 
stenosis, and narrow nasal passages. Affected individuals typi-
cally have additional malformations (most notably craniosyn-
ostosis syndromes) with associated symptomatic upper airway 
anomalies.1-3

Tracheal cartilaginous sleeve is a rare lesion, with less than 
50 cases reported. With few exceptions it is associated with the 
craniosynostosis syndromes. Patients with clinical findings 
of Crouzon, Pfeiffer, Apert, and Saethre-Chotzen syndromes 
have been reported, although some patients have atypical find-
ings and the absence of expected gene mutations.1,2,4-7

The diagnosis can be suspected at bronchoscopy with the 
finding of a smooth tracheal surface or at the time of trache-
ostomy. However, the diagnosis has often been made only at 
autopsy.2,3 Although the specific pathogenesis is unknown, 
there is presumably a common mechanism that leads to fusion 
of tracheal cartilage, fusion of cranial sutures, and fusion 
across other joints with preformed cartilage in the craniosyn-
ostosis syndromes.

Treatment: Management may involve tracheostomy. Most 
of the patients have respiratory symptoms, for the most part 
attributable to the upper respiratory tract. Aggressive treat-
ment of respiratory infections and secretions is required in 
these patients.2

Prognosis: Tracheostomy for the upper airway obstruction 
or associated tracheal stenosis has lessened morbidity and 
increased survival.1 Nonetheless, a high mortality rate has 
been recorded with death before age two years in 13 of the 21 
cases reviewed by Lertsburapa et al.1 Long-term survival has 
been reported in few cases.2-4
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24.7 TraCheoesophageaL fisTULa

Definition: A fistulous communication between the trachea and the esophagus.

ICD9/ICD10: 750.32/Q32.1 Syndrome Associations (Appendix)
CHARGE (CHD7)
Dyskeratosis congenita (DKC1, TERT, TINF2, RTEL1, 
NOLA1, NOLA2, TCAB1)
Feingold (NMYC)
VACTERL
Trisomies 18, 21
del 16q24.1
del 17q22q23.3
del 20q13.33

Birth prevalence: 1/3,500

Associated anomalies: esophageal atresia, cardiac, 
vertebral, radial and rib anomalies

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, chromosomal, Mendelian

Tracheoesophageal fistula (TEF) typically presents with the 
triad of respiratory distress, choking with attempted feeding, 
and inability to swallow saliva in the initial hours of life. The 
diagnosis is confirmed by failure to pass a nasogastric tube 
beyond 10  cm from the lips.1,2 A  chest radiograph with the 
nasogastric tube in place will confirm arrest of the tube in the 
superior mediastinum (T2–T4).

The various configurations of TEF, which is frequently 
accompanied by esophageal atresia, are shown in Figure 
24.7.1. The rare H-type fistula, in which esophageal continuity 
is intact, poses particular difficulty in identification. The diag-
nosis is usually delayed and may be missed on contrast studies 
and endoscopy. Recurrent episodes of coughing during feed-
ing, abdominal distension, pneumonia, and cyanosis are typi-
cal findings in H-type TEF.

Associated anomalies occur in half of cases.3-5 Cardiac 
malformations are the most common, especially ventriculo-
septal defects and tetralogy of Fallot. Other anomalies of the 
gastrointestinal system (imperforate anus, duodenal atresia), 
genitourinary system defects (renal agenesis), and skeletal 
anomalies (vertebral segmentation defects, radial aplasia) fol-
low in frequency. In some cases the composite of malforma-
tions and other features constitute well-recognized syndromes 
with known causation (e.g., CHARGE syndrome or Feingold 
syndrome) as well as recognizable entities without known 

causation (e.g., VACTERL association). Trisomy 18 is the most 
common chromosomal cause.5 A small proportion of patients 
with associated malformations will have pathogenic copy 
number variants.5-7

Prenatal diagnosis may be suspected in the presence of 
polyhydramnios and the appearance of a small or absent stom-
ach on prenatal imaging, but the combination of these two 
findings has low predictive value. The birth weight is typically 
below 2 kg.

Treatment: All types of TEF require surgical repair. With 
improved surgical techniques and neonatal intensive care, 
survival of all infants should be anticipated unless other 
life-threatening anomalies or extreme prematurity are present.1

Prognosis: Many short-term and long-term respiratory 
complications have been noted in the postsurgical years.1,6,8 
The fistula may recur in up to 10 percent of cases during the 
first several years of life. Aspiration pneumonia and bronchi-
tis recur in most infants in early childhood but become less 
frequent with age. Bronchiolitis and diminished lung func-
tion affect a minority. Tracheomalacia, although present in 
almost all infants, is clinically significant in less than 20 per-
cent. Complications related to associated anomalies contribute 
additional morbidity.

Fig. 24.7.1 Schematics of various types of esophageal atresia (EA) and/or tracheoesophageal fistula (TEF). A: EA without TEF. B: EA with proximal TEF. C: EA with 
distal TEF. D: EA with proximal and distal TEF. E: TEF without EA.
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24.8 pULmonary agenesis/apLasia

Definition: Unilateral or bilateral absence of the bronchus, pulmonary parenchyma, and pulmonary vasculature. Pulmonary 
aplasia is considered in the same spectrum and differs only in the presence of a tracheal or bronchial stump.

ICD9/ICD10: 748.5/Q33.3, Q34.9 Syndrome Associations (Appendix)
Fryns
Goldenhar
Hydrolethalus (HYLS1, KIF7)
Matthew-Wood (STRA6)
Pallister-Hall (GLI3)
Smith-Lemli-Opitz (DHCR7)
Tetra-amelia with pulmonary hypoplasia
VACTERL
del 22q11.2

Birth prevalence: 1/10,000–1/20,000

Associated anomalies: cardiac, gastrointestinal, 
genitourinary, skeletal

Laboratory studies: radiographs, chest CT/MRI, 
echocardiogram

Prenatal diagnosis: ultrasonography confirmed by MRI 
and color Doppler

Cause: sporadic, Mendelian, rarely chromosomal

Bilateral pulmonary agenesis is a uniformly lethal malfor-
mation with death in utero or in the initial hours of life (Fig. 
24.8.1).1,2 Few cases have been reported, and the differential 
prenatal diagnosis includes diaphragmatic hernia, cystic 
ademonatoid malformation, and pulmonary sequestration. 
Recessive inheritance of a nonsyndromal form has been 
reported.3

Unilateral pulmonary agenesis carries a quite different 
prognosis, with perhaps as many as 30 percent of cases remain-
ing asymptomatic throughout life.4 Some present as neonatal 
emergencies with respiratory distress and cyanosis. Findings 
on examination may be subtle, with decreased breath sounds 
on one side and the cardiac impulse shifted to the affected 
side. Other cases are identified later in childhood because of 
recurrent episodes of wheezing, cough, dyspnea, and respira-
tory infections.5,6 The affected hemithorax may be opacified 
on radiographs or may show partial aeration due to shift of 
the normal lung and mediastinal contents. Further evaluation 
could include computed tomography, echocardiography or 
angiography demonstrating absence of ipsilateral pulmonary 
artery, and bronchoscopy.

Pulmonary agenesis may occur as an isolated find-
ing but more commonly occurs in association with other 
malformations.6-10 Cardiac, gastrointestinal, and skeletal 
anomalies are each found in 10 to 15  percent of cases. 
Craniofacial, genitourinary, and other vascular anomalies 

are only slightly less frequent. Right-sided pulmonary agen-
esis is the more serious of the two options because of its 
more frequent association with other malformations, par-
ticularly those of the cardiovascular system. The airway and 
great vessels are also more distorted in right pulmonary 
agenesis. In some cases the constellation of malformations 
constitutes recognizable syndromes or conditions—Fryns 
syndrome, Matthew-Wood syndrome, and VACTERL asso-
ciation being especially notable.11-13 Chromosomal causes 
are rarely identified. Recurrences in siblings have been 
reported.14,15

Prenatal diagnosis is complicated by the existence of other 
thoracic anomalies that may cause loss of lung volume; mag-
netic resonance imaging may be helpful.2,3,16,17 Demonstration 
of the absence of the pulmonary artery by Doppler echocar-
diography is diagnostic.

Treatment: In the absence of other anomalies, medical man-
agement of respiratory symptoms generally suffices.4,18 Surgery 
is indicated for certain coexisting cardiovascular, gastrointesti-
nal, and other malformations.

Prognosis: Bilateral pulmonary agenesis is lethal. Unilateral 
pulmonary agenesis may remain asymptomatic through-
out life.4 More commonly, recurrent respiratory symptoms 
occur and associated malformations may require treatment. 
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Although growth of the unaffected lung may compensate for 
the loss of lung volume, progressive inadequacy of lung func-
tion can occur. Pulmonary hypertension is an additional com-
plication in many cases. For unilateral or less severe cases, 
the mortality rate is 50  percent in the first year and may be 

associated with the presence of additional anomalies.19 Late 
presentations and deaths in adults from related and unrelated 
causes are recognized. Management and treatment of the pul-
monary complications, including pulmonary hypertension, is 
supportive.20

A

 

B

C

Fig. 24.8.1 Pulmonary agenesis. A: 31 week gestation female infant with Matthew-Wood syndrome. Note bilateral microphthalmia and thoracic hypoplasia. 
B: Note extremely small thoracic cavity, elevated diaphragms, absent lungs, and large, globular heart with a single midline great artery (aorta). C: Note tracheal 
agenesis (long arrow) and empty pleural cavity (short arrow).
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24.9 primary pULmonary hypopLasia

Definition: Underdevelopment of the pulmonary parenchyma of one or both lungs.

ICD9/ICD10: 748.51/Q33.6 Syndrome Associations (Appendix)
Tetraamelia-lung hypoplasia/aplasia
Fetal akinesia

Birth prevalence: very rare

Associated anomalies: unusual

Laboratory studies: radiographs

Prenatal diagnosis: none

Cause: uncertain

Primary pulmonary hypoplasia presents in the immediate neo-
natal period with respiratory distress and cyanosis. Physical 
examination is typically otherwise normal, without evidence of 
other malformations. Chest radiograph reveals small but clear 
lungs, normal heart size, elevated diaphragms, and bell-shaped 
thorax.1,2 Pneumothorax, either spontaneous or after mechani-
cal ventilation, may complicate the picture. Severe pulmonary 
hypertension or persistent fetal circulation is also common, 
which makes accurate diagnosis of the primary pulmonary 
lesion difficult. Diagnosis can be suggested based on radio-
graphic criteria but is often not made until autopsy. Lung weight 
to body weight ratio of less than 0.013 is diagnostic.2-3 The dif-
ferential diagnosis includes pulmonary agenesis/aplasia or sec-
ondary pulmonary hypoplasia, the latter of which typically will 
have associated anomalies that lead to a specific diagnosis.

Primary pulmonary hypoplasia is rare. In a series of 756 
newborn autopsies only 10/77 cases of pulmonary hypopla-
sia were felt to be primary.4 A different series reported three 
cases in 1,377 infants admitted to a newborn intensive care 

nursery over a four-year period.1 Primary pulmonary hypopla-
sia is usually not associated with other congenital defects and 
is sporadic. The exception is tetraamelia with lung hypoplasia/
aplasia syndrome, which appears to be an autosomal recessive 
condition with other nonpulmonary malformations.5 The eti-
ology and pathogenesis are unknown (genes associated with 
overlapping clinical findings have been studied in some cases) 
but is believed to develop after 16 weeks gestation with failure 
to form adequate numbers of terminal bronchioles and alve-
oli.6,7 Familial cases have been reported including both concor-
dant identical twins and siblings of consanguineous parents, 
suggesting that there may be a genetic component.2,8,9

Treatment: Mechanical ventilation with high inspired oxy-
gen content and high ventilatory pressures has been the typical 
approach to therapy. A  term infant was unsuccessfully treated 
with inhaled nitric oxide and high frequency oscillatory ventila-
tion.10 Extracorporeal membrane oxygenation may only be helpful 
if there is sufficient pulmonary parenchymal tissue to sustain life.
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Prognosis: The prognosis depends on the degree of pul-
monary hypoplasia. Mortality is high, with only three of 28 
reported infants surviving to discharge.10
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24.10 CongeniTaL CysTiC aDenomaToiD maLformaTion

Definition: A hamartomatous lesion in the lungs composed of noncartilage-containing terminal respiratory structures 
resembling terminal bronchioles.

ICD9/ICD10: 748.48/Q33.0 Syndrome Associations (Appendix)
None

Birth prevalence: 1/10,000–1/35,000

Associated anomalies: cardiac, renal, skeletal, and other 
pulmonary anomalies

Laboratory studies: radiographs, CT, MRI

Prenatal diagnosis: ultrasonography, MRI

Cause: uncertain

Three morphologic subtypes of congenital cystic adenoma-
toid malformations (CCAMs) were proposed by Stocker 
et al. based on histologic examination.1 In type I, macrocys-
tic CCAMs, one or more large cysts (2–10 cm) predominate. 
The cysts are lined by ciliated pseudostratified columnar epi-
thelium, which occasionally produce mucin. Bronchiolar and 
alveolar elements are present between the cysts. Although type 
I1 lesions may manifest with respiratory distress in the neo-
natal period, they have a favorable prognosis because hydrops 
and pulmonary hypoplasia rarely occur. Type II, microcystic 
CCAMs, contain mostly small uniform cysts (0.5–2 cm) lined 
by cuboidal or columnar epithelium. Type II lesions are the 
most common type and involve a poor prognosis. Type III, 
solid CCAMs, consist of an airless mass made up of almost 
entirely of bronchiolar and alveolar elements. Gross cysts are 
not obvious, but microscopic alveolar cysts are present.1,2

Stocker et al. later expanded this classification to accom-
modate the origin of the malformations, and Adzick et  al. 
proposed only two types—cystic (or macrocystic) and solid 
(or microcystic), which can be distinguished prenatally by 
ultrasound.3,4

The diagnosis of CCAM is often made by prenatal 
ultrasound. Other frequently associated findings include 
polyhydramnios and hydrops fetalis.5-7 The differential diag-
nosis of fetal chest masses includes pulmonary sequestration, 

congenital diaphragmatic hernia, pulmonary lymphangiec-
tasia, and congenital lobar emphysema. Magnetic resonance 
imaging (MRI) techniques can aid in diagnosis and help guide 
pregnancy and neonatal management.5-7

Respiratory symptoms may be present at birth. Large 
lesions may cause mediastinal shift, and cyst rupture may 
cause pneumothorax.2,7 Chest radiograph will show a solid or 
cystic mass involving a portion of or an entire hemithorax. The 
radiographic findings may overlap with those of other chest 
masses, which can be distinguished by computed axial tomog-
raphy or MRI (Fig. 24.10.1).

Approximately 25  percent of congenital pulmonary 
parenchymal lesions are CCAMs. Type II lesions account for 
73  percent of CCAMs, with types I  and III accounting for 
approximately 13 percent each. Males and females are more or 
less equally affected. The pathogenesis is uncertain, although 
increased cell proliferation and decreased apoptosis of affected 
tissue has been demonstrated.9

CCAMs can be associated with other pulmonary lesions 
and defects of other systems.6,10,11 Giubergia et al. found coex-
isting lung sequestration in 35 percent.10 Cystic renal disease 
or renal agenesis, heart defects, and bony lesions were present 
in 25/142 cases reviewed by Stocker et al.1 Large lesions may be 
complicated by the development of fetal hydrops, which pre-
dicts a poor outcome.11
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Treatment: CCAMs that are symptomatic at birth should 
be surgically excised.7,12 Type II lesions tend to be extensive 
and have the greatest number of associated anomalies, and 
thus carry a worse prognosis.11 In prenatally diagnosed cases, 
microcystic lesions, bilateral lesions, and fetal hydrops were 
each associated with poor prognosis, whereas polyhydramnios 
and mediastinal shift were not necessarily associated with poor 
outcome.13 Excision in asymptomatic patients is controversial.

Prognosis: Partial or apparently complete in utero regres-
sion of CCAMs is well documented, occurring in 56 percent 
of patients in one series.14-16 Some infants are asymptomatic at 
birth, and chest radiograph may be normal or only demon-
strate subtle abnormality. Normal chest radiograph does not 
indicate complete resolution of a CCAM, and CT may detect 
abnormalities not shown on chest radiograph. Chronic or 
recurrent pulmonary infection may result from unresected or 
unidentified lesions, and the potential for malignant transfor-
mation is considered by some observers.17
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A B

Fig. 24.10.1 Congenital cystadenomatoid malformation. A. Radiograph of type I malformation shows the entire left lung to be involved with multiple cystic lesions, 
with the mediastinum shifted toward the right. B. CT of a type II malformation shows a large cystic lesion in the right lung with crowding of adjacent parenchyma. 
At least one septum (arrow) is visible within the cyst.
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24.11 CongeniTaL LoBar emphysema

Definition: Intrinsic defect of the bronchopulmonary tree, resulting in postnatal hyperinflation of one or more lobes of 
the lungs.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: 1/70,000–1/90,000

Associated anomalies: uncommon, cardiac 
malformations in a minority

Laboratory studies: radiographs, CT

Prenatal diagnosis: ultrasonography, MRI

Cause: sporadic

Most infants with congenital lobar emphysema present in 
the newborn period with respiratory distress with or with-
out cyanosis.1,2 Chest asymmetry, decreased breath sounds, 
hyperresonance on the affected side, and mediastinal shift 
may be apparent on physical examination. Chest radiograph 
performed shortly after birth may initially show an opaque, 
fluid-filled lobe, but follow-up radiograph will characteristi-
cally reveal overdistention and air trapping in the affected lobe, 
herniation across the mediastinum, and compression of sur-
rounding normal lung tissue. Computed tomography, ventila-
tion/perfusion scan, and bronchoscopy can be used to aid in 
diagnosis.1

The diagnosis of congenital lobar emphysema can be made 
by fetal ultrasonography and fetal magnetic resonance imag-
ing.3,4 The differential diagnosis includes other congenital 
chest masses (e.g., diaphragmatic hernia, cystic adenomatoid 
malformation, bronchopulmonary sequestration); postnatal 
atelectasis with compensatory emphysema may also be consid-
ered. Other acquired lesions including bronchiolitis, asthma, 
and foreign body should be considered in cases that present 
beyond the neonatal period.

Congenital lobar emphysema is the most common con-
genital lesion involving the lung parenchyma, representing 
approximately 50 percent of cases.5 Typically only one lobe is 
affected, most commonly the left upper lobe, followed by the 
right middle and right upper lobes.1,2 In most cases there is 
a deficiency or dysplasia of bronchial cartilage in the affected 
lobe5,6 leading to bronchial collapse and air trapping with expi-
ration. Bronchial stenosis or atresia is also reported, as are a 
variety of other pathologic lesions.1 One series reported a male 
excess (1.8:1).5 Associated anomalies are uncommon overall, 
but congenital heart disease is reported in 10 to 15 percent of 
cases.7 Most cases are sporadic, although recurrence in twins, 
siblings, and in mother–daughter and father–son pairs is 
reported.8-11

Treatment: Surgical treatment in the form of lobectomy 
or partial lobectomy is required for neonates with signifi-
cant respiratory distress.7,12 Several cases diagnosed by fetal 

ultrasonography have appeared to regress in utero, but neo-
natal symptoms or radiographic progression led to surgical 
treatment.3,4 Nonoperative management is possible in mildly 
symptomatic or asymptomatic cases.13

Prognosis: Operative mortality rate is low, although postop-
erative complications have been reported in up to 21 percent 
of patients in several case series. Surgery has been reported as 
effective in the majority of cases.14-15 Mortality with conserva-
tive management is considerably higher in severely affected 
infants.
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24.12 DiaphragmaTiC hernia

Definition: Defect in the muscular or tendinous diaphragm resulting in possible herniation of abdominal viscera into chest.

ICD9/ICD10: 756.6/79.0 Syndrome Associations (Appendix)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
CHARGE (CHD7)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Craniofrontonasal
Denys-Drash
Donnai-Barrow (faciooculoacousticorenal)
Fryns
Matthew-Wood (STRA6)
Multiple vertebral segmentation defects
Simpson-Golabi-Behmel (GPC3)
Pallister-Killian (tetrasomy 12p)
Turner (45,X)
Wolf-Hirschhorn (4p-)
Trisomies 13, 18, 21

Birth prevalence: 1/2,000–1/3,000

Associated anomalies: central nervous system, orofacial, 
ocular, cardiac, genitourinary, body wall

Laboratory studies: chromosomal analysis, gene 
sequencing

Prenatal diagnosis: ultrasonography

Cause: usually multifactorial, some chromosomal, 
Mendelian

Defects in the muscular or tendinous portions of the dia-
phragm usually result in herniation of the abdominal viscera 
into the chest (Fig. 24.12.1).1,2 Most cases are diagnosed prena-
tally by ultrasonography. Those not prenatally diagnosed pres-
ent at birth with immediate respiratory distress. Diaphragmatic 
hernia (DA) most commonly is left-sided (85 percent) and is 
bilateral in 2  percent of cases. A  posterolateral defect in the 
diaphragm, termed Bochdalek hernia, is present in approxi-
mately 75 percent of cases, while anterior defects are present in 
the remaining approximately 25 percent. Anterior defects that 
are parasternal or retrosternal are termed Morgagni-Larrey 
type. Central hernias make up the remaining small percentage 
of cases. Herniated contents most commonly include small or 
large bowel (>88 percent), spleen (81 percent), and stomach 
(59 percent).3 There may be a thin membranous sac covering 

the herniation.4 As a result of this process, severe respiratory 
distress often develops due to a combination of pulmonary 
hypoplasia and pulmonary hypertension.1,2

Initial evaluations of an infant born with diaphragmatic 
hernia include chest radiographs and echocardiogram (Fig. 
24.12.2).5 If the case appears to be non-isolated, workup for 
the suspected cause can be pursued. If an apparently isolated 
case is detected prenatally, chromosome analysis should 
be offered due to the possibility of other features being 
undetected. Postnatally, this testing should be considered 
based on the presence of dysmorphic features and/or other 
anomalies.

Fig. 24.12.1 Schematic showing location of diaphragmatic hernias.

Fig. 24.12.2 Chest X-ray of newborn infant with diaphragmatic hernia showing 
displacement of heart to the right, air-filled stomach in the chest, and 
distended esophagus.
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Lung pathology associated with DH includes severe hypo-
plasia with fewer branch points, airways, arteries, veins, and 
alveolar structures. These result in reduced surface area for gas 
exchange, increased lung vascular resistance due to hypermus-
cular vessels, and increased pulmonary lability. These factors 
contribute to hypoxemia and acidosis, which further exacer-
bates pulmonary vasospasm, thus resulting in a cycle of clini-
cal deterioration.6 Lung impairment was initially thought to be 
caused by the compression produced by herniated abdominal 
organs, but further study has shown impairment of the con-
tralateral lung, including reduced lung weight and fewer alve-
oli.7 Pulmonary hypoplasia has also been seen prior to hernia 
development in animal models suggesting a “dual hit” patho-
genesis for DH consisting of early insult to lung development 
and later lung growth restriction.4,8

The mechanism for diaphragmatic hernia development has 
been debated, and potential explanations have been sought using 
surgical and teratogen-induced models.2 Diaphragm develop-
ment begins at four weeks gestation, and the ventral body wall’s 
septum transversum will fuse with esophageal and pleuroperi-
toneal membranes, which separates the pleural and peritoneal 
cavities around eight weeks gestation, right side before left.9 
Several theories have evolved to explain hernia development in 
this process, including abnormal lung development, abnormal 
phrenic nerve innervations of the muscle, improper myotube 
formation in the forming muscle, failure of the pleuroperitoneal 
canals to close, and failure of the pleuroperitoneal membranes 
to form. Surgically created animal models have been used for 
study, but the defect is created late in gestation and thus may not 
correlate well with human disease. Teratogen-induced models 
have been studied using nitrofen, an herbicide; however, nitro-
fen exposure does not cause DH in humans.2,4,9

Nearly half of DH cases have other associated findings and 
are termed nonisolated DH or DH+. Some of these are syn-
dromal.4 Associated findings most commonly include cardiac 
(10–15 percent DH+), limb (10 percent DH+), orofacial, body 
wall, central nervous system (5–10 percent DH+), eye, geni-
tourinary, and renal abnormalities. Lung hypoplasia, cardiac 
position abnormalities, intestinal malrotation, patent foramen 
ovale, and patent ductus arteriosus are usually thought to be 
secondary to DH and are not included in DH+.1,4,10 Syndromal, 
single-gene, and chromosome aneuploidy disorders with DH 
are also well-documented associations. Recurrence risk for iso-
lated cases is 2 percent.4,7 Males appear to be affected slightly 
more frequently than females.7

The causes of diaphragmatic hernia are heterogeneous. 
Some suggestion of causative genes has come from ani-
mal model studies, and these include Wilms tumor 1 (Wt1), 
Sonic Hedgehog pathway genes (Shh, Gli2, Gli3), axon guid-
ing gene Slit3, and Platelet-derived growth factor receptor-α 
(PDGFRα).3,9 Other genes have been implicated due to dual 
involvement in diaphragm and lung development [Friend 
of GATA2 (FOG2)] and GATA-binding protein 4 (GATA4). 
Mutations in FREM1 have been reported in DH, and Frem1 
has been shown to interact with Gata4 and Slit3 in a mouse 
model of Frem1 mutations.10,11Other genes have been impli-
cated because mutations in these genes may result in syn-
dromes that include diaphragm and lung problems, such as 

Matthew-Wood syndrome (due to mutations in STRA6).3,11 The 
effect of mutations in potentially involved genes may be related 
to the timing of developmental processes or possible environ-
mental factors.1 Abnormal retinoid signaling has also been 
implicated in DH,1 and vitamin A–deficient rats have higher 
rates of DH. Administering vitamin A to nitrofen-treated rats 
reduces the incidence of DH development.9 Chromosome 
abnormalities are present in approximately 10  percent of 
DH.4,12 Chromosome abnormalities, especially microdeletions 
and microduplications, have also indicated genomic regions 
where causative genes might be found.

In developed countries, up to two-thirds of DH is detected 
prenatally, typically by ultrasound when abdominal organs are 
seen in the fetal chest.3,6 Polyhydramnios can also be present in 
severe cases. Right-sided DH can be more difficult to detect on 
ultrasound due to the liver’s similar echogenic appearance to 
lung.6 Doppler ultrasound and echocardiogram can evaluate 
pulmonary blood flood, and magnetic resonance imaging can 
detail the herniated viscera and allow for measurements to be 
done.3 Negative prognosis factors on ultrasound include liver 
herniation, abnormal lung-to-head circumference ratio, and 
the size of the diaphragmatic defect.13 Prenatal lung volume 
has not been shown to be an accurate predictor of severity.6 
Amniocentesis can be done to estimate fetal lung maturity and 
to allow for prenatal genetic testing.7 Approximately 10 percent 
of DH is diagnosed after the neonatal period, typically during 
investigation of respiratory or gastrointestinal symptoms.12

Treatment: Neonates with diaphragmatic hernia require 
immediate intubation with nasogastric tube placement for 
gastrointestinal decompression and mechanical ventilation.7 
Surfactant administration has not been shown to be benefi-
cial.6,7 Extracorporeal membrane oxygenation (ECMO) is used 
in approximately one-third of patients for additional respiratory 
and cardiac stabilization.3,5 Pulmonary hypertension can be 
treated with inhaled nitric oxide. Surgical correction is no lon-
ger performed urgently but is done once the patient is medically 
stable, although this is individualized to each case.7 Prenatal 
surgery such as hernia repair and tracheal occlusion has been 
discussed to attempt reduction of lung hypoplasia, but clinical 
results have been mixed.6 Overall survival rates are generally 
about 50 to 60 percent; however, rates as high as 70 to 90 percent 
have been reported by some tertiary centers and registries.6,7

Prognosis: Long-term sequelae are typical in DH survi-
vors. Gastroesophageal reflux and foregut dysmotility is pres-
ent in 20 percent to 81 percent of children with DH and can 
impact growth, thus over half require surgical management. 
Gastrostomy tube was required to supplement nutrition in 
33 percent of patients in one series. Up to 50 percent will have 
pulmonary complications including chronic lung disease, pul-
monary hypertension, aspiration, pneumonia, bronchospasm, 
and pulmonary hypoplasia. As many as 4 percent may require 
tracheostomy. Many respiratory complications improve after 
the first year of life, but 50  percent of adult survivors have 
abnormal pulmonary function testing. Hernia recurrence is 
reported in 8 percent to 50 percent, with larger initial defects 
being more likely to recur. Neurocognitive delay and behavioral 
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disorders are also seen, with a strong link to those patients who 
required ECMO treatment. Sensorineural hearing loss is also 
common but can improve with age; however, even with normal 
initial testing half of infants develop some hearing loss later in 
infancy. Long-term skeletal findings include pectus deformity, 
scoliosis, and kyphosis.3,14 Follow-up surveillance guidelines 
for DH survivors have been published.14
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25 | VENTRAL WALL OF THE TRUNK

CYNTHIA J. CURRY AND JACOB S. HOGUE*

IntroDuCtIon

Defects of the ventral body wall can be caused by a number of 
pathogenetic mechanisms, which are not mutually exclusive.1-3 
The first is primary failure of formation of the ventral wall pri-
mordia during the early embryonic period (weeks 3 and 4). 
An example would be failure of thoracic somites to form. The 
second is failure of maturation of the primordia during later 
embryonic or fetal stages (late week 4 and beyond). Examples 
of this second pathogenic mechanism are failure of ventral 
migration of mesoderm from the somites; failure of in situ 
differentiation into skin, skeletal muscle, or cartilage; and fail-
ure of internal reorganization such as alignment of the rectus 
muscles to restrict the linea alba, migration and fusion of the 
sterna bands, or formation of the public symphysis. A  third 
mechanism involves secondary injury to the intrinsically nor-
mal ventral wall during the primordial stage of morphogenesis 
or later.4-6 One such cause might be a vascular incident that 
impairs nutrition to the tissues of the body wall. Stevenson 
et  al. have suggested that space limitation in the abdominal 
cavity caused by a short trunk or spinal retroflexion might 
predispose to ventral wall defects.7 Hunter and Stevenson have 
proposed that gastroschisis occurs because of failure of the 
yolk sac to be included in the body stalk, and that other ven-
tral body wall defects occur because of cell deficiency in the 
periphery of the embryonic disc.8,9

Cephalic fold failure may give rise to a particularly serious 
spectrum of defects, since the somatic layer of the lateral plate 
mesoderm of this fold gives rise to the framework of the mid-
ventral thoracic and epigastric body wall, the diaphragm (sep-
tum transversum), the parietal layer of the pericardium, and 
the sternum.10,11 The visceral layer forms the epimyocardium. 
Thus incomplete cephalic fold formation leads to multisystem 
malformations, exemplified by the Cantrell pentalogy.

Lateral fold failure is usually considered to cause the typi-
cal abdominal omphalocele. Lateral fold failure alone, how-
ever, is probably insufficient to produce omphalocele, since 
the body wall would be left with a median septum formed 
by the cephalic and caudal folds. Rather, omphalocele results 
from combined deficiency of the lateral and cephalic and/or 
caudal folds.3,12

Caudal fold failures are complicated by the close relation-
ship of the centrally converging disc margin, the allantoic 

stalk, and the cloacal membrane.5,13 Normally, in the initial 
phase of body wall closure, the advancing edge of the caudal 
fold is closely associated with the cloacal membrane, which 
almost reaches the caudal margin of the body stalk. This 
phase, in which the cloacal membrane dominates the anatomy 
of the caudal fold, is soon reversed, however, by migration of 
lateral plate mesoderm from the caudal end of the primitive 
streak, resulting in progressive lengthening of the subumbili-
cal ventral body wall. Concurrently there is formation of the 
paired genital tubercles, which fuse in the midline and are 
located just cranial to the cloacal membrane. Malformations 
of the caudal fold include bladder and cloacal exstrophy, both 
of which may result from abnormal lateral plate or paraxial 
mesoderm development at the lower thoracic or upper lumbar 
levels. The timing and severity of developmental failure obvi-
ously play important roles in the resulting abnormalities. The 
earlier the insult occurs, the more severe the structural defects. 
Earlier defects in the caudal fold lead to cloacal exstrophy, later 
defects lead to bladder exstrophy, and still later defects lead to 
infraumbilical omphalocele. This principle is also true for the 
cephalic fold, where earlier defects may lead to the Cantrell 
pentalogy and later defects to simple omphalocele.

A N AT O M I C A L  E M B RY O L O G Y

In the middle of the third week the embryo is undergoing gas-
trulation, a process that creates the three germ layers, and it 
sits as a disc atop a large yolk sac like a chick embryo. At this 
stage, lateral body wall folds form on each side and begin to 
grow ventrally, narrowing the opening of the primitive gut 
tube to the yolk sac.1,2 As these folds grow, the head and tail 
region elongate, curving over the developing heart and hind-
gut. This elongation process does not contribute much to the 
closure of the ventral body wall, but it does cause the embryo 
to assume the typical C-shape associated with the fetal posi-
tion. Closure of the body wall is dependent almost entirely on 
the two lateral body folds that eventually meet in the midline 
and fuse (Fig. 25.I.1). The fusion process is complex because 
of the relationships between the ectoderm and mesoderm of 
the prospective body wall and the amniotic membrane that is 
attached to and continuous with the ectoderm. Consequently, 
the attachment of the amnion to the ectoderm must be dis-
connected, such that the amniotic membrane can be free to 

* The views expressed are those of the authors and do no reflect the official policy of the Department of the Army, the Department of Defense, or the U.S. Government.
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fuse and become continuous across the midline. Also, the ven-
tral body wall must fuse, and continuity must be established 
between opposing layers of ectoderm and mesoderm. As the 
entire process continues, the connection between the yolk sac 
and developing gut tube becomes progressively narrower, cul-
minating in formation of the vitelline duct between the yolk 
sac and prospective ileum.

M O L E C U L A R  E M B RY O L O G Y

The molecular mechanisms responsible for formation and 
closure of the body wall folds are not well defined. Hedgehog 
signaling has been implicated in development of the ventral 
body wall, and BMP signaling appears to be involved in ventral 
folding morphogenesis.14,15 Canonical WNT signaling is a key 
mediator of myogenesis and formation of abdominal muscu-
lature.16 Transcription factor AP-2α is also required for ventral 
body wall closure, with suggested roles in morphogenesis of 
both the primary and secondary body walls.17
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Fig. 25.I.1 Mosaic nature of the ventral body wall. Left: in the primordial stage (28–30 days postfertilization), the cephalic, lateral, and caudal folds are converging 
on a prominent body stalk (BS). Right: by 10 weeks the lateral folds dominate the ventral wall topography, the cephalic and caudal folds are represented by 
midline structures, and the body stalk is represented by relatively small umbilicus.
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25.1 sternal DefeCts

(Cleft Sternum, Sternal Fissure, Asternia, Bifid Sternum, Hemisternum)

Definition: Abnormalities in the fusion of the sternal bars resulting in absence of the sternum, cleft of the sternum, or 
premature fusion of the segments of the sternum.

ICD9/ICD10: 756.3/Q76.1 Syndrome Associations (Appendix)
PHACES
47,XXX
Pentalogy of Cantrell

Birth prevalence: unknown, 0.15% of chest wall 
malformations

Associated anomalies: posterior fossa, cardiac, 
cerebrovascular, ocular, hemangioma, dental in minority

Laboratory studies: radiographs, CT

Prenatal diagnosis: rarely identified by ultrasound

Cause: sporadic

In sternal clefting the thoracic viscera are covered only by soft 
tissue, and they may be bulging and pulsatile, but the heart and 
lungs are normally positioned anatomically.1 Clefts are classi-
fied as superior, inferior, or complete.2 A superior cleft may be 
U-shaped, with a defect ending at the level of the fourth cos-
tal cartilage, or V-shaped if it extends to the xyphoid process 
(Figs. 25.1.1, 25.1.2, ). Inferior or distal clefts are usually seen 
in association with the characteristic abnormalities of midline 
fusion, as in Cantrell pentalogy (Entry 25.2).

Cleft sternum is usually recognized at birth because of pro-
trusion of soft tissue over the sternal midline. Some patients 
with sternal defects present with atypical pectus excavatum or 
carinatum. The bony defects typically produce an unstable chest 
wall, which allows the thoracic viscera to move paradoxically 

with respiration. Cyanosis and dyspnea may result, although 
some patients are relatively asymptomatic. Atrophic midline 
linear raphes extending completely or partially from the umbi-
licus to the sternal notch or occasionally onto the neck may 
accompany the sternal defects (Fig. 25.1.1).3,4 The scars may 
be either thin, paper-like, translucent defects, or may resemble 
keloids.

Hypoplastic ossification centers, multiple ossification 
centers, and premature fusion of segments of the sternum 
appear to have different etiologies and are typically identified 
incidentally. Approximately 20 percent of patients with these 

Fig. 25.1.1 V-shaped cleft of the sternum with raphe extending to the umbilicus 
in an infant with PHACES syndrome. (Courtesy of Dr. Joseph H. Hersh, 
University of Louisville School of Medicine.)

Fig. 25.1.2 CT reconstruction of complete cleft of sternum in a 31-year-old 
woman with pectus excavatum and hypoplasia of the right clavicle (asterisk). 
Courtesy of Dr. Aghakishi Yahyayev, Istanbul, Turkey.9
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defects have associated congenital heart disease.5 Conversely, 
in children with congenital heart disease, approximately 20 
to 50 percent have associated premature fusion of the sternal 
body segments. Multiple manubrial ossification centers occur 
in 6 percent to 20 percent of all children and are particularly 
common in Down syndrome.

Superior sternal clefts and complete sternal clefts are gen-
erally isolated abnormalities without underlying cardiac or 
other visceral defects. Haque noted nutritional deficiency in 
the mothers of several patients and postulated that riboflavin 
deficiency might have been responsible for the defect.6 There is 
one report of a woman with a 47,XXX karyotype and a sternal 
cleft, but this may be coincidental. Sternal defects are a com-
mon finding with the PHACES association (a.k.a PHACE syn-
drome), the primary features of which are posterior fossa brain 
anomalies, hemangioma on the face or scalp, arterial anoma-
lies, cardiovascular anomalies, eye anomalies, and sternal 
anomalies including midline raphe. Diagnostic criteria for the 
condition have been proposed.7 The etiology of the PHACES 
association is unknown. Forzano et al. reported a mother and 
two daughters with inferior sternal defects, midline raphe, 
double central incisors, and bifid uterus, suggestive of a unique 
autosomal dominant syndrome.3

Sternal clefts are extremely rare, and because of this their 
exact incidence is unknown. Acastello et al. reported that iso-
lated sternal clefts were present in 0.15  percent of the 5,182 
patients with chest malformations that they evaluated over 
25  years.8 Torre et  al. summarized the findings in the 86 
patients with sternal clefts reported in the medical literature.1 
Females accounted for 61 percent of patients. Superior clefts 
were the most common (67  percent), followed by complete 
agenesis (19.5 percent) and inferior cleft (11 percent).

Treatment: It is advocated that surgical repair be undertaken 
early in infancy, preferably in the first few weeks of life, since 
approximation of the sternal bands becomes progressively 

more difficult with time and may become impossible.2,8 
A number of operative techniques have been employed, which, 
when performed early in infancy, usually involve suturing of 
the two sternal segments together after excision of the distal 
fused portion. If repair is carried out later it may require the 
use of teflon, stainless steel mesh, autologous bone, or carti-
lage grafts. Significant risk of thoracic and cardiac compression 
is associated with later repair. In children with midline skin 
raphes, excision of the area is recommended, and care should 
be taken to avoid the pericardium, which may be adherent.

Prognosis: The prognosis for children with sternal clefts 
appears to be excellent. In general, patients tend to be asymp-
tomatic; however, the cosmetic aspects of the malformation 
may be disturbing, and there is also concern about vulnerabil-
ity of the underlying heart and great vessels. The limited data 
on long-term follow up of children with sternal clefts suggest 
normal growth of the repaired chest wall.
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25.2 eCtoPIa CorDIs

(Extrathoracic Heart, Heart Evisceration, Ectocardia, Exocardia)

Definition: Location of the heart outside the thoracic cavity, either lying on the outer surface or displaced superiorly to the 
neck or inferiorly to the abdomen.

ICD9/ICD10: 746.89/Q24.8 Syndrome Associations (Appendix)
Goltz-Gorlin (PORCN)
PHACES
Pentalogy of Cantrell
Triploidy
Mosaic Trisomy 16
Trisomies 18, 21
Amniotic band sequence

Birth prevalence: 1/125,000–1/170,000

Associated anomalies: Cantrell pentalogy, cleft lip/palate, 
neural tube defects, asplenia, umbilical cord anomalies

Laboratory studies: radiographs, echocardiography, 
chromosome analysis, gene sequencing

Prenatal diagnosis: ultrasonography reliable, elevated 
AFP if open anomaly

Cause: sporadic, Mendelian (X-L), chromosomal

Ectopia cordis has been classified into four types based on the 
location of the heart: (1) thoracic, in which the heart lies ante-
rior to the sternum (Fig. 25.2.1); (2)  cervical, with the heart 
displaced into the neck; (3) abdominal, with the heart located 
intra-abdominally; and (4)  thoracoabdominal, in which the 
heart is located between the thorax and the abdomen.1 The 
thoracoabdominal type of ectopia cordis frequently occurs as a 
component of the Cantrell pentalogy. The criteria for Cantrell 
pentalogy include supraumbilical midline abdominal wall 
defect, defect of the lower sternum, deficiency of the anterior 
diaphragm, defect in the diaphragmatic pericardium, and car-
diac defects.2-7 There is marked clinical variability in the sever-
ity and presentation, and many patients do not fulfill all five 
criteria.

The sternum is usually abnormal in patients with ectopia 
cordis.1 Absence of the lower third of the sternum is most com-
mon, but other anomalies may include absent or bifid sternum 
and limited segmental defects. The heart is rarely structur-
ally normal, with ventricular septal defect, atrial septal defect, 

tetralogy of Fallot, double-outlet right ventricle, diverticulum 
of the left ventricle, and transposition of the great vessels all 
reported. Associated abdominal wall defects are common 
and may include omphalocele, diastasis recti, abdominal 
wall eventration, and umbilical hernia. Oral clefting has been 
reported as co-occurring with ectopia cordis in over 15 cases.3 
Associated neural tube defects have been reported to include 
anencephaly, craniorachischisis, and encephalocele.

Ectopia cordis is causally heterogeneous and the major-
ity of cases are sporadic. Cantrell pentalogy has been reported 
in at least four patients with trisomy 18; other chromosome 
anomalies have also been reported in rare instances.8,9 Cantrell 
pentalogy has been reported in at least three patients with 
molecularly-confirmed Goltz-Gorlin syndrome.10

In the largest reported series of 219 cases with ectopia cor-
dis, 28 percent were classified as cervical, 37 percent thoracic, 
36  percent thoracoabdominal, and 11  percent abdominal; 
8 percent could not be classified due to inadequate informa-
tion.1 In this series, the sex ratio was 2:1 male:female, one-third 
were stillborn, and one-third were born prematurely. Between 
1968 and 1986, the Metropolitan Atlanta Congenital Defects 
Program found four cases of ectopia cordis, for a rate of 0.79 
per 100,000 births.9 All of these patients were female. A similar 
figure was found in the Baltimore-Washington infant study of 
congenital heart malformations from 1981–1989, where five 
cases of Cantrell pentalogy were ascertained, for a regional 
prevalence of 0.59/100,000 live births. A skewed sex ratio was 
not observed.

Treatment: Numerous potential problems attend surgical 
attempts at repair of ectopia cordis. These include the small 
chest cavity, with potential crowding and kinking of great ves-
sels and a lack of skin above the heart. Lobectomy, removal of 
ribs, and prosthetic coverings have all been utilized, but the 
overall results are poor. The need for repair of associated car-
diac anomalies, abdominal wall anomalies, and diaphragmatic 
defects also complicate surgical management. Despite these Fig. 25.2.1 Ectopia cordis of thoracic type.
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challenges there are several reported successful repairs of ecto-
pia cordis, including in the context of Cantrell pentalogy.4

Prognosis: Long-term survival with ectopia cordis remains 
exceptional.7 The type of ectopia cordis and the presence or 
absence of associated anomalies significantly influence prog-
nosis. There have been no survivors with the cervical type, but 
several patients with the abdominal type have lived to adult-
hood and reproduced. Most evidence supports the presence of 
a cardiac anomaly as an additional negative prognostic factor.
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25.3 GastrosChIsIs

Definition: An abdominal wall defect lateral to the umbilicus, usually to the right, with herniation of the abdominal contents 
directly into the amniotic cavity without any protective membrane.

ICD9/ICD10: 756.73/Q79.3 Syndrome Associations (Appendix)
Amyoplasia
Schizencephaly/porencephaly
Deceased MZ co-twin

Birth prevalence: 1/2,000–1/5,000

Associated anomalies: 10% have other anomalies; 
bowel stenosis or atresia, cryptorchidism, renal agenesis, 
ureteral obstruction, mild hydronephrosis

Laboratory studies: not indicated

Prenatal diagnosis: elevated AFP and ultrasonography, 
diagnosis possible in late first trimester with ultrasound

Cause: unknown

Gastroschisis is now identified prenatally in 88 to 99 percent 
of affected pregnancies.1,2 The anomaly is typically detectable 
by routine prenatal ultrasound. Maternal serum α-fetoprotein 
is elevated to 5–10 multiples of the mean (MOM). Amniotic 
fluid acetylcholinesterase is also positive in the vast majority. 
At birth gastroschisis presents as protruding abdominal organs 
through an abdominal wall defect lateral to the normal umbili-
cal cord (Fig. 25.3.1). There is usually an intervening normal 
bridge of skin. The defect is usually smaller than 4  cm and 
located to the right of the umbilicus. The exposed viscera are 
covered in a fibrous exudate, and the involved bowel is thick-
ened and edematous. Rarely, an omphalocele ruptures in utero 
and simulates a gastroschisis. Liver and stomach are much 
more likely to be herniated in omphalocele, whereas intra-
uterine growth retardation, polyhydramnios, and dilated and 
thickened loops of bowel are more common in gastroschisis.

Gastroschisis is not associated with known chromosomal 
or genetic syndromes. Rates of coexisting anomalies have var-
ied from 5  percent to 27  percent, but overall they appear to 
be present in about 10 percent of infants with gastroschisis.1,3,4 

Many of these are anomalies that are likely secondary to the 
primary anomaly—particularly intestinal atresia or stenosis, 
malrotation, and cryptorchidism. There is an association of 
gastroschisis and amyoplasia that may be related by a common 
vascular pathogenesis. Similarly there is rarely the coexistence 
of schizencephaly or porencephaly, also due to a vascular cause. 
Gastroschisis has also been seen in the surviving member of a 
MZ twin pair following death of the co-twin. The rate of coex-
isting anomalies is considerably higher in fetuses experiencing 
spontaneous abortion, stillbirth, termination, or early death, 
with at least one additional anomaly present in 78.6 percent of 
such cases in one study.

Among the multiple pathogenetic mechanisms offered to 
explain gastroschisis are failure of yolk sac incorporation into 
the body stalk, occlusion of the omphalomesenteric artery, 
premature atrophy of the right umbilical vein, and malforma-
tion of umbilical ring or lateral abdominal wall.1,4

There has been an apparent increase in the incidence of 
children born with gastroschisis over the past two decades. 
A  study involving 15 US birth defect registries showed an 
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increase from 2.32 to 4.42 per 10,000 live births from 1995 
to 2005.5 Similar increases have been seen in studies from 
Northern and Central Europe, Australia, Mexico, and South 
America. Risk for gastroschisis is significantly increased with 
younger maternal age, with rates as high as 11.45 per 10,000 
reported in mothers younger than age 20. The risk appears to 
be highest with Hispanic or non-Hispanic white race ethnic-
ity. Other potential risk factors include maternal exposure to 
vasoactive medications, cigarettes, or illicit drugs; nutritional 
factors; recent change in paternity; and low parity.6 Familial 
cases are rare, with an empiric sibling risk of 3.5  percent.7,8 
Discordant monozygotic twins have been reported recurrently, 
and a twin study showed lower concordance in monozygotic 
compared to dizygotic twins.

Treatment: The prenatal diagnosis of gastroschisis necessi-
tates regular surveillance for associated intrauterine growth 
restriction, fetal demise, and preterm delivery. Delivery 
should occur at a hospital with readily available neona-
tal and pediatric surgery services. The timing and route of 
delivery has been highly controversial, but early delivery 
and routine cesarean section have not been proven benefi-
cial. Immediate care of the newborn involves placement of a 
sterile covering, gastric decompression, fluid resuscitation, 
and temperature maintenance. Depending on the nature of 
the defect and the preference of the surgeon, gastroschisis 
can be treated with primary closure or with gradual reduc-
tion of the defect over days using a silo followed by formal 
closure. Enteral feeds are typically introduced gradually fol-
lowing surgical closure.

Prognosis: There does appear to be an increased risk for intra-
uterine fetal demise, with a recent meta-analysis showing a risk 
of 4.48 per 100 affected births, a rate approximately 7 times 
higher than in the general population.9 Even so, the prognosis for 
infants born with gastroschisis has improved dramatically from 
a mortality rate near 90 percent in 1967 to less than 10 percent in 
more recent studies. Complications may include sepsis, necro-
tizing enterocolitis, parenteral nutrition–related cholestasis, and 
short bowel syndrome. Approximately 30  percent of children 
have a weight below the 10th percentile at a year of life.10 Limited 
data suggest that neurodevelopmental outcomes are normal for 
the gestational age in the majority of affected children.
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Fig. 25.3.1 Gastroschisis. Left: distended intestines with matting and discoloration. Right: nondistended intestines. Note both examples are right-sided and the 
umbilical cord is separate from the defect in the abdominal wall.
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25.4 umBIlICal hernIa

Definition: A skin-covered protrusion of the umbilicus secondary to a defect in closure of the umbilical ring.

ICD9/ICD10: 552.1, 553.1, 555.1/K42 Syndrome Associations (Appendix)
Aspartylglucosaminuria (AGA)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Carpenter (RAB23, MEGF8)
Hypothyroidism
Loeys-Dietz (TGFBR1)
Mannosidosis (MAN2B1)
Mucolipidoses (GNPTAB, GNPTG)
Mucopolysaccharidoses I/V (IDUA), II (IDS), IIIA 
(SGSH), IIIB (NAGLU), IIIC (HGSNAT), IIID (GNS), 
IVA (GALNS), IVB (GLB1), VI (ASRB), VII (GUSB)
Shprintzen-Goldberg (SK1)
Simpson-Golabi-Behmel (GPC3)
Weaver (EZH2)
Williams (ELN, del 7p)
Trisomies 13, 18, 21
del 2q37

Birth prevalence: 1/3 in blacks, 1/25 in whites

Associated anomalies: rare

Laboratory studies: thyroid function

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian (AR, AD, XL)

The diagnosis of umbilical hernia is usually not difficult. The 
skin-covered protrusion at the umbilicus is obvious, and an 
enlarged umbilical ring can be palpated. Pressure on the abdo-
men or having the patient cough may facilitate palpation of the 
peritoneal bulge, which can be diagnostically helpful in obese 
patients. Umbilical hernia must be distinguished from ompha-
locele, in which abdominal contents herniate into the cord and 
are covered by peritoneum rather than skin (Fig. 25.4.1). The 
umbilical ring is enlarged in both.

Umbilical hernia results from failure of fascial rein-
forcement at the umbilicus after return of the physiologi-
cally herniated midgut to the abdominal cavity prenatally, 
or from inadequate umbilical scar formation after birth. It 
is a common defect and in most cases is an isolated find-
ing. However, hernias do occur with increased frequency 
in conditions associated with increased abdominal girth, 
hypotonia, or both, and in certain recognizable malforma-
tion syndromes.

The incidence of umbilical hernia in children is strongly 
dependent on birth weight, age, and race.1 Umbilical hernia 
occurs in 84 percent of infants weighing under 1500 g ver-
sus 21  percent of infants weighing over 2500 g.  Black race 
predisposes strongly toward umbilical hernia. A 32 percent 
prevalence was observed among black infants under age six 
weeks versus a 4  percent prevalence among white infants.1 
At age one, black infants show a 12 percent prevalence and 
white infants a 2  percent prevalence. The strong influence 
of ethnicity suggests the major importance of genetic fac-
tors in the causation of umbilical hernia. Umbilical hernia 
occurs more commonly in families in which omphalocele 
has occurred.

Treatment: The majority of small umbilical hernias in chil-
dren close spontaneously without treatment.2-4 In a study of 
350 children, when the hernia ring was smaller than 0.5 cm 

Fig. 25.4.1 Umbilical hernia in newborn infant with hypothyroidism.
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in diameter the hernia closed within two years. With a ring 
diameter of 0.5 to 1.5  cm, closure took until age four years, 
and when the umbilical ring was larger than 1.5 cm, closure 
could not be anticipated. It is generally recommended that 
symptomatic hernias or those larger than 2 cm be repaired rel-
atively early but that hernias less than 2 cm in diameter receive 
conservative management, with repair deferred until age four 
to five years. Surgical repair can be done laparoscopically or 
through an open incision.5-9 Large and/or complicated hernias 
may require use of mesh for closure.

Prognosis: Incarceration of umbilical hernia is rare in chil-
dren, as is rupture or skin breakdown. One study of 590 chil-
dren noted a 5  percent incidence of such complications.5 In 
other studies the incidence was even lower. Long-term out-
comes are generally good, with only about 2 percent of patients 
experiencing a recurrence. In contrast, adult umbilical hernia 
has a higher incidence of incarceration, and the surgical mor-
bidity and mortality are significant. This is due in part to the 

underlying conditions predisposing to adult umbilical hernia 
such as cirrhosis, severe obesity, and multiple pregnancies.
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25.5 omPhaloCele

(Exomphalos; Amniocele)

Definition: Ventral wall defect containing abdominal viscera that is usually covered by amnion, with the umbilical cord 
insertion into the defect.

ICD9/ICD10: 756.79/Q79.2 Syndrome Associations (Appendix)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Cantrell pentalogy
Donnai-Barrow (LRP2)
Hydrolethalus (HYLS1, KIF7)
Limb-body wall complex
MOTA (FREM1)
OEIS
Trisomies 13, 15, 16, 18, 21
Turner (45,X)
Triploidy
Pallister-Killian (tetrasomy 12p mosaicism)
dup 3q
Prenatal valproate, misoprostol, selective serotonin 
reuptake inhibitor exposure

Birth prevalence: 1/4000

Associated anomalies: 50%–75% have other anomalies; 
Chromosomal abnormalities 10%–40%; Cardiac 30%; 
Neural Tube defects 15%

Laboratory studies: chromosomal microarray, fetal 
echocardiography, detailed ultrasound, single gene testing 
if specific syndrome suspected, UPD 14 rarely

Prenatal diagnosis: elevated AFP and ultrasonography, 
diagnosis possible in late first trimester

Cause: chromosomal, microdeletions/ microduplications, 
Mendelian (AR, AD), teratogenic exposures

Typical findings of omphalocele include a variably sized defect 
at the umbilicus covered by amnion, lined with peritoneum, 
and with central insertion of the umbilical cord (Fig. 25.5.1).1-3 
The usual contents are intestines and liver, but other abdomi-
nal organs may also be contained. All of these findings help 
to distinguish omphalocele from gastroschisis. Rarely rupture 
may occur, making the distinction difficult. Omphalocele is 
increasingly diagnosed by ultrasound in utero as early as the 
late first trimester.

Associated anomalies are very common in infants with 
omphalocele, with prevalence figures in the recent literature 
varying from 50 to 75  percent.1-5 Cardiac abnormalities are 
found in about 30 percent of cases and neural tube defects in 
15 percent. Two-thirds of infants with omphalocele and con-
genital heart defects have additional anomalies, often consti-
tuting a specific syndrome. In series of infants with congenital 
heart disease and omphalocele without other major anoma-
lies, the most frequent cardiac defects included tetralogy of 
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Fallot, atrial and ventricular septal defects, and coarctation of 
the aorta. Chromosomal abnormalities occur in 10 percent to 
40 percent of liveborn infants with omphalocele and are more 
frequent in prenatally ascertained cases.4 In the presence of 
additional anomalies identified on ultrasound, the chance of an 
abnormal karyotype or microarray is very high (~87 percent). 
Even in the absence of other detectable anomalies, the risk 
for a chromosomal abnormality remains significant (~20 per-
cent). Trisomy 13 and 18 are the most commonly identified 
chromosomal abnormalities, although omphalocele has also 
been described in infants with a variety of other chromosome 
abnormalities. The presence of liver in the omphalocele sac is 
predictive of a normal chromosome/microarray study.

The incidence of omphalocele is about 2.5 per 10,000 live-
births and, unlike the rate of gastroschisis that has increased in 
the last decade, the rates for omphalocele are stable.1,3,6 Only 
75  percent of infants with omphalocele are liveborn, reflect-
ing the high association with lethal conditions. Approximately 
45 percent of liveborn children with this defect die without sur-
gery, usually related to the presence of associated anomalies.

The occurrence of omphalocele appears to be more com-
mon in infants born of women at the extremes of reproduc-
tive age. In women less than 20 or greater than 40  years of 
age, the odds ratio for omphalocele in the infant compared 
to the general obstetric population is 2.45 and 8.76, respec-
tively. Omphalocele has been associated with assisted repro-
ductive technologies and is more frequent in twin gestations. 
Modest associations with maternal obesity and in utero SSRI 
exposure have also been reported in some studies, while oth-
ers have found no association.7 Valproic acid embryopathy 
and misoprostol-associated defects may include omphalocele. 
Isolated omphalocele, especially when found in association 
with a family history of umbilical hernia, is more likely than 
gastroschisis to have genetic implications with an increased 
recurrence risk.

Several syndromes may include omphalocele, the most 
common of which is Beckwith-Wiedemann syndrome, which 
is due to mutation or deletion of imprinted genes within the 
chromosome 11p15.5 region.2,5,8 MOTA (Manitoba ocu-
lotrichoanal) syndrome is an autosomal recessive condi-
tion caused by mutations in FREM1, and includes ocular 
lid colobomata/anophthalmia, a tongue of hair projected 
onto the forehead, hypertelorism with broad or bifid nasal 
tip, and anal stenosis.8 This syndrome significantly over-
laps with Fraser syndrome. Donnai-Barrow syndrome due 
to bi-allelic LRP2 mutations includes hypertelorism, severe 
myopia and other eye defects, omphalocele, and neurocogni-
tive dysfunction.

Treatment: Evolving surgical techniques have significantly 
improved the outcome for infants with isolated omphalocele, 
particularly when primary closure is possible. In experienced 
hands, survival approaches 100 percent. Other factors involved 
in improved survival include rapid neonatal transport and 
vigorous resuscitation, improved infant ventilators and anes-
thesia, and the use of postoperative total parenteral nutrition. 
There is no significant improvement in outcome associated 
with routine cesarean section.

Prognosis: The prognosis for infants with omphalocele is 
highly dependent on the presence or absence of additional 
anomalies. Prenatally, a normal chromosomal microarray, 
ultrasound, and fetal echocardiography are predictive of a gen-
erally favorable prognosis. The fatality rate in giant omphalo-
cele approaches 50 percent. Primary closure, when possible, is 
associated with improved survival.
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Fig. 25.5.1 Omphalocele. Left: lateral view of intact omphalocele (O) showing sharp demarcation of skin and membrane (arrows). Middle: dissection shows  
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Alabama.)
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25.6 lImB-BoDY Wall DefeCt

(Amnion Rupture Sequence; Amniotic Band Disruption Sequence; Limb-Body Wall Complex)

Definition: A severe lethal multisystem fetal defect in which there is a ventral body wall defect in association with variable 
defects of the cranium and face as well as frequent limb defects ranging from complete amelia to digital amputations with or 
without amniotic bands.

ICD9/ICD10: 756.70/Q79.59 Syndrome Associations (Appendix)
None

Birth prevalence: 1/3,000–1/300,000

Associated anomalies: limb deficiency with wide 
spectrum from syndactyly to amelia, cranial defects 
(exencephaly/ encephalocele), orofacial clefts, multiple 
internal organ malformations including gallbladder 
agenesis, diaphragmatic hernia, congenital heart disease, 
vertebral defects, and genitourinary defects

Laboratory studies: none helpful except pathologic 
examination of fetus and placenta at autopsy.

Prenatal diagnosis: as early as 12 weeks gestation with 
ultrasonography

Cause: sporadic; deficiency of embryonic disc ectoderm 
proposed as best unifying theory; early amnion rupture 
and vascular disruption are among other theories

Limb-body wall defect (LBWD) is a rare, usually sporadic 
lethal birth defect distinct from gastroschisis, omphalocele, 
urorectal septum malformation and cloacal exstrophy. Major 
findings include craniofacial abnormalities (exencephaly/
encephalocele/cranial lobations/“anencephaly”); facial cleft-
ing, which may or may not follow anatomic planes of closure; 
thoracoschisis and/or abdominoschisis; and limb reduction 
anomalies (Fig. 25.6.1). Van Allen et al. suggested that at least 
two out of the three types of involvement should be present to 
consider this diagnosis. In general, most authors agree that a 
ventral wall defect is essential to the diagnosis.1,2

Structural birth defects are common and seemingly unre-
lated to the sentinel defects described above. Multiple other 
internal and external findings are described involving many 
organ systems. These include congenital heart disease, genito-
urinary abnormalities, gastrointestinal abnormalities, vertebral 
and skeletal malformations, neural tube defects, and abnormal-
ities of the fetal vasculature. Deformational defects, including 
severe scoliosis, clubfeet, and bizarre fetal positioning in utero, 
are common. Limb defects include absence of an entire limb(s) 

or single bone aplasia (ulna, tibia, metacarpal, etc.), finger 
syndactyly with or without amniotic bands, and asymmetric 
absence of terminal digits with or without constriction rings.

The placenta is usually abnormal with frequent placental 
attachment to the cranium or body wall. The umbilical cord 
may be short or apparently absent. Amniotic bands and/or 
tubes of abnormal skin attaching to the placenta or spanning 
one body part to another are commonly described, but their 
presence is not essential to the diagnosis of LBWD.1-7 Although 
some authors have suggested lumping together cases without 
involvement of the abdominal wall (e.g., a facial cleft with 
distal digital amputations and bands), most authors would 
not classify these relatively mild cases with those with more 
typical LBWD.7

Theories on causation are diverse. Streeter (1930) pro-
posed that deficiency in a few cells at a critical very early 
developmental stage could result in a “widespread abnor-
mality in the final structure” and that “.  .  . this abnormality 
could involve both the margin of the germ disc and the adja-
cent amnion.”8 In 1979 a disruptive cause due to formation of 
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amniotic bands was postulated by Higginbottom et  al., and 
this theory remained in favor for some years before the popu-
lar vascular disruption theory of Van Allen et al. and others, 
who suggested that vascular disruption/hypoperfusion/bleed-
ing could explain the internal malformations seen in LBWD 
and that persistence of the extra-embryonic coelom could 
account for the presence of amniotic bands, skin tubes, and 
so forth.1,9 In 1989, Hartwig et al. suggested that the involve-
ment of defective craniofacial ectodermal placodes could 
lead to craniofacial defects and that internal malformations 
were due to deficiency of the lateral abdominal wall placodes, 
leading to deficient intermediate mesoderm.6 A  number of 
other theories have expanded on those above, but no theory 
explained all of the findings, and data from experimental ani-
mals have been lacking. In 2011, Hunter et al. proposed that a 
primary deficiency of the embryonic disc could explain most 
of the LBWD abnormalities.4 Their theory reflects some of 
Streeter’s early thinking but expands his ideas with additional 
details explaining the craniofacial defects; it offers several pos-
sible explanations (including vascular underperfusion) for the 
highly variable limb defects and internal anomalies seen in 
LBWD.8 It is likely that additional theories will be proposed, 
but the Hunter theory best encompasses our current state of 
knowledge.

The prevalence of LBWD has been somewhat difficult to 
estimate, as infants may have been miscategorized in vari-
ous monitoring registries, and the rarity of the defect has 
likely compounded these difficulties. Estimates range from 
1/3,000–1/300,000 births.5,10 Sex ratios have been approxi-
mately equal, and a tendency to lower maternal age has been 
seen in some but not all studies.10 There is an apparent excess 
of LBWD in monozygotic twins or one of triplets suggesting 
that twinning itself may predispose to deficient epiblast and 
a compromised ectoderm.4 Most of these cases are likely not 

recognized, as they result in early fetal loss. There appears 
to be a general trend toward involvement of the limb corre-
sponding to the side of the abdominal wall defect, and in the 
Van Allen studies and others the left side was preferentially 
affected (3:1).1,2

LBWD is generally a lethal disorder, although some chil-
dren have survived for a few days.3 Those reported with longer 
survival have possibly been misclassified and do not have an 
abdominal or thoracic wall defect. This is generally considered 
a sporadic birth defect, with only one report of a recurrence in 
a subsequent pregnancy.5

Prenatal diagnosis of this defect is increasingly possible 
in the first trimester as well as later in pregnancy.11 The devel-
opment of 3D and current ultrasound technology, as well 
as experience with first trimester examinations, has facili-
tated early diagnosis. The keys to correct identification of 
this defect include the findings of a large body wall defect, 
the common finding of severe sharply angled scoliosis, the 
frequent relatively fixed position of the fetus in relation to 
the placenta, an absent umbilical cord and single umbilical 
artery, and the other variably associated craniofacial and 
limb defects. Early prenatal diagnosis allows for parental 
choice and, as this is a lethal defect, many families opt to 
discontinue the pregnancy.

REFERENCES

 1. Van Allen MI, Curry C, Gallagher L:  Limb body wall com-
plex: I. Pathogenesis. Am J Med Genet 28:529, 1987.

 2. Van Allen MI, Curry C, Walden CE, et al.: Limb-body wall complex: II. 
Limb and spine defects. Am J Med Genet 28:549, 1987.

 3. Gazolla AC, da Cunha AC, Telles JA, et  al.:  Limb-body wall 
defect: Experience of a reference service of fetal medicine from Southern 
Brazil. Birth Defects Res A Clin Mol Teratol 100:739, 2014.

 4. Hunter AG, Seaver LH, Stevenson RE: Limb-body wall defect. Is there a 
defensible hypothesis and can it explain all the associated anomalies? Am 
J Med Genet 155A:2045, 2011.

Fig. 25.6.1 Ventral body wall defects. A: 17-week female fetus with defect extending from xiphoid to perineum with both lower limbs present but deformed. 
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defect, coarctation, ventricular septal defect, colovesicular fistula, and absent right lower limb.
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25.7 eXstroPhY of the BlaDDer

(Bladder Exstrophy, Bladder Exstrophy-Epispadias Complex, Exstrophy-Epispadias Complex)

Definition: A defect in the lower abdominal wall in which the bladder mucosa is exposed.

ICD9/ICD10: 753.5/Q64.10 Syndrome Associations (Appendix)
CHARGE (CDH7)
Epstein
Trisomy 18
Klinefelter (47,XXY)
del 1q43q44
dup 19p13.12
dup 22q11.2

Birth prevalence: 1/20,000–1/200,000

Associated anomalies: epispadias, vesicoureteral reflux, 
rarely colorectal anomalies, spinal anomalies, renal 
anomalies, cardiac defects

Laboratory studies: renal function studies and imaging

Prenatal diagnosis: AFP elevated, ultrasonography 
shows absent bladder filling, lower abdominal mass, low 
umbilical cord insertion, wide pubic ramus

Cause: sporadic, rarely associated with chromosomal and 
Mendelian disorders

Characteristics of bladder exstrophy most commonly include 
an open urinary tract along the dorsal aspect of the penis (in 
the male) through the anterior aspect of the bladder neck and 
bladder to the level of the umbilicus (Fig. 25.7.1). There is 
separation of the rectus abdominus muscles, rectus fascia, and 
symphysis pubis. The umbilicus is lower than its usual posi-
tion, and the anus may be displaced anteriorly. In the male, 
the accompanying epispadias may involve all or part of the 
penile shaft, which is short and broad. In female epispadias, 
the labia may hide the bifid clitoris and the larger urethral 
opening, sometimes obscuring the exposed bladder mucosa. 
Bladder exstrophy is not likely to be confused with other enti-
ties except perhaps for exstrophy of the cloaca. Exstrophy of 
the cloaca can be differentiated by the consistent presence of 
imperforate anus and an abnormal hindgut as well as more 
frequent omphalocele and spinal defects. Isolated epispadias 
without bladder extrophy is believed to have a similar patho-
genesis, and variant anomalies along the continuum of these 
two may occur.

Genital malformations, particularly epispadias, are a uni-
form feature of bladder exstrophy. The upper urinary tract is 
usually normal, although unilateral renal agenesis, horseshoe 
kidney, and megaureter have been reported. The ureters enter 
the bladder such that reflux is invariable following repair. 
Urinary tract infections are common. The associated skeletal 
problems occasionally produce a mild waddling gait. Indirect 

inguinal hernias are frequent. Malformations outside of the 
genitourinary system occur in up to a third of affected indi-
viduals, with colorectal anomalies, spinal defects, and cardiac 
anomalies being the most common.1-3 Omphalocele and neu-
ral tube defects have also been reported in association, but 
those anomalies would more likely suggest exstrophy of the 
cloaca.3

Fig. 25.7.1 Exstrophy of the bladder in a male infant. The penis was short and 
broad with epispadias. (Courtesy of Dr. Sami Elhassani, Spartanburg, SC.)
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Bladder exstrophy occurred in 1/50,000 live births in 
a summary of 26,355,094 births from 22 programs partici-
pating in the International Clearinghouse for Birth Defects 
Surveillance and Research (ICBDSR).3 The anomaly occurred 
more commonly in males, with a ratio of 1.85:1 in that study. 
No particular genetic syndromes or teratogens are associated 
with any substantial frequency. There has been an indica-
tion of increased risk with assisted reproductive technolo-
gies.4 Bladder exstrophy has rarely been reported to recur in 
siblings, and empiric recurrence risks are probably less than 
1 percent.1,5 In one series of 255 patients with exstrophy there 
were no reports of occurrence in offspring of affected men, 
but two women with complete epispadias and one with blad-
der exstrophy had male children with exstrophy, yielding an 
approximate recurrence risk of 1 in 70 for offspring of an 
affected mother.6 Pairwise concordance rates in monozygotic 
twins are 45  percent versus 6  percent in dizygotic twins.7 
Maternal serum alpha-fetoprotein screening and prenatal 
ultrasonography can be utilized for prenatal diagnosis in 
families at risk.2

Treatment: Management should occur in a specialty center. 
The two currently utilized approaches for repair are the mod-
ern staged repair of bladder exstrophy (MSRE) and complete 
primary repair of exstrophy (CPRE). MSRE involves closure of 
the bladder and abdominal wall along with female epispadias 
repair in the newborn period, male epispadias repair between 
six and 12 months of life, and bladder neck reconstruction and 
ureteral reimplantation between four and nine years. CPRE 
is an alternative approach that involves primary abdominal 
wall and bladder closure, epispadias repair, and bladder neck 
tightening in one procedure, traditionally prior to 72 hours 

of life. Pelvic osteotomies are frequently required with both 
approaches.8,9

Prognosis: Both survival and quality of life have improved 
dramatically over the last few decades. Long-term complica-
tions may include urinary incontinence, sexual dysfunction, 
and decreased fertility, although the majority of patients of 
both sexes report high quality of life in adulthood.2,8-10 There 
has historically been an increased risk of malignant lesions of 
the bladder mucosa, but the risk has decreased with early sur-
gical correction.7
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25.8 eXstroPhY of the CloaCa

(Cloacal Exstrophy, OEIS complex, Vesicointestinal Failure, Extrophia Splanchnica)

Definition: An extensive lower abdominal wall defect that includes exstrophy of the bladder with musculoskeletal defects, 
genital malformations, spinal defects with or without meningomyelocele, imperforate anus, and often omphalocele.

ICD9/ICD10: 753.5/Q64.12 Syndrome Associations (Appendix)
Amniotic band
Frontonasal
VACTERL
Trisomies 13, 18
Mosaic Trisomy 12
Mosaic 45,X
47,XXX
del 1p36
del 3q12.2-q13.2
del 9q34.1-qter

Birth prevalence: 1/200,000

Associated anomalies: omphalocele, spinal dysraphism, 
ambiguous genitalia, renal anomalies, short gut

Laboratory studies: chromosome analysis

Prenatal diagnosis: elevated maternal serum AFP in 
some; ultrasonography diagnosis possible in about half 
with nonvisualization of bladder, abdominal wall defect, 
“elephant trunk” mass, omphalocele, sacral mass, widened 
pubic arches

Cause: rarely chromosomal or Mendelian
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Fig. 25.8.1 Exstrophy of the cloaca. Note extension of defect to umbilicus, 
separation of genital structures, and imperforate anus.

Exstrophy of the cloaca is an extensive abdominal wall defect 
(Fig. 25.8.1).1-4 There is bladder exstrophy with the bladder 
classically separated into two halves (hemibladders). A poorly 
developed hindgut protrudes into the defect through the ileo-
cecal valve, with the characteristic appearance of an “elephant 
trunk.” Imperforate anus is constant, and the rudimentary 
hindgut ends blindly. Defects in the neural arches lead to pro-
trusion of a soft, skin-covered mass, which in most cases con-
sists of a terminal myelomeningocele. The cord is low-lying 
and tethering is frequent. Occasionally a true open meningo-
myelocele or covered lipomeningocele is present. Omphalocele 
is frequently present and is more caudally located than the 
usual omphalocele. In males, genital malformations generally 
involve separation of the two halves of the phallus as well as 
the prostatic and urethral tissues. The testicles are typically 
undescended. In females the clitoris may be absent or bifid, 
and a variety of vaginal and uterine anomalies may be present. 
Rarely, in both sexes, there is a smooth perineum without any 
identifiable genital parts.

Variants in cloacal exstrophy are relatively common.5,6 
Closed cloacal exstrophy should be considered in cases of 
anorectal malformations with separated pubic bones and a 
low-placed umbilicus. Exstrophy of the cloaca can be differen-
tiated from the less severe exstrophy of the bladder by the con-
sistent presence of imperforate anus and an abnormal hindgut. 
Spinal defects are generally not seen in bladder exstrophy.

Lower vertebral defects including extra vertebrae, missing 
vertebrae, and hemivertebrae have been present in about 50 
to 60 percent of cases. Up to 25 percent of patients have short 
gut syndrome with its associated complications. Other gastro-
intestinal defects include single umbilical artery, duplicated 
colon, and malrotation. Various renal malformations are seen 
in about half the patients. These may include unilateral renal 
agenesis, multicystic kidney, renal dysplasia, pelvic kidney, 
crossed renal ectopia, and ureteral atresia. Defects distant from 
the abdominal wall are uncommon but are somewhat more 
frequent than in bladder exstrophy. Chiari malformations 
and/or hydrocephalus may be seen in patients with associated 

spinal dysraphism. Rarely associated anomalies may include 
congenital heart disease, craniosynostosis, limb defects, oral 
clefts, and diaphragmatic hernia.

Cloacal exstrophy has an estimated incidence of 1 per 
200,000 births.7-9 Feldkamp et al. reported the anomaly in 1 per 
131,579 total births and 1 per 184,195 livebirths in a summary 
of 26,355,094 births from 22 programs participating in the 
International Clearinghouse for Birth Defects Surveillance and 
Research.7 There was substantial geographic variation in that 
study. There is some evidence for decreasing incidence. There 
have been no consistent environmental risk factors, and there 
does not appear to be an association with maternal or paternal 
age. Associated chromosome anomalies and syndromes have 
been reported rarely. Both discordant and concordant twins 
have been reported multiple times, and it appears that twin-
ning is more common in affected pregnancies. Prenatal diag-
nosis has been made using ultrasound and maternal serum 
alphafetoprotein.10

Treatment: Cloacal exstrophy is a complex anomaly requir-
ing individualized care in an experienced specialty center. 
Immediately after birth the exposed tissues should be pro-
tected with a bowel bag or equivalent strategy and the child 
medically stabilized. Karyotype should be obtained for assis-
tance with gender determination. Imaging should be obtained 
to determine the extent of associated anomalies. Surgical man-
agement is generally undertaken in the initial 48 to 72 hours. 
The goals of surgical repair are abdominal and bladder wall 
closure, preservation of renal function, avoidance of short gut 
syndrome, creation of functional genitalia, and attainment of 
continence. The majority of patients will require multiple sur-
geries later in life for bladder augmentation. Gender assign-
ment can be a complicated issue. Historically, genetically male 
patients with inadequate phallus were reassigned as female, 
but evidence has mounted that these patients commonly dis-
play male behavior patterns and frequently question gender 
identity in adulthood. It remains a controversial issue, but the 
majority of urologists now support maintaining male gender 
in 46,XY individuals with cloacal exstrophy.

Prognosis: Survival rates with cloacal exstrophy have 
improved substantially and now approach 100  percent. Short 
gut syndrome with associated nutritional issues may occur. The 
majority of affected individuals have spinal dysraphism with 
associated neurogenic bladder and require intermittent cath-
eterization for long-term acceptable urinary continence. Most 
patients also rely on the colostomy as a permanent diversion, 
although some are candidates for eventual pull-through. There 
is limited evidence regarding long-term sexual and psychologi-
cal function. In very small studies, the majority of adult females 
were sexually active and half were completely satisfied with their 
sexual function while all the men had feelings of inadequacy 
and only one of eight was able to achieve vaginal intercourse.
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26 | UPPER GASTROINTESTINAL TRACT

H. EUGENE HOYME AND ROGER E. STEVENSON

introDUction

There are two major steps in development of the gastrointestinal 
tract: formation of the gut tube and formation of the individual 
organs with their specialized cell types. Gastrulation, during 
which the axes of the embryo are determined and formation 
of the gastrointestinal tract is initiated, is an essential early step 
in development of all multicellular organisms.1-3 Gastrulation 
gives rise to three germ layers, including the endoderm, the 
precursor to the epithelial lining of the gastrointestinal tract. 
Genetic regulation of formation of the endoderm is less well 
understood than that of the other two germ layers, but signifi-
cant progress is now being made in this area.4-8

Malformations of the upper gastrointestinal tract may be 
caused by chromosome aberrations, a number of single gene 
mutations, and certain prenatal environmental influences. 
Often the malformations are occult, becoming symptomatic as 
the infant begins feedings. Those malformations with severe 
obstruction of the upper gastrointestinal tract may be heralded 
during pregnancy by polyhydramnios.

A N AT O M I C A L  E M B RY O L O G Y

The foregut consists of endoderm and extends from the phar-
ynx to where the liver buds off the duodenum. In the pharynx, 
the tube forms outpocketings called pharyngeal pouches that 
lie opposite pharyngeal clefts, and together these structures 
separate each of five well-developed columns called pharyn-
geal arches. Each pouch and cleft is separated by a thin layer 
of tissue comprised of all three germ layers. The first pouch 
forms the auditory tube, while the remainder form a multitude 
of glands, including the palatine tonsils, parathyroids, and thy-
mus. The thyroid gland forms from proliferation of endoderm 
in the midline on the floor of the pharynx.

The esophagus differentiates from the foregut region of the 
gut tube, as does the stomach. Initially the esophagus is quite 
short; however, as it further develops it elongates more rapidly 
than the embryo as a whole. Final length of the esophagus is 
not attained until approximately seven weeks, at which time 
the abdominal portion of the esophagus is relatively longer 
than in the adult.

The musculature of the esophagus is formed by sur-
rounding mesenchymal elements, being striated in the upper 
two-thirds and innervated by the vagus nerve and being 
smooth in the lower one-third and innervated by splanchnic 

plexus.1-3 The circular muscle is present at eight weeks, but the 
longitudinal muscle does not appear until approximately 13 
weeks of gestation. In fetuses, the thickness of the muscula-
ris externa increases linearly from eight weeks to term; then 
growth slows postnatally. Neurons can be recognized con-
comitantly with circular muscle at eight weeks. The density 
of neurons peaks at 16 to 20 weeks, decreases rapidly in the 
second trimester, and is reduced further toward adult levels in 
the newborn infant. Maximal numbers of ganglion cells and 
nerve fibers in the myenteric plexus are also observed at 16 to 
20 weeks. Their density decreases with increasing gestational 
age to 30 weeks, thereafter becoming constant despite further 
esophageal growth.9

The esophageal lumen is initially rounded but becomes 
flattened dorsoventrally in the upper esophagus and laterally 
in the lower esophagus during the fifth week. Extensive lon-
gitudinal folding of the wall then begins to occur in humans. 
At 10 weeks, ciliated columnar epithelium appears. Stratified 
squamous epithelium replaces it at around 20 to 25 weeks, a 
process that begins in the mid-esophagus and proceeds in both 
the cephalic and caudal directions.10

Fetal swallowing can be detected as early as 11 weeks of 
gestation, with sucking movements observed between 18 
and 20 weeks.11 The swallowing of amniotic fluid begins very 
slowly at a few milliliters per day and increases to 450 ml/day 
in the third trimester.4

The locations of the malformations of the esophagus are 
depicted in Figure 26.I.1, and a summary of their characteris-
tics is set forth in Table 26.I.1.2,12

The tracheopharyngeal tree and lungs develop from a ven-
tral evagination in the foregut.1-3,12,13 One model suggests that 
lateral ridges form in the proximal foregut, deepen to meet in 
the midline producing two lumens, with separation of the ven-
tral tracheal component from the dorsal esophageal compo-
nent in a caudal to cranial direction. A second model has the 
respiratory tree developing as an outgrowth from the proximal 
foregut.

In the case of the stomach, the posterior wall of the gut 
tube grows faster than the anterior wall creating the greater 
and lesser curvatures, respectively.14 In addition, the stomach 
rotates 90o along its longitudinal axis, bringing the left side 
anteriorly and the right side posteriorly. It also rotates around 
a horizontal axis, such that the pyloric region moves to the 
right and upward and the cardiac portion moves to the left and 
downward. Musculature for the stomach and the esophagus 
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differentiates from splanchnic mesoderm surrounding these 
structures.

The locations of malformations of the stomach are depicted 
in Figure 26.I.2, and a summary of their characteristics is set 
forth in Table 26.I.2.

The cephalic portion of the duodenum is also a foregut 
derivative, and its endoderm proliferates to form buds that dif-
ferentiate into the liver, gall bladder, and pancreas. Connective 
tissue for these organs is derived from the surrounding splanch-
nic mesoderm. In the fifth week the pancreas begins to form 
from two endodermal proliferations and outpocketings on 

opposite sides of the gut tube, the dorsal and ventral buds. Due 
to differential growth and gut rotation, the ventral bud moves 
around to the side of the dorsal bud and the two fuse. The ven-
tral bud then forms the uncinate process and inferior part of the 
head of the pancreas, while the dorsal bud forms the remainder 
of the definitive gland. In addition to forming buds, this seg-
ment of the duodenum undergoes a solid phase whereby the 
original lumen is obliterated by the proliferation of endoderm. 
Recanalization then creates a new lumen for the tube.

M O L E C U L A R  E M B RY O L O G Y

While several signaling pathways (SHH, BMP, WNT, FGF) 
and transcription factors (Eya1, Foxn1, Hoxa3, Pax1, Pax9, 
Six1, Six4, Tbx1) are known to be involved in early devel-
opment of the thymus, a mechanistic framework has yet to 
be clearly delineated.15 Both BMP4 and SHH signaling are 
required for growth of the trachea and its separation from the 
esophagus. Along the anterior-posterior axis, differential HH 
and BMP signaling activity specifies the foregut, midgut, and 
hindgut regions. In the epithelium of the unseparated foregut 
tube, reciprocal expression of Sox2 and NKx2.1 is required 
for dorsal-ventral patterning and proper foregut morphogen-
esis.7 Shh expression in the gut endoderm activates Bmp4 and 
Foxf1 expression in the ventral mesoderm, which gives rise to 
smooth muscle and mesenchyme.8 In the region of the stom-
ach, differentiation and proliferation of gland epithelial cells 
is directed by mesenchymal BMP2 activation of Fgf10 expres-
sion. Meanwhile, Shh expression in the luminal epithelium 
activates Six2 while repressing Gata5, a transcription factor 
strongly expressed in the gland epithelium.16

In addition to the genetic programming that leads to for-
mation of individual differentiated cell types, multiple extrinsic 
factors may regulate development of the gastrointestinal tract. 
All cells are exposed to circulating factors in the fetal blood, 

Fig. 26.I.1 Locations of malformations of the esophagus. (Adapted from 
Skandalakis and Gray.2)

TABLE 26.I .1  anomalies of the esophagus

anomalY

onset of 

malformation

aGe at 

DiaGnosis

seX 

preponDerance freQUencY remarKs

Esophageal atresia/stenosis, 
tracheoesophageal fistula

21–34 days Birth Equal 1:3,000
live births

Esophageal webs/rings 7th week Any age Male Rare May remain asymptomatic

True duplications 7th week Any age Unknown Very rare May remain asymptomatic

Enterogenous cysts End of 3rd week Any age Female Rare

Diverticula Beyond 5th month Any age Male Uncommon Muscular weakness may exist 
without herniation occurring

Heterotopic mucosa Beyond 5th month Any age Equal Common May remain asymptomatic

Congenital short esophagus 7th week Any age Male Rare May remain asymptomatic

Achalasia 6th week Infancy Equal Uncommon Adult onset cases are acquired, 
not malformations

Chalasia 6th week Early infancy Equal Uncommon

Adapted from Skandalakis and Gray.2
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whose levels change during development.17 When it becomes 
patent and swallowing begins, the fetal gastrointestinal tract is 
exposed to trophic factors in the amniotic fluid, whereas post-
natally the GI tract is exposed to trophic factors in milk.18
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Fig. 26.I.2 Locations of malformations of the stomach. (Adapted from 
Skandalakis and Gray.2)

TABLE 26.I .2  anomalies of the stomach

anomalY

emBrYonic onset 

of Defect

time of clinical 

appearance

seX 

preponDerance freQUencY remarKs

Microgastria 4th week Birth ? Very rare

Gastric atresia/stenosis 6th–7th weeks Atresia at birth;
stenosis any age

Equal Rare Stenosis may be acquired

Pyloric stenosis 6th–7th weeks
(in some cases);
2nd postnatal week
(majority of cases)

2–4 weeks
after birth

Male Very Common Most cases develop 
postnatally; few have 
embryonic origin

True gastric diverticula ? 40–70 Years Equal Rare May be acquired

Duplication of stomach 3rd week Any age Female Rare

Defects of gastric musculature 8th–10th weeks Infancy ? Rare May be acquired

Ectopic stomach 10th week Any age ? Rare

Mucosal heterotopia 4th–5th weeks Any age Equal Common Usually asymptomatic

Adapted from Skandalakis and Gray.2
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26.1 pHarYnGeal fistUlas, sinUses, anD cYsts

(Cervicoaural Fistulas, Lateral Cervical Fistulas, Pharyngeal Cleft and Pouch Anomalies)

Definition: Persistence of remnants of the branchial apparatus resulting in epithelium-lined cysts, sinuses, and fistulas of the 
pharynx.

ICD9/ICD10: 744.41, 744.42, 744.49/Q18.0, Q18.2 Syndrome Associations (Appendix)
Branchiootofacial (TRAP2A)
Branchiootorenal (EYA1, SIX5)
Branchiootoureteral
Branchioskeletogenital

Birth prevalence: unknown

Associated anomalies: genitourinary, skeletal

Laboratory studies: radiographs with contrast, CT, MRI, 
ultrasonography

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

Pharyngeal fistulas are patent tubular communications 
between the pharynx and the skin. External sinuses are blind 
openings extending inward from an orifice opening on the 
skin; internal sinuses are blind structures extending outward 
from an opening in the pharynx. Cysts are spherical structures 
lying along the track of a pharyngeal pouch or cleft, having no 
communication with the surface either at the skin or with the 
pharynx.1-7

Cervicoaural fistulas extend from the angle of the mandible 
and usually open into the external auditory canal. These fistulas 
originate as remnants of the first pharyngeal cleft. Lateral cervi-
cal fistulas extend from the lower neck anterior to the sternoclei-
domastoid muscle and open into the pharynx near the tonsillar 
fossae. These fistulas originate from the second pharyngeal 
cleft and pharyngeal pouch (Table 26.1.1, Fig. 26.1.1). External 

pharyngeal sinuses are blind-ending spaces that have the same 
external appearance as fistulas and may be derived from either 
the first or the second pharyngeal cleft. Internal sinuses are usu-
ally of second pouch origin and open into the region of the ton-
sillar fossae, having no external openings at the skin.1-7

External sinuses or fistulas are usually found as small 
openings either at the corner of the mandible or near the 
anterior border of the sternocleidomastoid muscle in the 
neck. The opening of the structure may be slightly raised or 
slit-like. Application of pressure to the surrounding area may 
cause small quantities of fluid to escape through the orifice. 
Secondary infection of these structures is quite common.

Internal sinuses are often asymptomatic. If the internal 
opening does not drain easily, infection may occur and/or there 
may be dysphagia or hoarseness from pressure on the laryngeal 

Fig. 26.1.1 Branchio-oto-renal (BOR) syndrome. Note prominent cupped pinnae and branchial cleft sinus (arrow).
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nerve. If the opening is large, the sinus may collect food par-
ticles, leading to the patient complaining of foul taste or odor.

Nearly all cystic remnants of the pharyngeal apparatus 
are derived from the second pouch or cleft.2 They may be 
found anywhere along the pathway of a second cleft fistula. 
They generally present as swellings in the upper neck along 
the edge of the sternocleidomastoid muscle. The patient may 
state that the swelling has been there for years. Occasionally 
they are described as fluctuating in size, probably indicating 
internal sinuses with small openings into the pharynx. Usually, 
cysts are moveable and painless. Pharyngeal cleft cysts include 
squamous epithelium in 90 percent, respiratory epithelium in 
10  percent, and surrounding lymphoid tissue in 80  percent. 
The cysts may contain birefringent cholesterol crystals.8

Diagnosis of these remnants generally has been based on 
clinical findings. However, various diagnostic studies can be 
performed to delineate the entire anatomy of the cyst. Contrast 
medium may be injected into an internal or external orifice, fol-
lowed by radiographic studies to delineate the exact anatomy.1,2 
Alternatively, ultrasonographic, computed tomography, and mag-
netic resonance imaging studies of the soft tissues of the neck have 
been utilized to diagnose these malformations accurately.3,9

Neck masses are extremely difficult to diagnose. 
Approximately 50 percent of such masses are of thyroid ori-
gin. The remainder are neoplastic, inflammatory, congenital, 
or functional swellings. Of the non-neoplastic masses of con-
genital origin in the neck, 72 percent are cysts of the thyroglos-
sal duct, 24 percent are pharyngeal cysts, sinuses, or fistulas, 
and 4  percent are cystic hygromas. Skandalakis et  al. found 
that pharyngeal cleft anomalies accounted for less than 2 per-
cent of nonthyroid neck masses in a series of 142,118 surgical 
admissions to Atlanta hospitals between 1954 and 1963.10 In a 
series of 71 patients (39 males and 32 females) with pharyn-
geal cleft malformations evaluated at the Children’s Hospital of 
Philadelphia, 23 pharyngeal cleft cysts (30 percent), 50 sinuses 
(66 percent) and 3 fistulas (4 percent) were identified.11 A cor-
rect preoperative diagnosis was established in 60 (85 percent) 
of the patients, being highest for patients with pharyngeal cleft 
fistulas. Incorrect preoperative diagnoses included thyroglos-
sal duct cyst, cervical lymphadenitis, dermoid, dermal inclu-
sion cyst, lymphangioma, and malignant neoplasm.

Most cases of congenital pharyngeal fistulas, sinuses, and 
cysts occur sporadically in otherwise normal families. However, 
they occur as a component of several heritable syndromes, and 
autosomal dominant inheritance has been described.12-17

These anomalies are bilateral in approximately one-third 
of cases, the right side being affected more commonly than the 
left. No gender predilection has been noted.1,3,11

Treatment: The only effective treatment for pharyngeal 
apparatus remnants is complete excision of the walls of the 
cyst, sinus, or fistula. These structures should be removed as 
early in life as possible to avoid recurrent infection.1-7 Presence 
of these defects should prompt the clinician to search for other 
abnormalities in formation of the pharyngeal apparatus. In 
particular, hearing screening should be performed in infancy 
to rule out conductive or mixed hearing loss accompanying 
middle ear malformations.1-7 Renal imaging should also be 

TABLE 26.1.1  Derivatives of the pharyngeal arches, clefts, and 

pouches

pHarYnGeal 

strUctUre nerVe DeriVatiVes

I. Arch 
(mandibular)

V. Trigeminal-  
mandibular division

Quadrate cartilage-incus
Tragus and crus of pinna
Meckel’s cartilage-malleus, 
anterior ligament of malleus,
Sphenomandibular ligament, 
portion of mandible
Muscles of mastication
Mylohyoid muscle
Anterior belly of 
digastric muscle
Tensor palatine and tensor 
tympani muscles
Body of tongue

Cleft External auditory canal

Pouch Middle ear cavity
Mastoid air cells

II. Arch (hyoid) VII. Facial
VIII. Auditory

Stapes
Styloid process
Stylohyoid ligament
Lesser horn and upper portion 
of the body of the hyoid
Muscles of facial expression
Posterior belly of 
digastric muscle
Stylohyoid muscle
Stapedius muscle
Root of tongue
Foramen cecum
Thyroid gland

Pouch Palatine tonsil
Supratonsillar fossa

III. Arch IX. Glossopharyngeal Hyoid (greater horn and part 
of body)
Part of epiglottis
Stylopharyngeus muscle
Upper pharyngeal constrictor 
muscles

Pouch Inferior parathyroid
Pyriform fossa
Thymus

IV–VI. X. Vagus Thyroid
Laryngeal cartilages (thyroid, 
cricoid, arytenoid, corniculate, 
and cuneiform)
Part of the epiglottis
Crycothyroid muscle
Levatopalatine muscle
Constrictor muscles of the 
pharynx
Intrinsic muscles of the larynx

Pouches Superior parathyroid
Thymus
Ultimobranchial body

Data are from Sadler18 and Skandalakis and Gray.1
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carried out in sporadic cases to rule out the branchiootorenal 
or branchiootoureteral syndromes.12-14

Prognosis: Twenty-five percent of patients with these persis-
tent embryonic structures have repeated local infections. It has 
also been suggested that there may be some malignant poten-
tial in persistent pharyngeal remnants.
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26.2 conGenital pHarYnGeal DiVerticUla

Definition: Congenital pouches of the lateral or posterior walls of the pharynx.

ICD9/ICD10: 750.27/Q38.7 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: none

Laboratory studies: contrast radiographs, endoscopy

Prenatal diagnosis: unlikely

Cause: sporadic

Small pharyngeal diverticula may produce little or no symp-
toms. Larger diverticula cause swelling of the neck, respira-
tory embarrassment, and/or dysphagia. Diagnosis is made by 
videographic or cineradiographic contrast techniques and/or 
pharyngoesophagoscopy.1

Although lateral pouches are considered remnants of 
the third or fourth pharyngeal clefts, posterior pharyngeal 
pouches or diverticula may be of heterogeneous etiology. The 
majority of these posterior diverticula are most likely acquired, 
presenting in later life.1,2 However, many of these diverticula 
are of early gestational onset (accompanying a congenital 
defect between the muscle layers in the pharyngoesophageal 
segment) as evidenced by the fact that there is an association 
of such structures with congenital cervical vertebral fusion 
defects.1,3 Pharyngeal diverticula have also been seen in asso-
ciation with the severe autosomal recessive form of cutis laxa.4 
In infants, large posterior pharyngeal diverticula can simulate 
atresia of esophagus.

Over time, pharyngeal pouches or diverticula may enlarge to 
recurrent distension with food particles. The affected individual 

may have hoarseness, difficulty breathing, and/or dysphagia. 
Patients may complain of regurgitation of portions of undigested 
food into the mouth. When the opening of the diverticulum is 
located above the superior esophageal sphincter, there is no bar-
rier to prevent spontaneous episodes of aspiration pneumonitis.

In general, any diverticulum arising in the pharyngo-
esophageal region and producing symptoms warrants treat-
ment. Surgical diverticulectomy is the recommended course 
of treatment. Carcinoma has also been observed as a complica-
tion of pharyngeal diverticulum.
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26.3 esopHaGeal atresia anD tracHeoesopHaGeal fistUla

Definition: Congenital discontinuity of the lumen of the esophagus.

ICD9/ICD10: 750.3/Q39.0, Q39.1 Syndrome Associations (Appendix)
CHARGE (CHD7, SEMA3E)
Dyskeratosis congenita (DKC1, TERT, TINF2, RTEL1, 
NOLA1, NOLA2, TCAB1)
Oculoauriculovertebral
Telecanthus-hypospadias (MID1)
VACTERL
Trisomies 18, 21
del 22q11.2
Maternal phenylketonuria

Birth prevalence: esophageal atresia: 1/3,000–1/3,500, 
esophageal stenosis: 1/25,000–1/50,000

Associated anomalies: cardiac, skeletal, genitourinary, 
gastrointestinal

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography detection of 
polyhydramnios, swallowing dynamics and size of 
stomach

Cause: sporadic, multifactorial, chromosomal, Mendelian

Atresia of the esophagus generally presents within the first few 
hours of life. Excessive salivation and drooling during the first 
day of life should suggest this diagnosis.1-3 Coughing, gagging, 
vomiting, and/or cyanosis occur with feedings. Diagnosis of 
esophageal atresia may be suspected by an inability to pass a 
nasogastric tube beyond an upper esophageal obstruction. 
The radiographic appearance of a coiled nasogastric tube in 
an air-filled upper pouch is diagnostic of esophageal atresia. 
Confirmation of the diagnosis may be made by instilling a 
small amount of radiopaque contrast material into the upper 
esophageal pouch and obtaining a radiograph of the chest and 
abdomen; the blind upper esophageal obstruction is thus dem-
onstrated (Fig. 26.3.1). The presence of gas in the stomach or 
more distally in the intestine confirms the presence of a TE fis-
tula (since there is no other way that gas could reach the bowel 
beyond the esophageal obstruction). If there is no gas in the 

intestine, the clinician may deduce that there is no fistulous 
connection between the trachea and the esophagus superior to 
the obstruction. Rarely, in less than 1 percent of cases of TE 
fistula, the fistulous connection is too small to allow air distally 
into the intestines in the first few hours of life. Esophageal atre-
sia is commonly suspected prenatally by a combination of poly-
hydramnios, reduced intraluminal liquid in the fetal gut, and 
an inability to detect the fetal stomach on prenatal ultrasound.4

The five types of esophageal atresia and TE fistula are dia-
grammed in Figure 26.3.2. The most frequent form by far is 
type C, in which the upper esophagus ends as a blind pouch, 
and the lower segment forms a fistula with the trachea. This 
accounts for approximately 90 percent of cases. Type A, iso-
lated esophageal atresia, accounts for 4 percent of cases as does 
H-type TE fistula without esophageal atresia. Types B and D 
(esophageal atresia with an upper fistula and esophageal atresia 

Fig. 26.3.1 Radiographs of an infant with esophageal atresia and distal tracheoesophageal fistula. Note dilated proximal esophageal pouch (arrows), air in the 
stomach, and segmentation anomalies of the dorsal vertebrae. (Courtesy of Dr. Rodney J. Macpherson, Medical University of South Carolina, Charleston.)
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with a double fistula) account for 1 percent each.5 There is no 
sex preponderance. Low birth weight frequently is observed in 
affected children, and prematurity is common.3

As many as 55  percent of cases with esophageal atre-
sia are associated with other malfomations.3,6-9 Amae et  al. 
reported that 4.8 percent of patients with esophageal atresia 
displayed a concomitant stenosis of a different esophageal 
segment, although co-occurrence rates of esophageal atresia 
and esophageal stenosis ranging from 0.4 percent to 14 per-
cent have been described.10,11 More commonly, reported asso-
ciated defects have been part of the VACTERL association 
(vertebral anomalies, anal atresia, cardiac defects, tracheo-
esophageal fistula/esophageal atresia, renal anomalies, and 
limb defects). The frequencies of associated defects in chil-
dren ascertained with the TE fistula/esophageal atresia are set 
forth in Table 26.3.1.

Presence of this malformation should prompt the clini-
cian to search for the anomalies of the VACTERL association 
as well as to consider the multiple malformation syndromes 
of which these malformations may be a part. Although recur-
rence risks with subsequent pregnancies are likely to be very 
low, ultrasound studies to assess the amount of amniotic 
fluid and/or the dynamics of fetal swallowing and the size of 
the stomach may be used to assess the integrity of the fetal 
esophagus with the subsequent pregnancies of the parents of 
an affected child.6,11

The separation of the trachea from the esophagus nor-
mally occurs during the fourth week postconception (Fig. 

26.3.3).12 Esophageal atresia results when a disproportionate 
amount of endoderm becomes organized into the trachea, 
leaving too little to form the esophagus. It has been hypoth-
esized that the larger the communication between the trachea 
and the esophagus the earlier the defect most likely occurred.12 
It is possible that intrauterine anoxia or mechanical stresses 
leading to vascular compromise might produce focal necro-
sis of the esophagus, resulting in atresia or tracheoesophageal 
communication.2

E S O P H A G E A L  S T E N O S I S

Usually, esophageal stenosis is diagnosed later than atresia. 
Symptoms and signs of esophageal stenosis consist of regurgi-
tation of food, dysphagia, food impaction and growth failure. 
Occasionally the symptoms do not appear until the child is fed 
solid food. Due to the narrowing of the esophagus, progres-
sive dilation superior to the defect may result. This enlarge-
ment of the esophagus above the level of obstruction may 
partially obstruct the trachea or bronchi and produce respi-
ratory embarrassment. Esophageal stenosis may be diagnosed 
by barium swallow radiographic study or esophagoscopy.10,11 
Endoscopic ultrasonography may be an additional useful diag-
nostic adjunct.13

Congenital esophageal stenosis is much more rare than 
esophageal atresia.14,15 There is no gender predisposition.10 The 
incidence of associated anomalies has been reported to range 
between 17 and 33  percent.11 Congenital esophageal steno-
sis most likely is etiologically related to esophageal atresia, as 
borne out by the fact that associated anomalies in esophageal 
stenosis mirror those described in association with esophageal 
atresia. Esophageal stenosis may also be acquired postnatally, 
secondary to iatrogenic trauma to the esophagus, especially 
with chronic nasogastric intubation.

Esophageal stenosis, esophageal atresia, and/or TE fistula 
not part of multiple malformation syndromes are thought to 
be multifactorially determined, involving both polygenic and 
poorly determined environmental factors during gestation. 
An epidemiologic study of 149 cases ascertained through the 
British Columbia Health Surveillance Registry found no asso-
ciation with season, month, or trends of hepatitis, rubella, sal-
monella, or rubella infections.16 Recurrence risks for sibs of an 
affected child are low, probably less than 1 percent.

Fig. 26.3.2 Schematics of various types of esophageal atresia (EA) and/or tracheoesophageal fistula (TEF). A: EA without TEF. B: EA with proximal TEF. C: EA with 
distal TEF. D: EA with proximal and distal TEF. E: TEF without EA.

TABLE 26.3.1  esophageal atresia and te fistula: associated 

anomalies and their relative frequencies

Defect % of cases affecteD

Cardiac anomalies 29–37

Anorectal malformations 11–17

Skeletal/vertebral defects 10–49

Genitourinary anomalies 11–28

Gastrointestinal defects 8–13

Data are from various series.3,6-9
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Treatment: Current surgical techniques allow for an excel-
lent prognosis in most children with these disorders. The 
exact surgical technique utilized and the associated progno-
sis depend on the particular anatomy of the malformations. 
A one-step, end-to-end anastomosis of the cranial and cau-
dal portions of the esophagus, with ligation of associated TE 
fistula, is feasible in all but a small number of cases. If the 
distance between the blind upper pouch and the lower seg-
ment of the esophagus is too great to perform an end-to-end 
anastomosis, stretching of the upper pouch must first be per-
formed. Techniques to stretch the lower segment have also 
been employed. Rarely, if the missing esophageal segment is 
so large as to preclude union of the ends, esophageal recon-
struction with a colonic segment or gastric tube must be 
performed.3,5,6,12

Prognosis: There has been dramatic improvement in the 
prognosis during the last 70 years. Prior to that time, children 
with esophageal atresia invariably died. Overall mortality is 
10 percent to 15 percent, usually in conjunction with multiple 
severe associated anomalies.

Long-term complications following surgical repair include 
stricture at the site of the anastomosis, recurrent fistulas, and 
a brassy cough. The cough is the result of poor cartilaginous 
development in the posterior trachea. Patients also have 
long-term complaints of dysphagia accompanying defective 
esophageal motility.
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Fig. 26.3.3 Partitioning of the foregut into the esophagus and trachea during embryonic stages 11–16. Lower figures show abnormal partitioning, resulting in 
esophageal atresia and tracheoesophageal fistula.
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26.4 esopHaGeal WeBs anD rinGs

Definition: Membranous or diaphragmatic circumferential partial obstructions of the esophageal lumen.

ICD9/ICD10: 750.3/Q39.4 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: barium swallow radiographs, 
endoscopy

Prenatal diagnosis: unlikely

Cause: sporadic

Esophageal webs usually involve only mucosal elements; 
muscular fibers are generally absent. They may be located in 
mid-esophagus, associated with a TE fistula, or may be found 
in an otherwise normal esophagus.

Just as in true esophageal stenosis, symptoms appear 
later than in patients affected with esophageal atresia. 
Affected children have repeated vomiting, food impaction, 
dysphagia, and growth failure. Dilation of the esophagus 
above the level of the obstruction can mechanically obstruct 
the trachea and bronchi, producing wheezing, choking, cya-
nosis, and pneumonia. Diagnosis is made by radiographic 
barium swallow studies or esophagoscopy.1 Most cases of 
esophageal webs involve congenital redundancies of mucosa 
that results during embryogenesis from excessive mucosal 
folding.

No data exist regarding recurrence risks. However, this has 
not been described as a familial anomaly, nor has it been described 
as a recognizable part of multiple malformation syndromes.

Management of these lesions has been variable. Some 
authors have suggested conservative management with peri-
odic dilations or endoscopic treatment.1 Others have advo-
cated surgical excision of the membrane or diaphragm, leaving 
a nasogastric tube in place for several days.2 Prognosis follow-
ing surgical treatment is excellent.
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26.5 tUBUlar esopHaGeal DUplications

Definition: Tubular channels parallel to the esophagus, usually communicating with the main esophageal lumen or stomach.

ICD9/ICD10: 750.4/Q39.8 Syndrome Associations (Appendix)
None

Birth prevalence: unknown, but rare

Associated anomalies: none

Laboratory studies: barium swallow radiographs, 
endoscopy

Prenatal diagnosis: unlikely

Cause: sporadic

Duplications of the esophagus are the second most common type 
of intestinal duplication (following ileal duplication) account-
ing for 15 to 20 percent of all reported intestinal duplications.1-3 
Tubular duplications of the esophagus are separated from the 
true esophageal lumen by mucosal tissue only; no muscular 
fibers are found in the wall that separates the duplicated segment 
from the true esophagus.1-4 Tubular duplications may be con-
nected to the lumen of the intestinal tract both inferiorly and 

superiorly, or there may be a connection at one end only. Cystic 
duplications of esophageal tissue in the mediastinum with-
out alimentary communication (enterogenous cysts) and true 
esophageal diverticula are considered in Entries 26.6 and 26.7.

The exact birth prevalence of this anomaly is unknown. 
Complete duplication of the esophagus is extremely rare and is 
often associated with gastric duplication.5 Visualization of the 
duplicated segment in complete esophageal duplication is often 
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not appreciated until after diagnosis and surgical repair of asso-
ciated gastric duplication.5,6 Many cases of esophageal duplica-
tion have been described coincidentally at autopsy in totally 
asymptomatic individuals. Alternatively, patients have been 
described with intermittent episodes of dysphagia accompany-
ing inflammation of the duplicated segment and/or distension 
of the duplicated segment secondary to food particles becom-
ing trapped in the blind pouch. Diagnosis may be made by 
radiographic barium swallow studies and/or by esophagoscopy.

This anomaly generally occurs sporadically in otherwise 
normal individuals. There is no known association with recog-
nizable multiple malformation syndromes. These intramural 
duplications arise by abnormal mucosal folding of the esopha-
gus during embryogenesis.

Treatment: Treatment depends on the degree of symp-
tomatology in an affected patient. Surgical excision of the 
membrane separating the true from the false lumens of the 
esophagus has been performed.7

Prognosis: The fact that many affected individuals with 
this disorder have been discovered serendipitously at autopsy 

implies that, in the absence of distension of the blind pouch 
and/or without inflammation of the involved mucosa, affected 
patients may remain asymptomatic. Patients have been 
described in the medical literature who remained asymp-
tomatic for long periods of time until inflammation of the 
duplicated segments led to dysphagia and subsequently to 
diagnosis.4,8

REFERENCES

 1. Macpherson RI: Gastrointestinal tract duplications: Clinical, pathologic, 
etiologic and radiologic considerations. Radiographics 13:1063, 1993.

 2. Bower RJ, Sieber WK, Kiesewetter WB: Alimentary tract duplications in 
children. Ann Surg 188:669, 1978.

 3. Hocking M, Young DG:  Duplications of the alimentary tract. Br J Surg 
68:92, 1981.

 4. Skandalakis JE, Gray SW:  Embryology for Surgeons:  The Embryological 
Basis for the Treatment of Congenital Anomalies, ed. 2. Williams and 
Wilkins, Baltimore, 1994, p 89.

 5. Berrocal T, Torres I, Gutierrez J, et al.: Congenital anomalies of the upper 
gastrointestinal tract. Radiographics 19:855, 1999.

 6. Herman TE, Oser AB, McAlister WH: Tubular communicating duplica-
tions of esophagus and stomach. Pediatr Radiol 21:494, 1991.

 7. Borrie J, Wilson RLK: Oesophageal diverticula: principles of management 
and appraisal of classification. Thorax 35:759, 1980.

 8. Frank RC, Paul LW: Congenital reduplication of the esophagus. Report of 
a case. Radiology 53:417, 1949.

26.6 enteroGenoUs cYsts

Definition: Mediastinal cysts of foregut origin.

ICD9/ICD10: 748.8/Q34.1, Q89.8 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: vertebral, genitourinary

Laboratory studies: radiographs, ultrasonography,  
MRI, CT

Prenatal diagnosis: ultrasonography, MRI

Cause: sporadic

Duplications of the foregut may be either cystic or tubular and 
account for 15 to 20  percent of all alimentary tract duplica-
tions.2-4 Cystic duplications have been termed enterogenous 
cysts. Enterogenous cysts occur in the prevertebral portion of 
the superior mediastinum or in the posterior mediastinum. 
These anomalous structures may be lined with epithelium 
derived from either the alimentary tract or respiratory tract.1-6 
In fact, several mucosal types frequently exist in different parts 
of the same cyst. For example, gastric mucosa and exocrine 
and endocrine pancreatic tissues have been described in enter-
ogenous cysts.7,8 Dorsal enterogenous cysts in the thorax are 
usually found in association with the middle and lower thirds 
of the esophagus. In general, dorsal enteric cysts lie poste-
rior to the esophagus, as opposed to true bronchogenic cysts, 
which lie lateral to the trachea.1-6

The most frequent anomalies found in association with 
posterior mediastinal enterogenous cysts are upper thoracic 

and lower cervical vertebral defects, occurring in about 50 per-
cent of patients and leading to scoliosis. Duplication of the 
small intestine is also frequently associated. Some authors have 
suggested the existence of a related triad of anomalies consist-
ing of vertebral anomalies, posterior mediastinal enterogenous 
cyst, and intestinal duplication.1-6 Esophageal atresia has also 
been described in association with an enterogenous cyst.9

Radiographic appearance of a spherical or ovoid mass hav-
ing smooth, clearly defined boundaries in the posterior medias-
tinum, together with developmental anomalies of the cervical or 
thoracic vertebrae, leads to the specific diagnosis. Occasionally, 
when duplications have connections with the intestinal lumen, 
auscultation over the cyst may reveal peristaltic sounds. These 
cysts may be more clearly anatomically defined by computed 
tomography, magnetic resonance, or ultrasound imaging.1-4,10

It has been hypothesized that the basic error in embryo-
genesis leading to these cysts occurs very early in development 
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at the stage of the notochord and prior to the existence of the 
foregut. At this state, the notochord is growing in a cranial 
direction from the primitive knot, between the ectoderm and 
the endoderm of the two-layered embryo. The notochord at 
this time is in intimate association with the endodermal cells 
from which it later separates. If the notochord fails to detach 
itself from the endoderm, such cells will be displaced superi-
orly as the tissues separate. These endodermal cells may round 
up to form a cyst. If they remain attached to the notochord 
they may also act as an impediment to later anterior fusion 
of the vertebral mesoderm, leading to anterior spina bifida.1-6

With the exception of the association with vertebral 
anomalies and intestinal duplications, enterogenous medias-
tinal cysts have not been described as being associated with 
any particular multiple malformation syndrome. Recurrence 
risks for first-degree relatives of affected individuals are likely 
quite small.

Treatment: Treatment of enterogenous cysts involves surgi-
cal removal. Mortality accompanying an enterogenous cyst 
has been described following ulceration and perforation of the 
cyst associated with the presence of gastric mucosa. Surgical 

removal may be the only method to differentiate these struc-
tures from masses of neoplastic origin found in the posterior 
mediastinum.1-6
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26.7 esopHaGeal DiVerticUla

Definition: Outpouchings of the lumen of the esophagus.

ICD9/ICD10: 750.4/Q39.6 Syndrome Associations (Appendix)
Cutis laxa (ELN, FBLN4, FBLN5, ATP6VOA2, PYCR1, 
ATP7A, SLC2A10, LTBP4, RIN2)
Ehlers-Danlos I (COL5A2, COL5A1, COL1A1)
Williams (ELN, del 7p)

Birth prevalence: rare

Associated anomalies: connective tissue anomalies

Laboratory studies: radiographs, ultrasonography,  
CT, MRI

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

Esophageal diverticula are covered with all layers of the esoph-
ageal wall. They primarily lead to dysphagia, which results only 
as the diverticula enlarge and retain food particles. Diverticula 
are demonstrated radiographically by barium swallow or by 
esophagoscopy.1-4 Computed tomography, magnetic reso-
nance, or ultrasonographic imaging may be useful diagnostic 
adjuncts.5

Esophageal diverticula are of three types:  congenital true 
diverticula, traction diverticula, and pulsion diverticula. 
Congenital true diverticula are very rare. In the few cases that 
have been described, all layers of the esophageal wall have been 
involved. Pulsion diverticula are herniations of the mucosa 
through intrinsic defects in the muscular wall of the esophagus. 
The muscular defects may be of embryonic origin; however, 
the subsequent herniation is acquired. Most of these divertic-
ula are found anteriorly in the esophagus. Traction diverticula 
result from adhesions between the esophagus and an external 

structure, leading to stretch of the external esophageal wall and 
diverticulum formation. They are usually not of embryonic ori-
gin, although there have been cases described with fibrous bands 
connecting the esophagus and the trachea, which have been sug-
gested to be remnants of TE fistulas that closed before birth.1-4

Diverticula usually occur sporadically in an otherwise 
normal individual. However, esophageal diverticula have been 
described in certain connective tissue disorders, Williams 
syndrome, the autosomal recessive form of cutis laxa, and 
Ehlers-Danlos syndrome type I (classical EDS).6-8

Congenital true diverticula arise embryonically either from 
persistence of mucosal diverticula in the embryo, or they are 
the result of small blind duplications that subsequently become 
enlarged. Pulsion diverticula are thought to result from her-
niation of mucosa through defects in the esophageal muscu-
lature. Traction diverticula result from external “pull” on the 
esophageal wall from an adhesion external to the esophagus.1-4
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Treatment: Esophageal diverticula are best treated by surgi-
cal extirpation.9,10

Prognosis: Without surgery, over time esophageal divertic-
ula may eventually rupture. There is some risk of recurrence 
of the diverticula in individuals who have undergone surgical 
treatment.
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26.8 Heterotopic Gastric mUcosa in tHe esopHaGUs

(Inlet Patch, Gastric Mucosal Patch, Cervical Inlet Patch)

Definition: Existence of gastric mucosa in the esophagus.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: 1/2–1/150

Associated anomalies: none

Laboratory studies: endoscopy

Prenatal diagnosis: none

Cause: unknown

Many individuals with heterotopic gastric mucosa in the 
esophagus are totally asymptomatic.1-5 Indeed, some autopsy 
series have found that 70  percent of individuals coming to an 
autopsy have such ectopic gastric tissue.1-3 Patients with associated 
symptomatology complain of epigastric pain. Diagnosis may be 
made by esophagoscopy. If ulcers are present they may be seen on 
radiographic barium swallow studies.2 No specific malformation 
syndromes have been described in association with this anomaly. 
The greater number of these patches of gastric mucosa has been 
found in the upper portion of the esophagus. Heterotopic gastric 
mucosal islets show a male:female ratio of 2:1.1

Treatment: If peptic ulcers result from heterotopic gastric 
mucosa, surgical extirpation of the aberrant area of the esoph-
agus may be necessary. Alternatively, medical therapy could be 
undertaken with a histamine H2 receptor antagonist.

Prognosis: The prognosis for most patients is excellent. 
However, adenocarcinoma of the upper esophagus has been 
associated with ectopic gastric epithelium.6
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26.9 conGenital sHort esopHaGUs

(Brachioesophagus)

Definition: Failure of the esophagus to elongate sufficiently for the stomach to locate below the diaphragm.

ICD9/ICD10: 750.4/Q39.8 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: intestinal, cardiac, vertebral

Laboratory studies: barium swallow imaging, CT, MRI, 
endoscopy

Prenatal diagnosis: ultrasonography

Cause: sporadic

The most common finding in individuals with congenital short 
esophagus is dysphagia since birth. It is usually associated with 
gastroesophageal reflux and vomiting, eventually resulting in 
esophagitis and stricture. Accompanying the frequent vomit-
ing are high incidences of growth failure and aspiration pneu-
monitis. The vomitus may be bloody.1-3 Diagnosis is made by 
radiographic barium swallow studies. Endoscopic examina-
tion is a useful adjunct.

Congenital short esophagus is the result of insufficient 
elongation of the esophagus. Arrest of elongation before the 
stomach has reached its infradiaphragmatic level results in a 
portion of the stomach remaining in the thorax. Congenital 
short esophagus is accompanied by intrathoracic location of 
part of the stomach. This condition should be differentiated 
from heterotopic gastric mucosa and hiatal hernia.

Although most cases are sporadic, familial occurrences 
have been described. It has been found more commonly in 
males than in females. Other intestinal anomalies (pyloric 
stenosis, malrotation of the intestines, and short colon) and 
cardiovascular anomalies have been noted in association 
with short esophagus.1,4 Recognizable multiple malformation 
syndromes have not been described in association with this 
anomaly.

Treatment: Surgical treatment for congenital short esopha-
gus is problematic. Mobilization of the esophagus to attempt 
to provide sufficient length has had some success. Other surgi-
cal techniques have attempted to elevate the diaphragm to a 
position above the stomach. Surgery on infants with congeni-
tal short esophagus does not lead to immediate cessation of 
vomiting, which may take several months to subside.

Prognosis: Congenitally short esophagus has been attended 
with high mortality. Esophageal tissue engineering offers a poten-
tial future solution for this and other esophageal malformations.5
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26.10 acHalasia

Definition: An esophageal motility disorder in which impaired peristalsis coupled with hypertrophy or spasm of the gastro-
esophageal sphincter results in retention of food in the esophagus.

ICD9/ICD10: 530.0/K22.0 Syndrome Associations (Appendix)
Achalasia-microcephaly
Allgrove (AAAS)
Riley-Day (IKBKAP)

Birth prevalence: 1/60,000–1/200,000

Associated anomalies: none

Laboratory studies: barium swallow imaging

Prenatal diagnosis: unlikely

Cause: sporadic, rarely Mendelian

In infants and young children, achalasia may present with refusal 
of feeding, vomiting of undigested food, and chronic cough. The 
diagnosis is confirmed by radiographic barium swallow studies. 
A massive esophagus with evidence of stricture or spasm at the 
gastroesophageal junction is evidence of achalasia.1,2

Achalasia may be associated with distal esophageal pulsion 
diverticula. It has been seen in association with megacolon and 
megaureter, attributable to vitamin B deficiency. Similarly, an 
acquired form of megaesophagus and achalasia is an accompani-
ment of Chagas disease. In that disorder myenteric ganglion cells 
are progressively destroyed by the parasite Trypanosoma cruzi.

It has been estimated that achalasia accounts for 18 per-
cent of all esophageal lesions. Less than 5 percent of patients 
with achalasia present in childhood, 2  percent of whom are 
less than age six. Males and females are reported to be equally 
affected, with no particular racial predilection noted.

In young children who present with achalasia it is believed 
that, as in the case of Hirschsprung disease leading to mega-
colon, there is a defect in myenteric ganglion cells. Histologic 
studies of children with achalasia have shown a marked dimi-
nution in numbers of ganglion cells.1,3 Aganglionosis is not, 
however, present in all cases. Rarely muscle fibers may be 
absent, as in familial pseudo-obstruction.

Most cases of achalasia occur sporadically in other-
wise normal families; however, familial achalasia has been 
described.4-6 The consanguinity demonstrated in some familial 
cases implies an autosomal recessive etiology in rare instances.6

Treatment: Treatment has been accomplished by esophageal 
dilation with bougies on hydrostatic pressure. Alternatively, 
a surgical myotomy of the affected area may be performed.1 
Pharmacologic treatment (with long-acting nitrites or calcium 
channel blockers, botulinum toxin injections) may be a useful 
adjunctive mode of treatment.

Prognosis: All palliative approaches (smooth muscle relax-
ants, botulinum toxin injections, mechanical dilation and 
myotomy) achieve initial beneficial responses, but these 
decrease over time. Dilation and myotomy appear to give the 
most durable benefit with less than 10 percent residual reflux 
or swallowing difficulty. An increase in esophageal carcinoma 
has been reported as a late complication.
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26.11 cHalasia

Definition: Congenital laxity of the gastroesophageal sphincter mechanism, allowing gastroesophageal reflux.

ICD9/ICD10: 530.81/K21.9 Syndrome Associations (Appendix)
None

Birth prevalence: very frequent

Associated anomalies: none

Laboratory studies: barium swallow imaging,  
esophageal pH

Prenatal diagnosis: unlikely

Cause: sporadic

Chalasia usually becomes symptomatic in the first week of life. 
Affected infants have effortless regurgitation, particularly while 
prone. Over time, reflux esophagitis with pain, chronic blood 
loss, and subsequent esophageal strictures develop. Persistent 
vomiting, growth failure, anemia, recurrent or chronic respira-
tory disease, apneic episodes, and sudden infant death syndrome 
may be related to chalasia in infants and older children. The 
diagnosis may be suspected on the basis of frequent regurgita-
tion, especially after feeding and lying in a horizontal position. 
Radiographic barium swallow studies are usually diagnostic. 
Monitoring the pH of the esophagus may also be helpful.1,2

Chalasia most commonly occurs in otherwise normal chil-
dren and may have a familial predisposition. Neurologically 
impaired infants and children frequently demonstrate chalasia 
as an accompanying complication.2

Males and females appear to be equally affected with this 
condition. It is described as being a very common problem 
in infancy. Manometric studies have suggested that in nor-
mal infants the tone of the esophageal sphincter is low dur-
ing the first two weeks of life, slowly increasing to adult levels. 
Chalasia may represent a delay in the normal development of 
nervous control of the lower esophagus.1

Treatment and Prognosis: This condition generally does 
not require surgical intervention, and in most normal children 
it will improve spontaneously over time. Medical measures, 
including feeding the child in a semiupright position, giving 
frequent small, thickened feedings, and administering mild 
sedatives, antispasmodics, H2 secretion and/or proton pump 
inhibitors, and antacid medications are at times very success-
ful.1,2 However, in a child with persistent symptomatology, 
particularly in those children who are severely neurologically 
impaired, surgery is indicated and has a high degree of success. 
Nissen or Thal fundoplication or similar surgical procedures 
have been undertaken to create a competent gastroesophageal 
junction.3
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26.12 atresia anD stenosis of tHe stomacH

Definition: Complete or partial obstruction of the gastric lumen. This definition includes hourglass stomach but excludes 
microgastria.

ICD9/ICD10: 537.6, 750.7/Q40.2, K31.2 Syndrome Associations (Appendix)
Apert (FGFR2)
Carrie
Cornelia De Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Epidermolysis bullosa (ITGB4, ITGA6, PLEC1)
Marden-Walker (PIEZ02)
Opitz FG (DHCR7)
Smith-Lemli-Opitz (DHCR7)
Zellweger (PEX genes)
Trisomies 18, 21
dup 1q, 9q
del 11q
ring 12

Birth prevalence: rare

Associated anomalies: cutaneous

Laboratory studies: barium swallow radiographs, 
endoscopy

Prenatal diagnosis: ultrasonography

Cause: sporadic, occasionally Mendelian

Atresia of the stomach is much less common than atresia of 
other portions of the gastrointestinal system, accounting for 
less than 1 percent of all gastrointestinal atresias. When pres-
ent, it is generally limited to the antrum and pyloric regions.1-5 
Atresia has been described secondary to obstruction by a 
membrane or diaphragm consisting of only mucosa; however, 
more extensive obliteration of the lumen has been reported.

If the membrane or the diaphragm is very thin, it may 
perforate partially, leading to stenosis of the stomach. 
Although some cases of stenosis of the stomach are congeni-
tal, the majority of the cases are probably the result of healing, 
expansion, and scarring secondary to peptic ulcer disease in 
postnatal life.1

The diagnosis of gastric atresia should be suspected in 
infants with persistent nonbilious vomiting after the first feed-
ing, distension of the upper abdomen, and stools decreasing in 
quantity.2 Sixty-one percent of cases have a history of polyhy-
dramnios during pregnancy, presumably secondary to lack of 
amniotic fluid absorption in the intestine. Intrauterine growth 
retardation is common.6 Radiographs of the abdomen show air 
in the stomach, with no air in the intestine distally.

Stenosis of the stomach may not produce symptoms until 
later in life. Cardinal features associated with gastric stenosis 
include epigastric pain, weight loss, nausea, and vomiting. 
In some patients, division of the stomach into two chambers 
by a constricting ring has led to a characteristic radiographic 
appearance termed hourglass stomach. Such lesions are likely 
the end result of inflammatory processes; however, a few cases 
have been suspected to be congenital in nature.2

The diagnosis of these anomalies can be made accurately 
with barium swallow radiographic studies in greater than 
90 percent of cases. Gastroscopy is a useful diagnostic adjunct.

Atresia and stenosis of the stomach are rare anomalies, gen-
erally occurring sporadically in otherwise normal individuals. 

Males and females are equally affected. Autosomal recessive 
inheritance has been described.6 Pyloric atresia occasionally 
accompanies esophageal atresia.7 Association with recognizable 
multiple malformation syndromes has not been prominent.4,5,8-10

The embryonic origin of gastric atresia and stenosis is 
uncertain. As opposed to the esophagus and duodenum, 
recanalization is not a process that normally occurs in the 
stomach since there is no epithelial proliferation in the stom-
ach that is embryologically comparable. It is possible that a 
localized redundancy of the endodermal tube may be the ori-
gin of a membranous diaphragm. Some cases are undoubtedly 
the end result of vascular disruption, inflammatory processes, 
or ulcerations during gestation.2,6,11 This may particularly be 
the case if scarring is evident around the area of the lesion.

Treatment: In the infant with atresia of the stomach, prompt 
surgical intervention to relieve the obstruction is essential. In 
infants in whom diagnosis has been delayed, rupture of the 
stomach will have occurred. Excision of the occluding dia-
phragm or membrane is the procedure of choice. It is often nec-
essary to leave a stent in place through the area of obstruction 
in the postoperative period to prevent postoperative edema-
tous changes from reoccluding the lumen of the stomach.

Prognosis: If surgical intervention is prompt, prognosis for 
long-term survival is good.
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26.13 microGastria

Definition: Severe hypoplasia of the stomach.

ICD9/ICD10: 750.7/Q40.2 Syndrome Associations (Appendix)
Ivemark (GDF1)

Birth prevalence: rare, <100 cases reported

Associated anomalies: cardiac, genitourinary, skeletal

Laboratory studies: barium swallow, radiographs

Prenatal diagnosis: ultrasonography

Cause: sporadic, Mendelian

True agastria (with the distal esophagus directly contigu-
ous with the proximal duodenum) has been described in one 
instance only.1 The other reported cases represent varying 
degrees of microgastria. Symptoms typically bring microgas-
tria to clinical attention shortly after birth. Affected children 
experience poor feeding, vomiting, and failure to gain weight.2-4 
Microgastria should be easily diagnosable by radiographic 
barium swallow techniques. The small stomach is tubular 
and usually in the midline. Gastrointestinal reflux is present. 
Failure to identify the stomach on prenatal ultrasound may 
suggest microgastria as one of several diagnostic possibilities.5

Hypoplasia of the stomach has also been described as one 
feature of the Ivemark syndrome (asplenia, congenital cardiac 
defects, and partial situs inversus). Other associated anoma-
lies have included congenital megacolon, abnormal lung 
lobation, anophthalmia, porencephalic cyst, cryptorchidism, 
bicornuate uterus, splenogonadal fusion, absence of the kid-
ney, horseshoe kidney, and cardiac defects.1,3,6,7 Microgastria 
has also been described in sporadic cases associated with limb 
anomalies:  humeroradial synostosis, radial deficiency, ulnar 
deficiency, and thenar hypoplasia.6,7 Recurrence in siblings has 
been reported.5

Microgastria and agastria are extremely rare disorders.8 
The defect in embryogenesis dates back to the fourth to fifth 
weeks postconception. Affected individuals have had deficient 
growth and rotation of the gastric anlagen.3,9

Treatment: Successful surgical treatment has been per-
formed with formation of a Hunt-Lawrence Roux-en-Y jejunal 
pouch.3,10

Prognosis: Data regarding prognosis and treatment in this 
disorder are not readily available due to its rarity. Many of the 
previously described cases have had persistent gastroesopha-
geal reflux, failure to gain weight, and early demise because 
of malnutrition and/or the severity of associated anomalies. 
Survival with resolution of gastroesophageal reflux and dura-
ble weight gain has been reported with surgical construction of 
the Hunt-Lawrence pouch.8,10
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26.14 DiVerticUla of tHe stomacH

Definition: Gastric outpouchings containing all layers of stomach wall.

ICD9/ICD10: 537.1/K31.4 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: none

Laboratory studies: barium swallow radiographs, 
endoscopy

Prenatal diagnosis: unlikely

Cause: unknown

Congenital diverticula of the stomach can be differentiated 
from the more common acquired diverticula and false diver-
ticula, which do not contain all layers of the stomach wall.1,2 
Only 4 percent of gastric diverticula are found in patients less 
than age 20 years.3,4 The vast majority of congenital true diver-
ticula of the stomach cases arise on the posterior gastric wall 
about 2 cm below the junction of the esophagus and stomach 
and about 3 cm from the lesser curvature of the stomach. Most 
of the remainder of the diverticula of the stomach have also 
been associated with aberrant pancreatic tissue, hiatal hernias, 
“hourglass” stomach, or diverticula in other parts of the gastro-
intestinal tract.1,2

Most gastric diverticula are symptom-free, being found 
incidentally at autopsy. When symptoms do occur, the patient 
generally complains of epigastric or lower chest pain. Diagnosis 
is confirmed by radiographic barium studies and gastroscopy. 
Not all true diverticula are thus visualized, however.1-3

True gastric diverticula are rare. They are thought to be rarer 
in the stomach than elsewhere in the alimentary tract. About 
3 percent of all intestinal diverticula are gastric, 9 percent are 

esophageal, 68 percent are colonic, and the remainder occur in 
the small intestines. There is a nearly equal male:female sex ratio.1 
The embryogenesis of gastric diverticula remains uncertain.

Treatment: Diverticulotomy is the appropriate surgical 
treatment in patients who are symptomatic, and it can be per-
formed laparoscopically.5

Prognosis: The outcome is excellent following surgery.
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26.15 DUplication of tHe stomacH

Definition: Duplications of the alimentary tract contiguous with or communicating with the stomach. The definition excludes 
gastric diverticula and ectopic stomach.

ICD9/ICD10: 750.7/Q40.2 Syndrome Associations (Appendix)
None

Birth prevalence: 1/100,000, less than 100 cases reported

Associated anomalies: vertebral

Laboratory studies: ultrasonography, barium swallow, 
radiographs, MRI, CT, endoscopy

Prenatal diagnosis: ultrasonography

Cause: sporadic

Duplications of the stomach result in signs and symptoms 
of high intestinal obstruction, including nausea or emesis, 

electrolyte disturbance, anemia, dehydration, and epigastric 
pain or mass.1-3 Duplications are extremely variable, ranging 
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from a doubling of the entire esophagus and stomach to multi-
ple small intramural gastric cysts. The majority of gastric dupli-
cations are located on the greater curvature of the stomach or 
on the anterior or posterior gastric walls. Communications 
between the duplicated area and the intestinal lumen may 
exist. These communications, when present, may open into the 
stomach, duodenum, or Meckel diverticulum. However, com-
munications between the duplicated area and the stomach are 
uncommon; gastric duplications are most commonly cystic, 
spherical noncommunicating masses. Most gastric duplica-
tions are less than 12 cm in diameter; however, about 25 per-
cent are larger.1-6

The mucosa lining the duplicated area may be of gas-
tric, pseudostratified respiratory epithelium, or of pancreatic 
origin. In cystic duplications, the epithelial lining is often 
destroyed and atrophic.

When there is a communication between the duplicated 
segment and the intestinal lumen, radiographic barium 
swallow studies may visualize the affected area. Computed 
tomography or magnetic resonance imaging may reveal a 
well-defined cystic mass lying close to the greater curvature of 
the stomach.7 In other cases, abdominal ultrasound will serve 
as a useful adjunct to differentiate duplicated areas from other 
lesions leading to symptoms of high gastrointestinal obstruc-
tion, most commonly hypertrophic pyloric stenosis.

Duplication of the stomach has most commonly occurred 
as an isolated finding in an otherwise normal individual. 
However, an association of esophageal intestinal duplication 
and vertebral anomalies has been described.1

Duplications of the stomach are uncommon, account-
ing for 7  percent of gastrointestinal duplications.7 About 60 
affected patients have been described, with nearly twice as 
many females as males reported.1-6 There has been no particu-
lar preponderance of cases in any described subpopulation. 
A majority of cases are recognized within the first year of life, 
but many affected individuals have not displayed symptoms 
or signs of obstruction until adulthood.1 Prenatal detection by 
ultrasound has been reported.8

Complete tubular duplications of the pylorus are rare. 
A review of 281 lesions of the gastrointestinal tract at all levels 

revealed only a single case of complete tubular duplication of 
the pylorus.9

The etiology of this disorder is unknown. It is likely that 
there are a variety of pathogenetic mechanisms that explain gas-
tric duplications. Intramural gastric cysts could be explained by 
persistence of vacuoles within the primitive foregut epithelium. 
Larger intramural cystic duplications may be a result of persis-
tence of embryonic gastric diverticula. Other duplications, par-
ticularly those outside the wall of the stomach, are most likely 
the result of faulty separation of endoderm and notochord in 
early embryonic development. According to this theory, when 
the amount of endodermal tissue detached from the primary 
endoderm sheet is large, the extra tissue may organize itself into 
a duplication of normal esophagus and stomach.1

Treatment: Since most gastric duplications are symptomatic 
and may predispose to malignancy, surgical excision is the 
appropriate treatment. When possible, violation of the gastric 
mucosa is avoided.

Prognosis: When surgical excision is performed with-
out complication, the prognosis is excellent for relief of 
symptoms.
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26.16 Defects of Gastric mUscUlatUre

Definition: Hypoplasia or aplasia of the musculature of the stomach wall.

ICD9/ICD10: 750.7/Q40.3 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: none

Laboratory studies: radiographs

Prenatal diagnosis: unlikely

Cause: sporadic

This defect is to be differentiated from gastric diverticula and 
from thinned stomach wall secondary to hypertrophic pyloric 

stenosis. Defects of the gastric musculature may be manifest 
as general thinning of all muscular layers or, more commonly, 
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as complete absence of the gastric musculature in a localized 
area. In affected areas the wall consists of mucosa, submucosa, 
and serosa, the muscular layer ending abruptly at the margins 
of the defect. Sixty-six percent of these defects have been found 
on the greater curvature of the stomach, most of the remainder 
occurring on the anterior or posterior wall.1

Rupture of the weakened area may take place between 12 
hours to 12  days after birth.2-5 Symptoms and signs include 
sudden abdominal distension and rigidity, vomiting, and 
decreased bowel sounds. Limitation of movement of the dia-
phragm may result in shortness of breath and cyanosis.

Diagnosis should be suspected with radiographic signs of 
free air and fluid in the abdomen on erect and supine radio-
graphs. Such symptoms and signs necessitate immediate lapa-
rotomy and surgical exploration, at which time the diagnosis is 
confirmed. Most cases have occurred sporadically in otherwise 
normal families. Associated malformation syndromes are not 
prominent.

Localized defects in the gastric musculature may be the 
result of deficient myoblast formation. This helps to explain 
why the majority of defects observed have been in the greater 
curvature of the stomach, the region of most rapid embryonic 
growth of gastric musculature. Alternatively, increased intra-
gastric pressure caused by a distal congenital obstruction of 
the alimentary tract may cause rupture of an already mildly to 
moderately weakened gastric wall.1 It is possible that neonatal 
asphyxia with resulting vascular disruption of the gastric mus-
culature may be the cause of perforation in some cases.

This rare anomaly accounts for approximately 25 percent 
of perinatal gastric perforations. More males than females have 
been reported, and patients frequently are premature. More 

cases have been reported among blacks than among whites.1 In 
addition, there appears to be an increased risk for this disorder 
among twins with only one of the pair being affected. These 
cases may represent vascular disruptive events in conjunction 
with unequal vascular exchange between monozygotic twins.5 
Although most cases have generally occurred sporadically in 
otherwise normal families, autosomal recessive inheritance 
has been suggested in some instances.4

Treatment: Treatment for this anomaly requires immediate 
laparotomy, careful surgical exploration of the entire stom-
ach, and closure of all defects noted. It should be pointed 
out that there may be several areas of perforation. Therefore 
the repaired stomach should be filled with saline solution by 
catheter to test for leakage at the end of surgical repair.

Prognosis: Mortality in affected infants is the result of peri-
tonitis following gastric rupture. Thus the best prognosis is 
possible when early diagnosis and treatment are initiated.
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26.17 malposition of tHe stomacH

Definition: Abnormal positioning of the stomach within the abdominal cavity.

ICD9/ICD10: 750.7/Q40.2 Syndrome Associations (Appendix)
Bilateral left-sidedness
Bilateral right-sidedness-Ivemark (GDF1)
Isolated complete situs inversus
Kartagener

Birth prevalence: 1/20,000

Associated anomalies: situs inversus, cardiac, spleen

Laboratory studies: radiographs, ultrasonography

Prenatal diagnosis: ultrasonography

Cause: Mendelian

The stomach is most commonly malpositioned secondary to 
complete or partial situs inversus.1-3 In complete situs inversus, 
the stomach appears normal but is totally reversed, right for 
left. In some cases, all other internal organs show mirror-image 
reversal of laterality. In rare cases, only the stomach is involved 
in this malpositioning.4,5

In the patient with total situs inversus, the apex of the 
heart will be found on the right rather than the left side of 
the chest wall. Auscultation and percussion of the abdomen 
will reveal transposition of the liver and stomach. A  chest 

radiograph will reveal dextrocardia and a stomach bubble 
on the right. Partial degrees of situs inversus may be similarly 
suspected by plain radiographs of the chest and abdomen. 
Ultrasonographic examination may be a useful adjunct in such 
cases. Ultrasonography and magnetic resonance imaging have 
been used to diagnose situs abnormalities prenatally.6

Situs inversus occurs very early in gestation. The exact 
etiology and pathogenesis of this rare defect are unknown. 
However, embryonic symmetry is determined in the first 
week postconception. Partial situs inversus is associated with 
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other malformations in 80  percent of cases. Genes regulat-
ing the determination of overall right-left asymmetry of the 
gastrointestinal tract recently have been described, and the 
molecular genetic pathogenesis of cases of X-linked situs 
abnormalities has been delineated.7-9 Complete situs inver-
sus in nearly all cases is sporadic and is not accompanied by 
other anomalies. Partial situs associated with asplenia has 
been described as bilateral right-sidedness; whereas partial 
situs inversus accompanying polysplenia has been described 
as bilateral left-sidedness. Bilateral left-sidedness with poly-
splenia appears to be much more common than bilateral 
right-sideness.

Inversion of the stomach occurs in early gestation as the 
result of deficient growth of the stomach and failure to develop 
normal greater and lesser curvatures beyond six to seven 
weeks postconception.10 The cardia is lower than the pylorus, 
and eventration of the left side of the diaphragm may be pres-
ent. Affected individuals may display symptoms and signs of 
partial or intermittent alimentary tract obstruction, including 
recurrent abdominal pain and emesis. No particular multiple 
malformation syndromes have been associated with gastric 
inversion.

Treatment: In individuals with inversion of the stomach, sig-
nificant symptomatology associated with intermittent upper 
intestinal obstruction implies the need for surgical interven-
tion to restructure gastric shape to facilitate emptying of the 
stomach.

Prognosis: The prognosis in individuals with complete situs 
inversus is usually excellent. Such individuals rarely have asso-
ciated anomalies, and situs inversus is associated with little 
morbidity. An exception to the preceding statement pertains 
to individuals with Kartagener syndrome.11 Approximately 
50  percent of patients with Kartagener syndrome manifest 

complete situs inversus as a consequence of immotile cilia. It 
has been suggested that ciliary beating in the early embryo 
helps to determine laterality. In the absence of normal cilia, 
therefore, laterality develops randomly in affected patients. 
Fertility is impaired in individuals of both sexes, with males 
being more severely affected. The major medical complication 
of the disorder is thick tenacious sinus and bronchial secre-
tions leading to chronic sinusitis and bronchiectasis. The 
outcome in affected patients is dependent on the respiratory 
pathology. The malpositioned stomach in affected patients is 
not a cause of significant morbidity. The prognosis in patients 
with partial situs inversus is likewise dependent on the severity 
of associated anomalies.
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26.18 mUcosal Heterotopia

Definition: Mucosal types other than normal gastric mucosa occurring within the stomach. Heterotopic gastric mucosa in 
other organs will not be included here.

ICD9/ICD10: 750.9 Syndrome Associations (Appendix)
None

Birth prevalence: 1/500

Associated anomalies: None

Laboratory studies: radiographic contrast studies, 
endoscopy

Prenatal diagnosis: unlikely

Cause: unknown

Glandular structures with or without ducts are often 
encountered in the gastric wall. The origin of this aberrant 
mucosa is almost invariably the pancreas. Heterotopic pan-
creatic mucosal masses vary in size from less than 1 mm to 

5 cm in diameter.1-3 Masses that are symptomatic are usually 
1–2  cm in diameter, and they may be spherical, ovoid, or 
disc shaped. The margins may be elevated, and the center 
depression marking the opening of the duct may be large 
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enough to be mistaken for a true diverticulum of the stom-
ach. The majority of these heterotopias occur in the distal 
half of the stomach.

Approximately 50  percent of cases are symptomatic, the 
remainder being discovered incidentally. Epigastric pain is 
the presenting complaint in 75  percent of symptomatic cases. 
Pain may follow pylorospasm, ulceration caused by pancreatic 
enzymes produced, infection, or gastric outlet obstruction. 
Vomiting and weight loss are inevitable if these symptoms and 
signs are not addressed. Occasionally the presenting sign may be 
massive upper gastrointestinal hemorrhage secondary to ulcer-
ation of the ectopic mucosa. Preoperative diagnosis is possible 
by means of barium contrast radiographic studies. In addition, 
the diagnosis may be suspected and/or confirmed by endoscopy.

Pancreatic mucosal heterotopias may be due to translo-
cation of embryonic pancreatic precursor cells, or they may 
follow metaplasia of a localized or generalized nature in the 
stomach. Such metaplasia may be the result of chronic irrita-
tion from gastritis in many cases. Areas of ectopic pancreatic 
mucosa also may be associated with gastric diverticula.1,4

Pancreatic mucosal heterotopia is discovered in the stom-
ach in approximately 0.2  percent of patients undergoing 
abdominal surgery. Autopsy series have reported such hetero-
topic areas in approximately 2 percent of cases. This ectopic 
mucosa may be found in the duodenum and elsewhere in the 
intestinal tract, in addition to being present in the stomach.

This condition is rarely symptomatic in childhood.1,4 About 
60 percent of patients present between ages 30 and 50 years. 
There is a 2:1 male:female ratio.

Treatment: Nearly one-half of patients with ectopic pancre-
atic mucosa in the stomach remain asymptomatic. Therefore, 
cases that are discovered coincidentally may safely remain 
untreated or can be conservatively medically managed with 
relative success. In patients with symptomatology in whom 
medical therapy has been unsuccessful, laparotomy and direct 
inspection of the stomach to excise the heterotopic areas 
locally is most successful. In cases with massive hemorrhage 
or obstruction, wedge or segmental resection of the stomach 
is indicated.1-3

Prognosis: With proper diagnosis and treatment, morbidity 
and mortality risks are very low.
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26.19 anomalies of tHe pYlorUs

26.19a pYloric atresia

(Pyloric Web, Pyloric Agenesis)

Definition: Absence of the lumen of the pylorus or a discontinuity between the stomach and pylorus.

ICD9/ICD10: 750.8, 751.8/Q40.8, Q45.8 Syndrome Associations (Appendix)
Aplasia cutis congenita
Bart
Epidermolysis bullosa (ITGB4, ITGA6, PLEC1)
Rothmund-Thomson (RECQL4)

Birth prevalence: 1/100,000

Associated anomalies: other alimentary tract atresias, 
cutaneous abnormalities, diaphragmatic hernia

Laboratory studies: radiographs

Prenatal diagnosis: ultrasonography, MRI, gene testing if 
familial mutation known

Cause: sporadic usually, some cases AR

Infants usually present with nonbilious vomiting with or with-
out abdominal distension, although a history of polyhydram-
nios may be obtained in half of cases.1-4 Low birth weight is 
common. An abdominal X-ray showing a single large stomach 
bubble confirms the diagnosis (Fig. 26.19a.1). Delay in diag-
nosis may lead to aspiration pneumonia, gastric perforation, 
septicemia, and metabolic imbalance. A  similar clinical pre-
sentation may be produced by gastric volvulus, pyloric steno-
sis, and invasion of the pylorus by pancreatic tissue.

A membranous web occluding the pylorus is the most 
common finding, followed by a solid cord replacing the proxi-
mal segment of the pylorus.1 The least common type involves 
a complete discontinuity of tissue between the stomach and 
pylorus. Males and females are equally affected.

One-third of cases will have associated anomalies.1,5 The 
association with epidermolysis bullosa involving α6 and β4 
integrin mutations is particularly notable.6-12 Atresias else-
where in the alimentary tract have also been reported. Prenatal 
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diagnosis has been achieved using ultrasound, MRI, and 
molecular technologies (the latter when the underlying genetic 
aberration in the family was known).13-15

Treatment: Surgical repair is the primary treatment after 
appropriate attention to gastric decompression, hydration, 
nutrition, and control of secondary infection. The web type 
pyloric atresia is repaired by excision and pyloroplasty; the solid 
cord type is repaired by excision and gastroduodenostomy.

Prognosis: The overall mortality rate has been reported to be 
greater than fifty percent.1,2 Early diagnosis, treatment of septi-
cemia, and nutritional support has yielded improved outcomes.
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Fig. 26.19a.1 A: Pyloric atresia in an infant with epidermolysis bullosa. Note gas-filled stomach and absence of air distal to pylorus. B and C: Massive gastric 
distension secondary to pyloric atresia associated with epidermolysis bullosa in 3-day-old female infant. (A: Courtesy of Dr. Bryan Hall, Mt. Pleasant, South 
Carolina. B: Courtesy of Dr. Rodney J. Macpherson, Medical University of South Carolina, Charleston.)
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Fig. 26.19b.1 Pyloric stenosis in early infancy. Note the pathognomonic “string 
sign” (arrow) on this barium contrast study.

26.19B infantile HYpertropHic pYloric stenosis

Definition: Hypertrophy of the muscular pyloric canal, leading to a thickening of the pyloric wall and a reduction in the size 
of the lumen.

ICD9/ICD10: 750.5/Q40.0 Syndrome Associations (Appendix)
Apert (FGFR2)
Cornelia de Lange (NIPBL, SMC1A, RAD21, HDAC8)
Marden-Walker (PIEZ02)
Opitz (DHCR7)
Smith-Lemli-Opitz (DHCR7)
Zellweger (PEX genes)
Trisomies 18, 21
dup 1q, 9q
del 11q
ring 12
Prenatal hydantoin, trimethadione, thalidomide exposure

Birth prevalence: 1/300

Associated anomalies: usually none

Laboratory studies: barium swallow radiographs, 
ultrasonography

Prenatal diagnosis: none

Cause: usually sporadic, occasionally chromosomal, 
Mendelian, environmental

Although originally considered to be a defect of embryonic ori-
gin, it is now believed that this defect in most instances arises in 
late prenatal or early postnatal life. Rollins et al., in an ultrasono-
graphic study of 1,400 consecutive newborns, found nine who 
later developed symptoms and signs of pyloric stenosis.1 None 
had an abnormal pyloric ultrasound at birth. Many cases may be 
of early gestational onset, however, as evidenced by associated 
anomalies of early embryogenesis in 6 percent to12 percent.2-5

The hypertrophy of the pyloric canal involves not only the 
musculature but the elastic tissue of the submucosa. This swell-
ing passes through a predictable series of evolutionary events. 
As the pyloric hypertrophy increases, the pylorus becomes 
extremely hard and solid, reaching its greatest development at 
four to nine weeks. If surgical intervention is not carried out, 
the swelling relaxes and becomes smaller and softer, with com-
plete healing becoming apparent by several months of age.6

The affected infant usually presents with increasingly severe 
bouts of vomiting beginning during the second week of life.6-8 
The vomiting is described as occurring immediately after feed-
ing and being “projectile” in nature. The emesis does not con-
tain bile or blood. The infant is described as being hungry and 
will take the breast or the bottle immediately after vomiting. 
Dehydration and weight loss become increasing pronounced, 
and the stools become less frequent and smaller in size. Large 
peristaltic waves may become visible, moving left to right across 
the upper abdomen. In nearly all instances the enlarged pylorus 
may be palpated, most easily felt immediately after emesis. This 
has been described in most instances as a 1.5–2.0  cm “olive” 
in the epigastrium. With further vomiting and dehydration 
the patient develops a metabolic alkalosis. Although confirma-
tion of the pyloric obstruction has been made traditionally by a 
radiographic barium study of the stomach (Fig. 26.19b.1), ultra-
sound examination is now the primary means of diagnosis.7-9

As noted above, pyloric stenosis is usually not a defect of 
early embryonic onset. In fact, the developmental pathogenesis 
of pyloric stenosis remains largely unexplained.8 The condition 

is more frequent in firstborn children, and the disorder is seen 
much more commonly in males than in females. It has been 
suggested that there may be an underlying defect of the myen-
teric ganglia as in Hirshsprung disease.

In general, it is thought that pyloric stenosis is multifacto-
rially determined, with both polygenic influences and environ-
mental factors during pregnancy coming into play. First-degree 
relatives of an affected individual with pyloric stenosis are at 
risk for being similarly affected.10 Recurrence risks for relatives 
of affected patients are set forth in Table 26.19b.1.

Pyloric stenosis has been described as an autosomal domi-
nant trait in some families.11 It has been associated with a 
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number of chromosomal aneuploidy syndromes, including 
trisomy 21, trisomy 18, duplication 9q, ring 12 deletion 11q, 
and duplication 1q.12-13 It also has been associated with the 
Marden-Walker syndrome, an autosomal recessive disorder 
including intellectual disability, growth failure, microcephaly, 
immobility of facial muscles, absent reflexes, blepharophi-
mosis, strabismus, micrognathia, pectus excavatum, muscle 
weakness, joint contractures, arachnodactyly, kyphoscoliosis, 
and altered palmar creases.14 It has been an occasional accom-
paniment of Apert syndrome, de Lange syndrome, Opitz FG 
syndrome, Smith-Lemli-Opitz syndrome, and Zellweger syn-
drome.15 Finally, pyloric stenosis has been described as one of 
the teratogenic effects of prenatal exposure to thalidomide, 
hydantoins, and trimethadione.16

Treatment: Surgical pyloromyotomy should be performed in 
affected infants after careful stabilization of fluid and electro-
lyte balances.

Prognosis: The prognosis following such surgical interven-
tion is excellent, and the present mortality rate is extremely low.1
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26.20 DUoDenal atresia anD stenosis

Definition: Absence or narrowing of the lumen in part or all of the duodenum.

ICD9/ICD10: 751.00/Q41.0 Syndrome Associations (Appendix)
Feingold (MYCN)
Neonatal diabetes (RFX6)
Situs inversus
Telecanthus-hypospadias (MID1)
Townes-Brocks (SALL1)
Trisomy 21
Prenatal thalidomide, hydantoin exposure

Birth prevalence: 1/10,000

Associated anomalies: 50% have other bowel atresias, 
intestinal malrotation, cardiac defects, vertebral 
anomalies, genitourinary defects

Laboratory studies: radiographs, ultrasonography

Prenatal diagnosis: ultrasonography

Cause: chromosomal, Mendelian, prenatal environmental 
exposures

Infants with duodenal atresia or marked stenosis exhibit 
upper abdominal distension shortly after birth. Tenderness is 
generally not present unless there has been perforation. The 

distension is accompanied by emesis, which will be bilious if the 
obstruction is distal to the ampulla of Vater. Stools are absent 
or decreased in frequency. Slight elevation in temperature may 

TABLE 26.19B.1 risks to relatives of index cases with  

pyloric stenosis

inDeX patients (% risK)

relatiVe male female

Brother 3.8 9.2

Sister 2.7 3.8

Son 5.5 18.9

Daughter 2.4 7.0

Nephew 2.3 4.7

Niece 0.4 -

Male first cousin 0.9 0.7

Female first cousin 0.2 0.3

Adapted from Carter and Evans.10
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accompany dehydration. Marked elevation in temperature 
generally indicates that perforation and peritonitis have devel-
oped. Duodenal obstruction results in a double air bubble on 
an upright radiograph of the abdomen (Fig. 26.20.1).1,2

Mild duodenal stenosis may be asymptomatic until adult-
hood, and some cases of mild duodenal stenosis are found 
incidentally at autopsy. Persistent emesis and nutritional insuf-
ficiency may be associated with moderate duodenal stenosis.

Pregnancy is notable in that 40 percent have polyhydram-
nios and 70  percent deliver prematurely. Because the bowel 
has been obstructed for many months prenatally, the proxi-
mal duodenum may become very dilated and the pylorus may 
become incompetent.1

Major anomalies are observed in 50 percent of cases with 
duodenal atresia or stenosis (Table  26.20.1).3 Approximately 
30  percent of cases have Down syndrome. Other anomalies 
include congenital heart disease (20  percent), esophageal 
atresia (16 percent), malrotation of the small bowel (37 per-
cent), biliary atresia, annular pancreas and small bowel atresia 
(10 percent) and imperforate anus (16 percent).

The differential diagnosis of acute infantile duodenal 
obstruction includes not only duodenal atresia and stenosis 
but also extrinsic compression accompanying Ladd’s bands 
(fibrous peritoneal tissue stalks attaching the abdominal wall 
to the cecum) or volvulus of the midgut loop. Duodenal ste-
nosis may also be associated with an annular pancreas or 
intramural ectopic pancreatic tissue.4 Stenosis may represent 
a generalized narrowing of the muscular lumen of the duode-
num, or it may be the result of a perforated duodenal web. The 
aperture of the stenotic area may be large enough so that func-
tional obstruction develops only in later adult life. Duodenal 

atresia may be membranous or segmental, membranous being 
the more common.5

Forty percent of all intestinal atresias and 75  percent of 
all intestinal stenoses are found in the duodenum. Duodenal 
atresia occurs with a birth prevalence of 1 in 10,000 livebirths, 
most commonly in the second portion of the duodenum. No 
sex predilection has been noted. Multiple atresias in the same 
patient are occasionally described.

Duodenal atresia or stenosis are etiologically heteroge-
neous. Most cases are likely to be multifactorial, involving 
both polygenic and currently poorly determined environ-
mental factors during gestation. Recurrence risks in these 
cases are low (less than 5  percent). Duodenal atresia has 
been shown to be a genetically determined disorder inher-
ited as an autosomal recessive trait in some families (reces-
sive syndromal forms have also been described, such as due 
to mutations in RFX6).6,7 In these families consanguinity has 
been frequently observed, lending further credence to an 
autosomal recessive etiology.

The pathogenesis of duodenal atresias is conjectural. The 
proximal portions of the duodenum are derived from the 
embryonic foregut, and the distal portions of the duodenum 
are derived from the embryonic midgut.5 It has been suggested 
that atresia or stenosis of the proximal portions of the duo-
denum follow a primary failure of recanalization of the solid 
embryonic duodenum, normally occurring between postcon-
ceptional weeks eight through 10. Other authorities consider 
occlusion of the proximal duodenum to be the result of exces-
sive embryonic epithelial proliferation rather than a failure of 

TABLE 26.20.1  nature and frequency of malformations 

(according to system) observed in association with Duodenal 

stenosis/atresia

malformation

percent of cases of 

DUoDenal atresia 

associateD WitH 

malformation

Gastrointestinal

Intestinal malrotation 37

Esophageal atresia 16

Anal atresia 16

Other bowel atresias 11

Intestinal duplications 11

cardiovascular

Congenital heart defects 21

musculoskeletal

Vertebral anomalies 16

Genitourinary

Structural GU defects 16

Adapted from Al-Salem et al.3

Fig. 26.20.1 Radiograph of duodenal atresia. Note air-distended stomach and 
proximal duodenum (double-bubble) and absence of gas in the intestines. 
(Courtesy of Dr. Kokila Lakhoo, Children’s Hospital Oxford, Oxford, UK.)
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recanalization. Atresia or stenosis of the distal portion of the 
duodenum is most likely the result of vascular compromise. 
The most commonly held theory is that vascular disruption of 
branches of the superior mesenteric artery lead to disruption 
of portions of the developing midgut and resultant atresia or 
stenosis. Atresia and perforation of small bowel distal to the 
duodenal atresia have been reported.8,9

Treatment: With early recognition, diagnosis, and treat-
ment, uncomplicated duodenal atresia or stenosis has a very 
good prognosis.10 Duodenostomy or duodenojejunostomy are 
the preferred surgical procedures, in which the obstructive 
lesion is bypassed. In cases with associated anomalies, mor-
bidity and mortality depend on the nature of the associated 
defects. Ultrasonography has proven to be successful in the 
prenatal diagnosis of cases of duodenal atresia; however, duo-
denal stenosis cannot be reliably prenatally ascertained by this 
method.11

Prognosis: Long-term follow-up into adulthood of affected 
children who have undergone corrective surgical procedures 
during infancy has shown that the majority of survivors are 
symptom-free. Some patients may require surgical tapering 
of the dilated proximal duodenum because of periodic vomit-
ing syndrome. Although the radiographic abnormality of the 

duodenum persists in the majority of cases, most affected indi-
viduals are asymptomatic in later life.
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26.21 DUoDenal DUplications

Definition: Cystic or tubular enteric remnants lying adjacent to the duodenum. Duodenal diverticula are excluded from  
this definition.

ICD9/ICD10: 751.8/Q45.8 Syndrome Associations (Appendix)
None

Birth prevalence: <1/100,000

Associated anomalies: none specific

Laboratory studies: barium swallow radiographs, MRI, 
CT, ultrasonography

Prenatal diagnosis: ultrasonography, MRI

Cause: unknown

Duodenal duplications may be classified as cystic or tubu-
lar. Cystic duplications (enteric cysts) may occur through-
out the entire length of the digestive tract. Fifty percent of 
these enteric cysts are found in association with the small 
intestine. The most common area in the small intestine to 
encounter duplications is in the ileocecal region. The second 
most common area is the region adjacent to the first and 
second portions of the duodenum. Cystic duplications tend 
to occur as single anomalies, although some patients have 
intrathoracic enteric cysts as well. Cystic duplications may 
be found in the submucosa, in the muscularis of the gut, in 
the subserosal areas in the mesentery, or in a retroperitoneal 
location.1-5

Intramural cystic duplications are usually small and rarely 
communicate with the intestinal lumen. They most com-
monly remain asymptomatic and may be found incidentally at 
autopsy. The majority of cystic duplications of the small intes-
tine lie in the mesentery. There is usually a common muscu-
lar wall between the duplicated area and the remainder of the 
“normal” intestine. These mesenteric cysts are generally larger 
than the intramural cysts, ranging from 0.8 to 8 cm in length. 
A variety of mucosal types may be found in these enteric cysts, 
including that of the adjoining intestine, gastric mucosa, or 
pancreatic tissues.

Tubular duplications may occur in either dorsal or lateral 
positions relative to the normal gut. Tubular duplications are 
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observed less frequently than are enteric cysts. In contrast 
to cystic duplications, tubular duplications communicate 
with the intestinal lumen either distally or at both ends. 
Tubular duplications of the duodenum are extremely rare, 
being almost exclusively associated with the jejunum, ileum, 
or colon. All lie on the mesenteric side of the normal intes-
tine. The duplicated segment and the normal intestine are 
usually of the same diameter. As with cystic duplications, 
the mucosa may or may not resemble that of the adjacent 
intestine.

Duodenal duplications may remain asymptomatic if 
they are small, and particularly if they are cystic in nature. 
Symptomatic patients generally present with symptoms and 
signs of bowel obstruction including abdominal pain, a pal-
pable mass, bleeding, emesis, and dehydration. If the dupli-
cated segment contains gastric mucosa, perforation within the 
duplication can occur.1-7 Due to their location, biliary obstruc-
tion and/or pancreatitis also may be observed.7

Enteric cysts are usually diagnosed as extrinsic obstruc-
tive masses occluding the lumen of the intestine observed in 
barium contrast radiographic studies. They also may be diag-
nosed by abdominal ultrasonographic, computed tomography, 
or magnetic resonance imaging.8-10 When a tubular duplica-
tion communicates with the normal lumen of the intestine, the 
duplication can occasionally be visualized with barium. Since 
10 percent to 35 percent of duodenal duplications contain gas-
tric mucosa, a 99m Tc pertechnetate scan may show increased 
activity within the duplicated segment.1,7

Associated anomalies found in conjunction with duodenal 
duplications are much less common than with thoracic dupli-
cations. In particular, abnormalities of the spine and gastroin-
testinal and genitourinary tracts are seen much less frequently. 
Rarely there has been observed a transdiaphragmatic duplica-
tion that originated in the duodenum and extended into the 
chest.4

The cause of duodenal duplications remains unknown. 
Suggested theories of origin have included defects of recana-
lization of the epithelial plugs in the duodenum, intrauterine 
vascular accidents, persistence of embryonic diverticula, and 

traction between adhering neural tube ectoderm or noto-
chordal mesoderm and gut endoderm.1-5

Symptomatic duodenal duplications are rare, occurring in 
less than 1 in 100,000 live births. There is probably no gender 
predilection. Prenatal diagnosis has been accomplished with 
ultrasonography and MRI.11

Treatment: Since many duodenal duplications are asymp-
tomatic, surgical intervention may not be necessary. However, 
if symptoms and signs of bowel obstruction are present, sur-
gical resection of the duplicated segment and the adjacent 
small intestine with end-to-end anastomosis is indicated. If 
a large tubular duplication precludes removal of the entire 
segment, a proximal communication between the duplicated 
area and the normal lumen can be made, essentially creating a 
“double-barreled” intestine.

Prognosis: With prompt diagnosis and surgical intervention, 
prognosis is excellent.1,5,6
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26.22 DUoDenal DiVerticUla

Definition: Outpouchings of the lumen of the duodenum.

ICD9/ICD10: 751.5/Q43.8 Syndrome Associations (Appendix)
None

Birth prevalence: 1/9,000–1/40,000

Associated anomalies: cardiac, gastrointestinal, 
genitourinary

Laboratory studies: barium swallow radiographs, MRI, 
CT, endoscopy

Prenatal diagnosis: ultrasonography, MRI

Cause: unknown
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True diverticula are covered with all layers of the duodenal 
wall. False diverticula are covered with only mucosa and sub-
mucosa herniated through defects in the muscular duodenal 
wall.1,2 False diverticula are more common. They are thought 
to represent herniations through muscular defects in the duo-
denal wall. Thus the primary developmental defect in false 
diverticula is in the gastrointestinal musculature; the actual 
herniations are acquired.

Approximately 75 percent of false duodenal diverticula are 
in the second part of the duodenum, the remainder being in the 
third part. The majority are on the concave pancreatic side. Most 
duodenal diverticula are spherical; however, they may also be 
conical or tubular. They are usually single anomalies, although 
multiple diverticula have been observed in individual patients.2-5

Although the majority of duodenal diverticula pro-
duce symptoms, many do not. Approximately 75  percent 
of duodenal diverticula diagnosed radiographically and 
10  percent-15  percent of diverticula found at autopsy pro-
duce symptoms. Pain is present in approximately 50 percent of 
patients and is described as epigastric, umbilical, infrascapular, 
at the costovertebral angle or in the right upper quadrant of the 
abdomen. Some authors believe that central abdominal pain 
indicates a lesion of the third part of the duodenum, whereas 
pain to the left of midline indicates involvement of the second 
portion of the duodenum. Additional symptoms can include 
constipation, eructation, nausea, and vomiting. Weight loss 
and/or growth failure may be prominent. Jaundice can occur if 
the diverticulum causes obstruction of the bile duct.

The symptoms and signs that result from duodenal 
diverticula may be caused by mechanical obstruction of the 
duodenum itself or of the pancreatic or common bile ducts. 
Alternatively, symptoms may be the result of inflammation, 
diverticulitis, ulceration, perforation, or neoplastic change.

Diagnosis of duodenal diverticula may be made by barium 
contrast radiographic studies. Ultrasonographic, computed 
tomography, or magnetic imaging of the abdomen or endos-
copy may be useful diagnostic adjuncts.1

Abdel-Haviz et al. reported a 40 percent incidence of asso-
ciated anomalies in conjunction with duodenal diverticula.1 
Observed malformations include annular pancreas, bile duct 
anomalies, choledochocele, malrotation of the intestines, supe-
rior mesenteric artery syndrome, situs inversus, congenital 
heart disease, imperforate anus, Hischsprung disease, ompha-
locele, hypoplastic kidneys, and exstrophy of the bladder. In 
addition, duodenal diverticula have been noted in Down syn-
drome.1 In 1962, Clunie and Mason described a unique, appar-
ently autosomal recessive disorder in four sibs whose parents 
were consanguineous.6 Unusual features included Marfanoid 
habitus, femoral or inguinal hernias, diverticula of the large 

and small intestines, urinary bladder diverticula, myopia, eso-
tropia, and retinal detachment.6

False duodenal diverticula are thought to be the result of 
intraluminal duodenal pressure causing herniation through 
intrinsic defects in the musculature of the intestinal wall. 
These muscular wall defects have been hypothesized to be the 
result of many factors. Some authors have suggested that weak-
ened areas represent sites of aberrant pancreatic tissue. Others 
have posited their occurrence at sites of transitory embryonic 
diverticula. The etiology of these muscular wall defects is most 
likely heterogenous.1-6

Autopsy series have documented duodenal diverticula in 
2.7 percent to 14.5 percent of cases. Radiographic studies have 
reported the incidence as varying between 1/20 to 1/6,000. 
Slightly more females than males may be affected. The major-
ity of symptomatic patients with duodenal diverticula present 
after age 40.1,2

Treatment: Since many duodenal diverticula are asymptom-
atic, surgery is indicated only for symptomatic patients if con-
servative treatment fails. It is believed that less than 2 percent 
of cases in which duodenal diverticula are visualized on radio-
graphic studies should require surgical treatment.2 Surgical 
procedures that have been successfully utilized include exci-
sion and closure with inversion of the neck sac, Roux-en-Y 
diverticulojejunostomy, and end-to-end duodenojejunostomy.

Prognosis: The prognosis in individuals with duodenal 
diverticula is dependent on associated anomalies and com-
plications. Obviously in asymptomatic cases the prognosis 
is excellent, and treatment is not required. Perforation of the 
diverticulum and postsurgical leakage have been associated 
with significant mortality.7 There has also been an increased 
incidence of malignancy in such diverticula.1,2
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26.23 malrotation of tHe DUoDenUm

ICD9/ICD10: 751.4/Q43.3 Syndrome Associations (Appendix)
None

Birth prevalence: extremely rare

Associated anomalies: other gastrointestinal

Laboratory studies: barium swallow radiographs,  
MRI, CT

Prenatal diagnosis: unlikely

Cause: unknown

Insufficient rotation of the duodenum results in failure of the 
duodenum to reach the region of the superior mesenteric 
artery before the return of the intestines to the abdominal cav-
ity by 10 weeks postconception.1 The duodenum then becomes 
prematurely fixed in an ectopic site by adhesions before rota-
tion is complete. Malrotation of the duodenum usually does 
not interfere with subsequent rotation of the remaining intes-
tines to the abdominal cavity.1,2 Malrotation of the duodenum 
can be diagnosed by barium contrast radiographic studies of 
the small intestines. Computed tomography or magnetic reso-
nance imaging are additional diagnostic modalities that have 
proven helpful.3 Symptomatic cases present with signs of upper 
gastrointestinal obstruction including pain, abdominal disten-
sion, and emesis.2 This extremely rare anomaly has been seen 
in only a few cases.

Surgery is indicated only if partial or complete obstruc-
tion of the malrotated segment of intestine is present. Since 
malrotation alone is only occasionally the cause of intestinal 
obstruction in affected patients, the entire intestinal tract must 
be carefully examined for congenital bands, volvulus, stenosis, 
or atresia giving rise to symptoms of obstruction. No attempt 
should be made to replace the duodenum in a “more normal” 
position within the abdominal cavity.
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26.24 conGenital aGanGlionic DUoDenUm

Definition: Lack of myenteric ganglion cells in the well of the duodenum. Megacystis-microcolon-intestinal hypoperistalsis 
syndrome and megaduodenum/megacystis syndrome are excluded from this definition.

ICD9/ICD10: 751.5/Q43.9 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: none specific

Laboratory studies: barium swallow radiographs

Prenatal diagnosis: unlikely

Cause: sporadic

Generalized intrinsic defects in duodenal musculature 
or absence of myenteric ganglion cells of the duodenum 
are uncommon causes of congenital enlargement of the 
duodenum. Children with aganglionic duodenum pres-
ent with abdominal distension and symptoms and signs 
of complete or partial bowel obstruction including pain, 
emesis, and decreased or absent bowel sounds. Diagnosis 
is made based on radiographic evidence of an enlarged 
duodenum and is confirmed by biopsy material from the 

duodenal wall that reveals absence of myenteric ganglion 
cells.1,2

This condition differs from two other disorders associated 
with generalized intrinsic defects in duodenal musculature. In 
1938, Weiss first described an autosomal dominant disorder 
associated with megaduodenum in three generations.3 Since 
that time a number of families have been described with auto-
somal dominant transmission of a trait consisting of intesti-
nal pseudo-obstruction and megacystis. The developmental 
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pathogenesis is consistent with a visceral myopathy. Histologic 
studies have shown an extensive collagen replacement of the 
longitudinal muscle layer. Ganglion cells have appeared nor-
mal with light and electron microscopy.4-6 A similar but distinct 
autosomal recessive visceral myopathy syndrome has been 
described: the megacystis-microcolon-intestinal hypoperistal-
sis syndrome. Affected children have had marked dilation of 
the bladder, hydronephrosis, a “prune belly” appearance to the 
abdomen, microcolon, and dilated small intestines. Ganglion 
cells of the myenteric plexus have been normal.7

Congenital absence of myenteric ganglion cells of the duo-
denum is a very rare disorder. Small atonic segments of duo-
denum are asymptomatic; however, complete aganglionosis of 
the duodenum results in megaduodenum with symptoms and 
signs of intestinal obstruction.

Absence of myenteric ganglion cells in the duodenum may 
also be a consequence of Chagas disease (accompanying infec-
tion with Trypanosoma cruzi). No particular sex predilection 
has been noted.

Treatment and Prognosis: In severely affected patients, 
surgical resection of the affected segment is necessary. 
Gastrojejunostomy alone may fail to relieve the enlarged duo-
denum, and a partial gastric resection, partial duodenal resec-
tion, and gastrojejunostomy may be necessary.1,2
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26.25 eXtrinsic VascUlar oBstrUction of tHe DUoDenUm

Definition: Duodenal obstruction secondary to extrinsic compression by a preduodenal portal vein or the superior 
mesenteric artery.

ICD9/ICD10: 537.3/K31.5 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: cardiac, gastrointestinal

Laboratory studies: barium swallow radiographs, MRI, 
CT, ultrasonography

Prenatal diagnosis: ultrasonography

Cause: vascular compression

The hepatic portal vein normally lies posterior to the first part 
of the duodenum. However, in some cases it comes to lie ante-
rior to the duodenum. In that position it may compress the 
duodenum to the point of obstruction (Fig. 26.25.1).1 Similarly, 
the superior mesenteric artery may occasionally compress the 
third or transverse portion of the duodenum between the body 
of the vessel and the aorta and the vertebral column, at the 
level of the second or third lumbar vertebrae (Fig. 26.25.2). 
Such a resulting obstruction may be chronic, acute, intermit-
tent, partial, or complete.

Symptoms and signs of duodenal obstruction may be of a 
longstanding nature and relatively mild, or they may appear 
suddenly. Pain is the usual chief complaint. Attacks may be 
episodic. In the acute form, signs and symptoms of gastroin-
testinal obstruction appear suddenly with tremendous disten-
sion of the stomach and duodenum.2-5

Upright radiographs of the abdomen reveal a dilated 
stomach and duodenum. Barium contrast studies may help 

to delineate the exact site and nature of the vascular obstruc-
tion.1-5 Similarly, ultrasonography, computed tomography, or 
magnetic resonance imaging of the abdomen may be a useful 
diagnostic adjunct.6

A paraduodenal portal vein is commonly accompanied by 
a number of serious malformations including malrotation of 
the intestines, complete or partial situs inversus, annular pan-
creas, duodenal atresia, cardiac anomalies, and biliary defects, 
whereas associated anomalies with the superior mesenteric 
artery syndrome are uncommon.1-4

Treatment: In the case of a preduodenal portal vein, the 
obstruction of the duodenum can be surgically bypassed by 
duodenostomy or the gastroenterostomy. In the superior mes-
enteric artery syndrome, medical treatment including posture 
therapy and antispasmodic drugs should be tried in adults 
before attempting surgical intervention. When this condition 
appears in infants and children, medical measures are usually 
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ineffective and surgery is indicated. Duodenojejunostomy is 
the preferred surgical procedure.1

Prognosis: In the absence of severe associated congenital 
anomalies and with appropriate and early medical or surgical 
intervention, prognosis for individuals with extrinsic vascular 
obstruction of the duodenum is good.1
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26.26 conGenital paraDUoDenal Hernia

Definition: Herniation of a portion of the intestine into paraduodenal peritoneal pockets or fossae.

ICD9/ICD10: 537.3/K31.5 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: ultrasonography, CT

Prenatal diagnosis: unlikely

Cause: sporadic

A number of normal peritoneal pockets or fossae are located 
near the fourth part of the duodenum. These fossae are extremely 
variable and are inconsistently found in each individual. Some 
authors have suggested that there are as many as nine of these 
potential spaces, while others believe that there are five.1,2

Signs and symptoms of intestinal herniation into a paradu-
odenal fossa are those of intestinal obstruction, namely, nau-
sea, vomiting, abdominal pain, distension, and dehydration.1-4 
The patient also becomes obstipated, with passage of neither 
feces nor gas. Distension becomes increasingly more severe 
as time passes. Visible peristaltic waves over the abdominal 
wall may be present. The pain is most commonly described 

as periumbilical in nature. Diagnosis may be suspected from 
clinical criteria and confirmed by radiographic and ultrasono-
graphic findings.

Internal hernias through paraduodenal fossae are thought 
to occur at the time the intestines normally return to the 
abdominal cavity in week 10 postconception. Both the ascend-
ing and descending colon have mesenteries at that time. These 
mesenteries subsequently come into contact with the posterior 
peritoneal wall and fuse with it, thereby fixing the position of 
the colon by the fifth month postconception. Paraduodenal 
hernias are formed during this period of fixation of the ascend-
ing and descending colonic mesenteries.

Fig. 26.25.2 Relationship of the superior mesenteric artery to the duodenum. 
Compression of the duodenum between the artery and the aorta may cause 
duodenal obstruction.

Fig. 26.25.1 Relationship of the portal vein to the duodenum. A: Normal 
developmental anatomy. B: Anomalous development. Note preduodenal 
portal vein anterior to the duodenum.
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Paraduodenal hernias are termed right or left, depending 
on which direction the herniated loops pass as they enter the 
fossae. In more than 95  percent of cases the herniated loop 
passes to the right.5 Thus it is believed that the paraduodenal 
fossae and hernias are formed simultaneously as defects in 
fusion of the colonic mesentery and peritoneum during early 
gestation.1,2,5

Paraduodenal hernias are uncommon occurrences. There 
has been an excess of reported males with this anomaly.

Treatment: Surgery is necessary to relieve the intestinal 
obstruction associated with the herniated intestinal loop. 
Surgery consists of reduction of the hernia and closure of the 
paraduodenal defect.

Prognosis: With early diagnosis and surgical intervention, 
the prognosis is good. No recurrence of paraduodenal hernias 
has been reported following surgical reduction.1-3
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27 | SMALL AND LARGE INTESTINES

ROGER E. STEVENSON

IntrOdUCtIOn

Successful embryological and fetal phases of development pre-
pare the 300cm long intestinal tube to assume a sequence of 
vital functions once the neonate is separated from the mother. 
Patency and unidirectional motility are key requirements if the 
intestines are to carry out their digestive, absorptive, and excre-
tory functions. Insults of genetic and environmental nature 
give rise to a number of intestinal anomalies, all marked by 
their potential for causing obstruction. These include areas of 
the intestine that fail to develop or that are secondarily ablated 
(agenesis, atresia, and stenosis), duplications and cysts, aber-
rant connections to the umbilical cord or urinary system, mal-
position, and faulty innervation of the muscles of the intestinal 
wall. In addition to obstruction caused by agenesis or atresia, 
the bowel lumen may be occluded by external pressure from 
volvulus, malposition, and bands from the vitelline vasculature 
or the vitelline duct.

Excluding Meckel diverticulum, anomalies of the intestines 
are present in 1 per 1,000 liveborn infants. They may present 
as emergencies in the immediate postnatal hours or exist as 
internal “time bombs” to become manifest later in childhood 
or adult life.1-3

A N AT O M I C A L  E M B RY O L O G Y

During the third week of development, the process called gas-
trulation creates the three germ layers that differentiate into 
all of the embryonic tissues and organs. This process con-
verts the bilaminar embryonic disc into a trilaminar one. The 
dorsal layer is ectoderm, the middle layer is mesoderm, and 
the ventral layer is endoderm. During the next several days, 
ectoderm rolls up into the neural tube, while endoderm folds 
downward to form the gut tube, and by 28 days both processes 
are complete. As it forms, the gut tube is patterned into its 
three parts—the foregut (pharynx, esophagus, stomach and 
upper duodenum), midgut (lower duodenum, jejunum, ileum, 
ascending colon, and half of the transverse colon), and hindgut 
(second half of the transverse colon, descending colon, rectum 
and upper part of the anal canal)—and all of these segments are 
derived from the endoderm layer formed during gastrulation, 
not from yolk sac endoderm.4,5 Also, because of the folding 
process, the embryo’s attachment to the yolk sac narrows until 
the connection is restricted to the vitelline duct between the 
developing ileum and yolk sac. At the same time the gut tube 

is formed, lateral body wall folds close the ventral body wall, 
while growth in cranial and caudal directions lengthens the 
embryo causing it to assume the fetal position by four weeks.

The foregut has the propensity to form buds by 
endoderm–mesoderm (epithelial-mesenchymal) interactions. 
Mesoderm instructs the endoderm to proliferate and form 
buds, and then the two tissues continue to interact to form the 
glands in the head and neck, lungs, liver, gall bladder, and pan-
creas. The midgut forms the primary intestinal loop, with the 
vitelline duct attached to the apex of the loop and the superior 
mesenteric artery serving as the loop’s axis. Because of its rapid 
growth and limited space in the peritoneal cavity, the primary 
loop extends into the umbilical cord in the sixth week. As it 
does so, it rotates 90o counterclockwise (when viewed from 
the front of the embryo). It remains in the cord until the tenth 
week when it returns to the peritoneal cavity, possibly due to 
contraction of fibers in the mesenteries that anchor the gut 
tube to the posterior body wall. As the gut returns, it rotates an 
additional 180o, which places the parts derived from the mid-
gut into their final anatomical positions.6-8

The hindgut, extending from the distal half of the trans-
verse colon to the anal canal, terminates in the cloaca in the 
fifth week, and its distal end is covered by the cloacal mem-
brane. During the eighth week the cloaca is divided into the 
anal canal posteriorly and the urogenital sinus anteriorly by 
a wedge of mesoderm called the urorectal septum. The lower 
end of the hindgut then forms the upper two-thirds of the anal 
canal. The lower third of this canal is derived from a pocket of 
ectoderm on the exterior surface of the embryo called the proc-
todeum. Ectoderm in this pocket proliferates and invaginates 
to form the anal pit, and it is this pit that ultimately differenti-
ates into the lower portion of the anal canal. Breakdown of the 
anal membrane establishes continuity between the upper and 
lower portions of the canal. During all of its growth, the lumen 
of the gut tube remains open. It is only in the upper portion of 
the duodenum that cell proliferation occludes the lumen, such 
that recanalization is required to recreate an open tube.

M O L E C U L A R  E M B RY O L O G Y

Endodermal Shh expression in the future gut epithelium pro-
motes Bmp4 expression in the lateral plate mesoderm.9-11 This 
results in production of FOXF1, a transcription factor that 
localizes to the epithelial–mesenchymal interface throughout 
the length of the developing intestine.12 Expression of FoxF2, 
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on the other hand, is largely restricted to the posterior aspect 
of the gut tube and may be involved in specifying midgut and 
hindgut identity. Differential BMP, Hedgehog, and retinoic 
acid signaling are also involved in anterior–posterior specifica-
tion of the gut tube, with the latter two implicated in regulating 
HOX genes such as Pdx1 and Cdx2.13 Formation of the intes-
tinal villi is orchestrated by BMP, WNT, and FGF signaling as 
well as Hnf4 expression in the epithelium and Nkx2.3 expres-
sion in the mesenchyme.14 The majority of enteric neurons are 
derived from neural crest cells that emigrate from the hind-
brain region of the neural tube. Expression of Ret and Gfra1 
in enteric neural crest cells and Gdnf in gut mesenchyme is 
required for enteric nervous system development.15

REFERENCES

 1. Lau ST, Caty MG: Hindgut abnormalities. Surg Clin N Am 86:301, 2006.
 2. Kahn E, Daum F:  Anatomy, histology, embryology and develop-

mental anomalies of the small and large intestine. In:  Sleisenger and 
Fordtran’s Gastrointestinal and Liver Disease:  Pathophysiology/Diagnosis/
Management, ed. 9. Feldman M, Friedman LS, Brandt LJ, eds. Elsevier, 
Philadelphia, 2010, p. 1615.

 3. Gosche JR, Vick L, Boulanger SC, et al.: Midgut abnormalities. Surg Clin N 
Am 86:285, 2006.

 4. O’Rahilly RO, Muller F:  Developmental Stages in Human Embryos. 
Carnegie Institution of Washington, Washington, DC, 1990.

 5. Sadler TW:  Langman’s Medical Embryology, ed 13. Lippincott Williams 
and Wilkins, Philadelphia, 2015.

 6. Martin V, Shaw-Smith C: Review of genetic factors in intestinal malrota-
tion. Pediatr Surg Int 26:769, 2010.

 7. Aslanabadi S, Ghalehgolab-Behbahan A, Jamshidi M, et al.: Intestinal mal-
rotations: a review and report of thirty cases. Folia Morphol 66:277, 2007.

 8. Shalaby MS, Kuti K, Walker G:  Intestinal malrotation and volvulus in 
infants and children. BMJ 347:f6949, 2013.

 9. Roberts DJ: Molecular mechanisms of development of the gastrointestinal 
tract. Dev Dyn 219:109, 2000.

 10. Ramalho-Santos M, Melton DA, McMahon AP: Hedgehog signals regu-
late multiple aspects of gastrointestinal development. Development 
127:2763, 2000.

 11. de Santa Barbara P, Van den Brink GR, Roberts DJ: Molecular etiology of 
gut malformations and diseases. Am J Med Genet 115:221, 2002.

 12. Mahlapuu M, Pelto-Huikko M, Aitola M, et  al.:  FREAC-1 contains a 
cell-type-specific transcriptional activation domain and is expressed in 
epithelial-mesenchymal interfaces. Dev Biol 202:183, 1998.

 13. McLin VA, Henning SJ, Jamrich M:  The role of the visceral meso-
derm in the development of the gastrointestinal tract. Gastroenterology 
136:2074, 2009.

 14. Spence JR, Lauf R, Shroyer NF: Vertebrate intestinal endoderm develop-
ment. Dev Dyn 240:501, 2011.

 15. McKeown SJ, Stamp L, Hao MM, et al.: Hirschsprung disease: a develop-
mental disorder of the enteric nervous system. Wiley Interdiscip Rev Dev 
Biol 2:113, 2013.

27.1 JeJUnal atreSIa and StenOSIS

Definition: Absence or narrowing of the lumen in a segment of the jejunum.

ICD9/ICD10: 751.110/Q41.1 Syndrome Associations (Appendix)
Cystic fibrosis (CFTR)
Multiple intestinal atresias
Situs inversus/polysplenia
Strømme
Trisomy 21
47,XXX
del 15q24
Prenatal cocaine, cafergot exposure

Birth prevalence: 1/1,500

Associated anomalies: ocular anomalies, cardiovascular 
defects, malrotation, gastroschisis, omphalocele, other 
intestinal atresias

Laboratory studies: radiographs, contrast enema, CFTR 
mutation screening

Prenatal diagnosis: no reliable and specific test

Cause: vascular disruption, rarely chromosomal or 
Mendelian

The infant with jejunal atresia presents with a variety of signs 
related to obstruction, including abdominal distension, bilious 
vomiting, and absent or limited meconium passage.1-3 These 
findings may be presaged by polyhydramnios during pregnancy 
and excessive gastric aspiration at birth. Polyhydramnios may 
be anticipated with obstruction at or proximal to the jejunum 
although not with more distal obstruction, due to adequate 
intestinal absorption in the latter situation. Jejunal atresia ulti-
mately leads to bilious emesis, which may occur in the initial 
hours of life if the enteric system is already distended with 
amniotic fluid. Earlier vomiting correlates positively with more 
proximal atresia. With high intestinal obstruction, the gastric 
contents at birth will exceed 15–20 ml and will be bilious.

After delivery, the abdomen becomes distended with swal-
lowed air. X-rays will show air-dilated structures proximal to 

the obstruction, and the level of the obstruction can generally 
be determined by the gas pattern (Fig. 27.1.1). Upper gastro-
intestinal contrast studies are usually unnecessary. Contrast 
enema is recommended, since colonic atresia may coexist 
with proximal atresias. Other considerations in the differential 
diagnosis include ileus from sepsis and obstruction from vol-
vulus, malrotation, anorectal malformation, intussusception, 
meconium plug, and meconium ileus.

Several types of jejunal atresia have been described. These 
include occlusion with a diaphragm of variable thickness (type 
I), occlusion over a variable length of intestine with the two 
blind ends connected by a solid cord (type II), and occlusion 
with complete separation of the two blind ends and a cleft in 
the connecting mesentery (type III). These types are shown 
schematically with intestinal stenosis and multiple atresias in 
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Figure 27.1.2. Complete atresia with no connection between 
the two blind cords (type III) is the most common type of 
small intestine atresia, constituting about one-half of all cases. 
Atresia with a solid cord connecting the two patent sections of 
bowel (type II) is next in frequency. Twenty percent of small 
intestine atresias are in the form of a thin diaphragm (type I). 
Multiple areas of atresia are found more commonly in jejunal 

atresia than in ileal atresia. Stenosis of the bowel lumen is much 
less common than atresia, comprising only about 5 percent.

A distinct type of jejunal atresia has been termed “apple-peel 
atresia,”5-8 which comprises about 10 percent or more of small 
bowel atresias and has been considered a variant of type III 
atresia. Apple-peel atresia is located in the proximal jejunum. 
The small intestine is short, and the portion distal to the atresia 
is coiled around a mesenteric remnant with its vascular supply 
provided via anastomoses with more distal mesenteric arteries 
(Fig. 27.1.3). Infants with this type of atresia more frequently 
have low birth weight and associated anomalies. Familial cases 
have been reported.6

The bowel is malrotated in about 10  percent of cases. 
Meconium ileus occurs in a similar percentage. An underly-
ing cause for the atresia (malrotation, volvulus, intussuscep-
tion, gastroschisis, omphalocele) can be found in one-fourth 
of cases. Anomalies outside the gastrointestinal system 
are uncommon, occurring in less than 5  percent of cases.9 
Cardiovascular anomalies are the most frequent of these, 
occurring in 2 percent. Down syndrome, found in one-third 
of infants with duodenal atresia, has been described in about 
1  percent of individuals with nonduodenal bowel atresias. 
Jejunal atresia has been noted in association with anterior 
chamber abnormalities, situs inversus with polysplenia, cho-
anal atresia and athelia, polydactyly, and alpha-thalassemia 
and distal limb reduction defects.10-14

Earlier hypotheses that intestinal atresias resulted from 
primary agenesis or from failure of the intestine to “recanalize” 
have been largely replaced by the concept that these defects 
represent vascular disruptions.15 Ligation of the mesenteric 
vasculature and the production of experimental volvulus in 
animal fetuses have produced all of the types of intestinal 

Fig. 27.1.1 Radiograph showing dilated stomach, duodenum, and proximal 
jejunum in an infant with jejunal atresia.

Fig. 27.1.2 Types of intestinal stenosis and atresia. A: Stenosis. B: Type I, obstruction by a thin diaphragm. C: Type II, complete discontinuity of intestine with a solid 
cord connecting the two ends. D: Type III, separation of two ends of the intestine with no intervening cord and with a cleft of the mesentery. E: Multiple atresias.



734 |  H U m a n  m a l f O r m at I O n S  a n d  r e l at e d  a n O m a l I e S

atresias seen in humans. Cystic fibrosis is a specific predispos-
ing factor in about 10 percent of cases.16

Treatment: Removal of bowel obstruction and restoration 
of bowel continuity are the major goals of atresia surgery. 
Different medical centers prefer different types of anastomoses. 
All indicate the importance of resection of the blind ends of 
the bowel, particularly the dilated proximal segment, because 
of poor vascularization of the atretic ends. Primary end-to-end 
anastomosis is the most common approach. Placement of an 
enterostomy is usually necessary only as a temporary proce-
dure, if at all.

Prognosis: The prognosis for infants with jejunal atresia 
depends on successful medical and surgical therapy, appro-
priate support of electrolyte and fluid balance, nutrition, and 
respiratory status, as well as the severity of and ability to man-
age associated anomalies. Coexisting cystic fibrosis may be a 
long-term complication. Removal of excessive intestine can 

produce the “short bowel syndrome” in which there is inad-
equate digestion and absorption and increased transit time. 
Retention of a length of bowel sufficient for nutrient absorp-
tion is fundamental. Potential for survival and adequate 
growth is best when more than 40 cm of small intestine can be 
retained. Survival decreases dramatically when less than 40 cm 
can be retained.

REFERENCES

 1. deLorimer AA, Fonkalsrud EW, Hays DM: Congenital atresia and stenosis 
of the jejunum and ileum. Surgery 65:819, 1969.

 2. Dalla Vecchia LK, Grosfeld JL, West KW, et al.: Intestinal atresia and ste-
nosis. Arch Surg 133:490, 1998.

 3. Nixon HH, Tawes R:  Etiology and treatment of small intestine atre-
sia: analysis of a series of 127 jejunoileal atresias and comparison with 62 
duodenal atresias. Surgery 69:41, 1971.

 4. Wax JR, Hamilton T, Cartin A, et al.: Congenital jejunal and ileal atresia. 
Natural prenatal sonographic history and association with neonatal out-
come. J Ultrasound Med 25:337, 2006.

 5. Zwiren GT, Andrews HG, Ahmann P: Jejunal atresia with agenesis of the 
dorsal mesentery (“apple peel small bowel”). J Pediatr Surg 7:414, 1972.

 6. Farag TI, Teebi AS: Apple peel syndrome in sibs. J Med Genet 26:67, 1989.
 7. Onofre LS, Maranhão RF, Martins EC, et al.: Apple-peel intestinal atre-

sia:  enteroplasty for intestinal lengthening and primary anastomosis.  
J Pediatr Surg 48:E5, 2013

 8. Harper L, Michel J-L, de Napoli-Cocci S, et al.: One-step management of 
apple-peel atresia. Acta Chir Belg 109:775, 2009.

 9. Best KE, Tennant PWG, Addor M-C, et al.: Epidemiology of small intesti-
nal atresia in Europe: a register-based study. Arch Dis Child Fetal Neonatal 
Ed 97:F353, 2012.

 10. Castori M, Laino L, Briganti V, et al.: Jejunal atresia and anterior chamber 
anomalies: further delineation of the Strømme syndrome. Eur J Med Genet 
53:149, 2010.

 11. Rasool F, Mirza B:  Polysplenia syndrome associated with situs inversus 
abdominus and type I jejunal atresia. APSP J Case Rep 2:18, 2011.

 12. Uchida K, Konishi N, Inoeu M, et al.: A case of congenital jejunal atresia 
associated with bilateral athelia and choanal atresia: new syndrome spec-
trum. Clin Dysmorphol 15:37, 2006.

 13. Girisha KM, Nayak SS, Rawal A, et al.: Jejunal atresia and postaxial poly-
dactyly: a newly recognized phenotype. Clin Dysmorphol 22:121, 2013.

 14. Lee SY, Li CK, Ling SC, et al.: Survival of homozygous alpha-thalassemia 
with aplasia/hypoplasia of phalanges and jejunal atresia. J Matern Fetal 
Neonatal Med 22:711, 2009.

 15. Wang X, Yuan C, Xiang L, et al.: The clinical significance of pathological 
studies of congenital intestinal atresia. J Pediatr Surg 48:2084, 2013.

 16. Siersma CL, Rottier BL, Hulscher JBF, et al.: Jejunoileal atresia and cystic 
fibrosis: don’t miss it. BMC Res Notes 5:677, 2012.

27.2 Ileal atreSIa and StenOSIS

Definition: Absence or narrowing of the lumen in a segment of the ileum.

ICD9/ICD10: 751.120/Q41.2 Syndrome Associations (Appendix)
Multiple intestinal atresias
Ventral wall defects
Cystic fibrosis (CTFR)

Birth prevalence: 1/1,500

Associated anomalies: other alimentary tact atresias, 
malrotation

Laboratory studies: radiographs, contrast enema, cystic 
fibrosis mutation testing

Prenatal diagnosis: ultrasonography can suggest in some 
cases

Cause: vascular insult

Fig. 27.1.3 Schematic showing apple peel atresia of proximal jejunum. The 
distal small bowel spirals around a vascular stalk originating in the region 
of the cecum. (Redrawn from Zerella and Martin: Surgery 80:550, 1976 and 
Grosfeld: Pediatric Surgery, vol 2, ed 4. Welch KL, Ravitch MM, Benson CD, 
et al., eds. Year Book, Chicago, 1986, p 838.)
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In patients with ileal atresia/stenosis, a triad of clinical find-
ings becomes evident during the first days of life: abdominal 
distension, bilious vomiting, and failure to pass meconium. 
Abdominal radiographs show dilated loops of bowel and 
absence of air in the rectum. Microcolon may be demonstrated 
on contrast enema (Fig. 27.2.1).

Other alimentary tract abnormalities including volvulus, 
intussusception, malrotation, and aganglionosis may coexist.1-4 
Cardiac and genitourinary tract anomalies occur in a minority, 
and some individuals will have ileal atresia or stenosis due to 
underlying conditions such as cystic fibrosis, intestinal angio-
dysplasia or leiomyoma, and split notochord syndrome. The 
pregnancies may be complicated by polyhydramnios, prema-
ture labor and delivery, and meconium peritonitis.

Prenatal diagnosis of ileal atresia can be challenging.5-7 
Nearly half of cases will have no ultrasound findings to suggest 
intestinal obstruction.5 Multiple dilated loops of bowel and a 
single large anechoic cyst are the two findings most suggestive 
of ileal atresia.

Several types of atresia of the small intestine have been 
described. These include occlusion with a diaphragm of vari-
able thickness (type I), occlusion over a variable length of 
intestine with the two blind ends connected by a solid cord 
(type II), and occlusion with complete separation of the two 
blind ends and a cleft in the connecting mesentery (type III). 

These types are shown schematically with intestinal stenosis 
and multiple atresias in Figure 27.1.2. Type III atresia is the 
most common, accounting for approximately half of cases, 
followed by type II (30 percent) and then type I (20 percent). 
In contrast with jejunal atresias, most ileal atresias are single.7 
Stenosis of the bowel lumen is much less common than atresia, 
comprising only about 5 percent.

The pathogenesis if ileal atresia is considered to be small 
bowel ischemia through a number of mechanisms, with twist-
ing on the mesentery being the most common.8,9 The associa-
tion with aganglionosis of the colon is notable in this context. 
The atretic segment of ileum may block the migration of mes-
enteric cells to the colon, resulting in total or near total agan-
glionosis of the colon.9

Treatment: Improvements in neonatal care, parenteral nutri-
tion, and surgical techniques have lowered the mortality of 
ileal atresia over the past half century from 30 to 50 percent 
to less than 10  percent in infants without other anomalies, 
and less than 20 percent in infants with other anomalies. Low 
birth weight and other major anomalies remain as significant 
risk factors. Surgical success depends on recovery of intestinal 
function, the success of which may be enhanced by remov-
ing 15 cm of intestine proximal and 3 cm distal to the atretic 
segment.10

Prognosis: Prognosis becomes more favorable with increas-
ingly distally located ileal atresia.11 Conversely, low birth 
weight and associated anomalies complicate management and 
ultimate outcome.1,6,11 Although prolonged parenteral nutri-
tion may be required, most infants will eventually achieve 
enteral feeding.
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Fig. 27.2.1 Microcolon demonstrated by barium enema in a 3-day-old infant with 
ileal atresia. Note also malrotation with distal ileum to right of cecum. (Courtesy 
of Dr. Rodney I. Macpherson, Medical University of South Carolina, Charleston.)
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27.3 COlOn atreSIa and StenOSIS

Definition: Absence or narrowing of the lumen in a segment of the colon.

ICD9/ICD10: 751.200/Q42 Syndrome Associations (Appendix)
Multiple intestinal atresias
Prenatal cocaine exposure
Prenatal varicella infection

Birth prevalence: 1/20,000

Associated anomalies: craniofacial and ocular anomalies 
rare; ventral wall defects, volvulus, malrotation, atresias of 
small intestine in about half

Laboratory studies: radiographs, contrast enema

Prenatal diagnosis: ultrasonography in some cases

Cause: vascular compromise

As with other intestinal atresias, colon atresia or marked steno-
sis leads to abdominal distension, bilious vomiting, and failure 
to pass meconium, sometimes accompanied by dehydration. 
Prematurity is common. An abdominal X-ray may demon-
strate an air bubble proximal to the obstruction, and contrast 
enema typically shows microcolon distal to the atretic section 
(Fig. 27.3.1). Ultrasound may be helpful in identifying mul-
tiple areas of atresia and avoid the risk of perforation from 
contrast enema.

Atresia of the colon occurs less commonly than atresias of 
the duodenum, jejunum, or ileum.1 In most series, only about 
10 percent of intestinal atresias occur in the colon. Atresia of 
the colon is over 10 times as frequent as stenosis. There is a 
slight male predominance.

The same types of atresias found in the small intestine 
occur in the colon (Fig. 27.1.2). Small series prior to 1970 
reported near-equal incidences of types I, II, and III.2,3 More 
recent series showed an excess of type III lesions.4-6 Among 
cases with a single short segment of atresia, the sigmoid and 
transverse regions are most commonly affected and the hepatic 
and splenic flexures least commonly affected (Fig. 27.3.2).2,7,8 
Long segment atresia covering two or more regions and mul-
tiple atresias make up one-third of colon atresias. Type III 
lesions tend to occur on the right side, which may help explain 

Fig. 27.3.1 Colon atresia. Abdominal radiograph showing dilated proximal 
colon (arrow) and multiple loops of dilated small intestine. (Courtesy of 
Dr. Michael Thomason, Greenville Memorial Medical Center, Greenville, SC.)

Fig. 27.3.2 Schematic showing location of atresias of the colon. (Percentages 
shown are from data of Peck et al.,2 Heckel and Apfelbach,7 and Coran and 
Eraklis.8)
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a greater incidence of volvulus affecting the right colon. The 
descending and sigmoid segments of the colon have a higher 
incidence of type I  lesions. With the exception of multiple 
segmental atresias, all other types of colon atresias are con-
sidered to be late anomalies occurring secondary to vascular 
compromise.

Other anomalies can be found in as many as half of patients 
with atresia of the colon.2-6,9-13 Most of these anomalies involve 
the gastrointestinal system and often are contributing fac-
tors in the cause of the atresia. These include abdominal wall 
defects, volvulus, aganglionosis, and malrotation. Associated 
vesicoenteric fistula is not uncommon. About 10 to 20 percent 
of cases will have jejunal atresia. Because of this, a contrast 
enema is typically performed on all infants who present with 
features of small bowel obstruction. Craniofacial or ocular 
anomalies have been reported in 20 (6.9 percent) of the 290 
cases reviewed by Siminas et al.10

Treatment: Atresias of the right colon are preferentially 
resected with primary anastomosis performed. Ileostomy and 
right-sided colostomies are poorly tolerated by infants because 
of fluid and electrolyte imbalance. Surgical correction of atre-
sias distal to the hepatic flexure commonly involves a colos-
tomy during the neonatal period, followed by anastomosis late 
in the first year of life. Poor vascularity of the dilated proxi-
mal stump compromises the anastomosis, and resection of a 
portion of this region has improved the outcome. The small 
caliber of the colon distal to the atresia has been termed micro-
colon. This segment is generally quite normal except for size. 

It will dilate and function normally once bowel continuity is 
established.

Prognosis: There has been steady improvement in surgical 
outcome, with survival below 50 percent during the first half of 
the century, 60 to 70 percent during the 1950s and 1960s, and 
90 percent since 1970. Less favorable outcome attends delayed 
diagnosis and surgery.
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27.4 mUltIPle InteStInal atreSIaS

(Hereditary Multiple Intestinal Atresia)

Definition: Multiple areas in the small and large intestine where the lumen has failed to form or is markedly narrowed.

ICD9/ICD10: 751.5/Q43.4 Syndrome Associations (Appendix)
Hereditary multiple intestinal atresias (TTC7A)
Multiple intestinal atresia-choanal atresia

Birth prevalence: 1/15,000–1/25,000

Associated anomalies: choanal atresia, Meckel 
diverticulum, intestinal angiodysplasia

Laboratory studies: plain and contrast radiographs

Prenatal diagnosis: ultrasonography may identify 
polyhydramnios and distension of the stomach and bowel

Cause: vascular compromise, Mendelian (AR)

One-fourth of intestinal atresias will have more than one 
atretic segment (Fig. 27.4.1). Since the clinical presentation is 
typically the same as in single segment atresias, radiographic 
studies and intraabdominal exploration at surgery should rou-
tinely search for additional atretic segments.1-4

Hereditary multiple intestinal atresias are rare among the 
cases with multiple segments of atresia. Less than 50 cases have 

been reported in the past century.5-8 There is evidence of autoso-
mal recessive inheritance, and the condition is uniformly lethal 
in infancy with mean survival less than two months. Immune 
dysfunction has been found in most cases, and mutations in 
TTC7A have been documented in some cases.9 Bi-allelic muta-
tions in this gene may also cause severe infantile-onset inflam-
matory bowel disease, which may represent a continuum with 
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multiple intestinal atresia.10 Affected infants depend on paren-
teral nutrition and experience recurrent sepsis.

Multiple areas of intestinal atresia have been associ-
ated with choanal atresia, agenesis of the gallbladder, iris 
coloboma, and cortical heterotopias with growth hormone 
deficiency.2,11-13

Treatment: Supportive treatment for comfort and nutrition 
is indicated in hereditary multiple atresias. In other multifocal 
atresias, the atretic areas are surgically resected with preserva-
tion of as much bowel as possible.

Prognosis: The prognosis depends on the extent of the atretic 
segments in multifocal atresias. Retention of 40 cm or more of 
small intestine favors outcome. Infants with hereditary mul-
tiple intestinal atresia have uniformly fatal outcomes, usually 
within the initial few months of life.
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27.5 megaCOlOn

(Hirschsprung Disease, Aganglionic Megacolon, Aganglionosis)

Definition: Enlargement in the diameter of part or all of the colon.

ICD9/ICD10: 751.340/Q43.1 Syndrome Associations (Appendix)
Cartilage-hair hypoplasia (RMRP)
Congenital central hypoventilation (PHOX2B)
Mowat-Wilson (ZEB2)
Multiple endocrine neoplasia-II (RET)
Piebaldism
Shprintzen-Goldberg
Smith-Lemli-Opitz (DHCR7)
Waardenburg IV (SOX10, EDNRB, EDN3)
Trisomy 21
Prenatal cytomegalovirus infection
Prenatal hyperthermia

Birth prevalence: 1/5,000

Associated anomalies: bowel atresias

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: none

Cause: chromosomal, Mendelian (AR, AD), 
environmental, faulty neural crest migration

Fig. 27.4.1 Multiiple intestinal atresias. Segments of small intestine (SI) 
with attached mesentery (M) showing multiple areas of intestinal atresia 
(A). Note the disrupted and abnormal vascular distribution pattern within 
the transilluminated mesentery (arrows). (Courtesy Dr. Will Blackburn, 
Fairhope, AL.)
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The clinical presentation of megacolon can be variable and 
includes failure to pass meconium, with abdominal distension 
and vomiting in the initial days of life.1 Bowel perforation may 
complicate the clinical picture. Meconium ileus and meco-
nium plug are both diagnostic considerations with this presen-
tation. A second neonatal presentation may involve diarrhea 
secondary to enterocolitis, which may progress to ulceration, 
septicemia, and peritonitis. This occurs more commonly in 
large-segment aganglionosis and carries a high mortality rate. 
The possibility of aganglionic megacolon may be overlooked in 
the course of evaluating and treating the life-threatening com-
plications. A  third presentation in older infants or children 
involves chronic constipation and abdominal distension. This 
presentation can be confused with “psychogenic” megacolon 
(voluntary stool retention after toilet training).

Megacolon causes abdominal distension and constipation. 
The abdomen may be grossly and progressively distended. 
Depending on the duration and cause, varying degrees of 

colonic dysfunction may accompany the enlargement. Bowel 
movements become infrequent and large, and encopresis may 
occur. Excessive drying of fecal material results in concretions 
that may be falsely interpreted on palpation as an intraabdom-
inal neoplasm.

Two major diagnostic considerations arise when mega-
colon is identified. Aganglionic megacolon (Hirschsprung 
disease), characterized by absence of the parasympathetic 
ganglion cells of the bowel wall, may present at any time from 
birth to late childhood.1-4 Psychogenic megacolon develops 
from voluntary stool retention and occurs after the period of 
toilet training. Megacolon may also be associated with atresia 
or agenesis of the distal colon or anorectal area.5 This anatomic 
cause of megacolon can be readily identified with clinical and 
radiographic examinations during the neonatal period. The 
colon is dilated above the aganglionic segment (Fig. 27.5.1). 
The small-caliber aganglionic segment is maintained by tonic 
contraction of the noninnervated vasculature.

Fig 27.5.1 Hirschsprung disease. Top: Contrast enema in 3-day-old male showing constricted segment (arrowheads) in sigmoid colon. Bottom: Contrast enema 
in same infant at 5 months showing dilation of colon proximal to the constricted segment (arrowheads). (Courtesy of Dr. Michael Thomason, Greenville Memorial 
Medical Center, Greenville, SC.)
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Most cases of aganglionic megacolon involve the rectum, 
although the extent of involvement proximal to the rectum var-
ies.3,4 In 80 percent of cases the aganglionic segment extends to 
the midsigmoid, while the transverse or right colon is involved 
in only 10 to 20 percent. The entire colon is involved in 3 percent, 
and extension to the small intestines is quite rare. Males are more 
commonly affected with a 3:1 to 5:1 sex ratio. The longer the seg-
ment of aganglionosis, the closer the sex ratio comes to 1:1.6

Digital rectal examination is helpful in diagnosis. Since 
the rectum is usually involved in aganglionic megacolon, the 
anal sphincter is not thickened and the rectum is small caliber 
without fecal contents. This contrasts with psychogenic mega-
colon in which the anal sphincter is hypertrophied and the rec-
tum is dilated with feces.

In Hirschsprung disease, barium enema will typically show 
a transition zone at the junction of the dilated megacolon and 
the normal or small-caliber aganglionic segment (Fig. 27.5.1). 
The typical appearance may not be seen in the first months 
of life, in older children who use repeated enemas for colon 
decompression, and in those with aganglionosis of the entire 
colon. Rectal biopsy may be necessary in these cases.

Aganglionosis of the colon may occur as an isolated find-
ing or in association with a number of potential additional 
anomalies.7-9 Three percent of infants with Down syndrome 
have colon aganglionosis.

There is a particular association with abnormal neural 
crest migration, both in terms of syndromal associations and 
with apparently isolated aganglionic megacolon.10 Neuroblasts 
destined to form the ganglia of the intestinal wall derive from 
cephalic neural crest. The neuroblasts migrate caudally along 
the vagus nerve pathways and reach the rectum by week 12 
of development. Pelvic parasympathetic nerves also contrib-
ute to the formation of the intestinal ganglia. The myenteric 
(Auerbach) plexuses form first and are located outside the 
circular muscle layer. Submucosal (Meissner) plexuses form 
subsequently. Both myenteric and submucosal plexuses are 
absent in Hirschsprung disease. Since neuroblasts that form 
these plexuses migrate in a cephalic-caudal direction, dener-
vated intestine extends without interruption from the level of 
interruption of neuroblast migration to the rectum. The ten-
dency of denervated bowel to tonic contraction explains the 
small caliber of the aganglionic segment.

Not all cases of megacolon due to neuronal dysfunction 
have aganglionosis. Ganglionic megacolon, presumably due 
to an imbalance in sympathetic and parasympathetic innerva-
tion, has been described in neurofibromatosis, intestinal neu-
ronal dysplasia, and multiple mucosal neuroma syndrome.

Mutations in several genes that have roles in the devel-
opment, migration, and survival of neuronal cells have been 
found in patients with Hirschsprung disease.1,11-13 The recep-
tor tyrosine kinase RET is the best known, responsible for 
half of familial cases and 15 to 20 percent of sporadic cases. 
Mutations in GDNF, EDNRB, EDN3, and NRTN have been 
found in a minority of sporadic cases. Syndromal forms of 
Hirschsprung disease have been associated with mutations in 
SIP1, EDNRB, EDN3, and SOX10. Possible associations with 

maternal hyperthermia and with prenatal cytomegalovirus 
infection have been reported.14,15

The recurrence risk in isolated aganglionic megacolon 
depends on the length of the aganglionic segment. When 
involvement is limited to the descending colon, sigmoid 
colon, and rectum (type I), the risk of recurrence is relatively 
low compared with the risk when the entire colon is involved 
(type II). The risk is similarly high when the small intestine 
is affected. There is some evidence for autosomal dominant 
inheritance in type II.16

Treatment: The effects of neurogenic megacolon are pro-
gressive, and surgical intervention is required. Removal of the 
affected segment of bowel and end-to-end anastomosis is pos-
sible in short segment agangliosis. A colostomy may be neces-
sary. Prenatal diagnosis of megacolon is not possible, since the 
colon is not normally used during the fetal period.

Prognosis: Mortality with surgical intervention is less 
than 5 percent.17 Constipation remains a significant problem 
but becomes less so during the teen and adult years.18 Most 
patients can achieve social continence. Only a minority have 
urinary and sexual dysfunction. Total colon aganglionosis and 
total intestinal aganglionosis have a less optimistic prognosis.
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27.6 malrOtatIOn Of InteStIneS

Definition: Failure of the normal 270° counterclockwise rotation and fixation of the intestine around its midpoint.

ICD9/ICD10: 751.4/Q43.3 Syndrome Associations (Appendix)
Alveolar capillary dysplasia (FOXF1)
Hardiker
Micrognathia-limb reduction
OEIS
Serpentine fibula-polycystic kidney
Simpson-Golabi-Behmel (GPC3)
Strømme
Ventral body wall defects
Pallister-Killian (tetrasomy 12p)
ring chromosome 4
del 16q
dup 11q

Birth prevalence: 1/2,000

Associated anomalies: diaphragmatic hernia, ventral 
body wall defects

Laboratory studies: ultrasonography or upper 
gastrointestinal radiographs with contrast

Prenatal diagnosis: only where associated anomalies are 
present

Cause: unknown, rarely chromosomal or Mendelian

Malrotation results in malposition of the upper intestine (jejunum 
and proximal ileum) relative to the lower intestine (distal ileum, 
cecum, and colon), which predisposes to intestinal obstruction 
(Fig. 27.6.1). Most affected infants become symptomatic in the 
neonatal period, although later presentation or asymptomatic 
occurrence are both common.1-7 Typical presenting findings 
include vomiting, decreased stool passage, and abdominal pain, 
as well as bloody stools. Distension of the abdomen depends on 
the level of obstruction. Several series report that one-half of 
affected infants became symptomatic during the first week of life 
and two-thirds by the end of the first month. In contrast to these 
observations, the large series (170 patients) from Massachusetts 

General Hospital (1992–2009) found that nearly half of affected 
individuals present during adult life, with abdominal pain being 
the most frequent symptom.8 As many as 15 percent of individu-
als with malrotation remain asymptomatic.

A pattern of recurrent abdominal pain and vomiting can 
be caused by intermittent and partial twisting of the malro-
tated bowel. Growth and development may proceed normally, 
and in later childhood the malrotation may become asymp-
tomatic or lead to acute intestinal obstruction.

The degree of malrotation can be variable. Most frequently 
the intestine fails to rotate beyond 180°, leaving the proximal 
bowel to the right of the superior mesenteric artery, and the 

Fig. 27.6.1 Schematic showing rotation of the intestine. A: Appearance of enteric tube prior to coiling and rotation. B: During week 6, the intestine rotates 90° 
counterclockwise around the attachment of the vitelline duct (V), exhibits coiling of the portion of the bowel proximal to the vitelline duct, and herniates into the 
umbilical cord. C,D: A further 180° rotation occurs during week 10 as the intestine returns to the abdomen. E: The cecum migrates to the right lower quadrant of 
the abdomen during the final weeks of gestation.
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lower intestine, including the cecum, to the left of the supe-
rior mesenteric artery. The risk of obstructive complications in 
each case depends on the position of the bowel and mesentery.

X-rays are generally necessary to document malrotation. 
Barium enema will locate the cecum to the left of the midline 
and the small intestine to the right (Fig. 27.2.1).9 Upper gastro-
intestinal contrast studies are helpful in identifying the loca-
tion of high obstructions associated with malrotation.

Three types of obstruction commonly occur with malro-
tation:  volvulus, internal herniation, and duodenal obstruc-
tion. There exists a propensity for distal duodenal obstruction 
secondary to mesenteric bands and adhesions that cross the 
duodenum between the colon and liver. With the incompletely 
rotated intestine, the major portion of intestine is suspended 
on a narrow pedicle containing the superior mesenteric artery. 
This predisposes to volvulus, which may rapidly compromise 
the blood supply to all of the small intestine and most of the 
large intestine, resulting in necrosis.1,10,11,13 Volvulus presents 
with sudden onset of bilious vomiting and abdominal pain. 
There may be a palpable mass and abdominal distension. 
Bloody stool passage, rigid abdomen, and shock can ensue 
without prompt diagnosis and intervention.

Failure of normal intestinal rotation may be expected in 
infants with diaphragmatic hernia, omphalocele, gastroschisis, 
or other ventral body wall defects. While most cases of malro-
tation occur in infants without defects of the abdominal wall 
or diaphragm, other associated anomalies are common.5,11-16 
Stewart et al. found 19 percent of infants with malrotation to 
have anomalies other than abdominal wall and diaphragmatic 
defects.5 Most of the anomalies involved the gastrointestinal 
system. Martin and Shaw-Smith have detailed the syndromes 
in which malrotation of the intestines is a component.12 
Familial intestinal malrotation is uncommon. Townes et  al. 
have reported multiple siblings with malrotation.17 Malrotation 
in parent and child has also been reported. Several studies have 
shown a male excess of approximately 2:1.

Treatment: In a minority of cases, malrotation remains 
asymptomatic and is found incidentally. Most cases become 

symptomatic during the initial weeks of life and require sur-
gical intervention to relieve intestinal obstruction (volvulus, 
internal hernia, peritoneal bands).

Prognosis: In isolated cases of obstruction secondary to mal-
rotation, prompt diagnosis and surgery results in a mortality 
rate of less than 5  percent. Mortality is higher in those who 
become symptomatic in the initial days of life and in those with 
associated anomalies. Recurrence following surgery is unusual.
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27.7 dUPlICatIOnS and CYStS Of InteStIneS

(Intestinal Duplex, Alimentary Tract Duplication, Giant Diverticulum, Enteric Cyst, Double Lumen Intestine)

Definition: Extra segments of the alimentary system that communicate with or are adjacent to the intestinal tract.

ICD9/ICD10: 751.5/Q43.4 Syndrome Associations (Appendix)
None

Birth prevalence: 1/5,000–1/10,000

Associated anomalies: intestinal atresias, gastroschisis, 
omphalocele, imperforate anus

Laboratory studies: abdominal ultrasonography

Prenatal diagnosis: ultrasonography

Cause: unknown
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Intestinal duplications may be long segment or short seg-
ment, blind or communicating (Fig. 27.7.1).1-5 The walls of 
these structures have all the components of intestine, although 
the mucosa may not be the same as that of the adjacent intes-
tine. Intestinal duplications occur on the mesenteric side of 
the intestine and share the same vascular supply as the native 
intestine. Blind duplications (cysts) enlarge because of the 
accumulation of mucosal secretions. They are usually short, 
measuring between 1 and 10 cm, and may obstruct the bowel 
by direct compression or by involvement in intussusception or 
volvulus. Clinical findings include abdominal pain, mass, and 
distension.1,3,4,6,7 Duplicated segments that communicate with 
the adjacent intestine may become distended if the duplicated 
pouch does not empty completely through this communica-
tion. The communication with the adjacent bowel may be at 
either end of the duplication or at both ends. Communicating 
duplications become symptomatic through abdominal pain, 
bleeding, or obstruction.

Although intestinal duplications may be found incidentally 
through radiologic studies, surgery, or necropsy, most become 
symptomatic in early life.2,3 One-fourth result in symptoms in 
the first month of life, one-half by six months, and 90 percent 
by two years of age.

One-third of cases of intestinal duplications will have other 
major anomalies.5 These are primarily gastrointestinal anoma-
lies, including intestinal atresias, imperforate anus, gastroschi-
sis, and omphalocele. Genitourinary and skeletal anomalies 
may also co-occur, but with much lower frequency. Gastric 
mucosa or pancreatic tissue is present in about one-fourth of 
intestinal duplications.

Other cystic structures in the abdominal cavity may be 
confused with intestinal duplications. Vitelline duct remnants 
are generally less than a few centimeters in diameter and occur 
along the antimesenteric surface of the intestine near the 
umbilicus. Mesenteric cysts are thin-walled, soft cysts within 
the mesentery that contain clear fluid or chyle. These cysts 
are separated from the bowel and involve the lymphatic sys-
tem. Presacral enteric cysts may persist from remnants of the 
tailgut.

D U P L I C AT I O N  O F   T H E  S M A L L  I N T E S T I N E

About one-half of all duplications of the gastrointestinal tract 
occur in the small intestine. The majority are found along 
the distal ileum (Figs. 27.7.2, 27.7.3, ).1,6-8 Cysts outnum-
ber communicating duplications by a ratio of five to one. 
Duplications may cause obstruction by direct compression, 
by serving as a lead point for intussusception, and by involve-
ment in a volvulus. The findings depend on the location, but 
induced vomiting, pain, and abdominal mass are common. 
When acid-secreting mucosa lines the duplication that com-
municates with normal intestine, hemorrhage and ulceration 
may occur.

D U P L I C AT I O N  O F   T H E   C O L O N

Duplications can occur at any location along the colon, and 
symptoms depend in part on the location (Fig. 27.7.4).2,7,9-11 

Fig. 27.7.1 Schematic of types of intestinal duplication. A: Cystic duplication 
without communication with intestinal lumen. B,C: Tubular duplications that 
may lie adjacent to intestine or extend away from the intestine. D: Partitioning 
membrane in a portion of the colon. E: Partition of colon by a membrane 
extending the entire length of the colon.
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Cysts behind the rectum displace the rectum forward, causing 
constipation. Duplications that communicate with the urethra, 
bladder, or vagina discharge feces into these structures. Other 
duplications may communicate directly with the perineum 
via an accessory or bipartite anus. Colonic intussusception 
and hemorrhage have also been reported. Cysts outnumber 
communicating duplications by more than three to one. A dis-
tinct type of communicating duplication of the colon has been 
termed double-barrel or double lumen colon. In these cases the 
colon is divided into two more or less equal conduits by a lon-
gitudinal septum. The septum may be limited to a short seg-
ment of the rectum or may partition the entire colon and the 
distal part of the ileum.

The incidence of intestinal duplication has not been well 
documented. Gross et al. evaluated 45 patients over a 22-year 
period at Children’s Hospital in Boston, and Mellish and Koop 
evaluated 22 patients over a 10-year period in Children’s 
Hospital of Philadelphia.2,3 Males and females are affected with 
near-equal frequency.

A single mechanism that explains all intestinal duplica-
tions has not been found.1,5,12 Bremer proposed that incom-
plete recanalization of previously solid regions of the intestine 
could explain most types of duplications.12 It is now appar-
ent that the intestine below the ligament of Treitz does not 
undergo a solid phase. Regional occlusion by epithelial pro-
liferation may occur, and faulty recanalization in these areas 
may lead to short segment duplications. The development of 
diverticula of the intestinal tract has been described in both 
human and animal embryos. It is possible that these diverticuli 
could elongate or become partitioned from the lumen, form-
ing cysts. A  major argument against this mechanism is the 
location of most diverticuli along the antimesenteric aspect of 
the intestine. The association with gastroschisis and intestinal 

Fig. 27.7.2 Location of small bowel duplications. (Percentages [numbers] in 
duodenum, jejunum, and ileum are from Gross et al.,2 Mellish and Koop,3 and 
Grosfeld et al.4)

Fig. 27.7.3 Tubular duplication of the ileum. The duplicated segment contained 
gastric mucosa. (Reprinted with permission from Raffensperger.18)

Fig. 27.7.4 Location of duplications of the colon. (Percentages taken from Gross 
et al.2 and Mellish and Koop.3)
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atresias suggests the possibility that some duplications arise by 
a vascular mechanism. Some duplications, particularly those 
with duplication of the distal alimentary and urinary tracts, 
may represent incomplete twinning.

Treatment: Although a minority of intestinal duplications 
may remain asymptomatic throughout life, surgical treatment 
is recommended in all detected cases. Two major treatments 
are employed:  complete removal, and resection of intra-
lumenal partitions.4 With resection, the duplication and the 
adjacent bowel are removed since they share mesentery and 
vasculature. When the bowel is partitioned by a longitudinal 
septum of the lumen, complete resection is not mandatory, as 
both lumens may serve as unobstructed conduits for intestinal 
contents. Resection of part or all of the septum may be indi-
cated if there is evidence of obstruction. Appropriate attention 
must be given to the evaluation and treatment of coexisting 
anomalies. With adequate nutrition and fluid balance, surgical 
therapy is attended by a very low mortality rate. Prenatal diag-
nosis of enteric duplications is possible using ultrasound.6,13,14

Prognosis: An excellent prognosis attends early diagnosis 
and surgical resection. An increased risk of malignancy may 
attend duplications in the small intestine.15-17
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27.8 meCKel dIVertICUlUm

Definition: Dilated proximal segment of the vitelline duct that is contiguous with the distal ileum.

ICD9/ICD10: 751.010/Q43.0 Syndrome Associations (Appendix)
None

Birth prevalence: 1/30–1/70

Associated anomalies: none

Laboratory studies: Tc-99m pertechnetate scan

Prenatal diagnosis: unlikely

Cause: normal developmental variant

This dilated remnant of the vitelline duct opens into the 
antimesenteric side of the ileum about 50  cm proximal to 
the ileocecal valve. Three-fourths of cases end blindly. The 
remaining cases are connected to the umbilicus or other 
intraabdominal structure by an atretic cord or duct. The 
diverticulum usually remains asymptomatic and is discov-
ered only at unrelated abdominal surgery or necropsy. Less 
than 5  percent become symptomatic, about one-half of 
which will do so in the first two years of life (Fig. 27.8.1).1-4 
Gastric mucosa can be found in 30 to 50 percent of cases, and, 
when present, the likelihood of symptomatic manifestations 
increases.

Clinical presentation of the Meckel diverticulum is quite 
variable, and often the diagnosis is made only at surgery. 
About one-third of symptomatic cases come to attention 
because of painless bleeding. This presentation is frequent in 
the preschool-aged child. The site of bleeding may be in the 
adjacent ileum or in the diverticulum and results from ulcer-
ation due to secretion from gastric mucosa in the diverticu-
lum. Obstruction of the diverticulum or the ileum occurs in 
one-third of symptomatic cases. Ileal intussusception with 
the diverticulum as the lead point is the major obstructive 
phenomenon. Volvulus, umbilical herniation, and obstruc-
tion by remnants of the vitelline duct or vitelline vessels may  
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also occur. Inflammation of the diverticulum accounts for 
about 20 percent of symptomatic cases.3,4 The presentation is 
similar to that of appendicitis.5 One-third of cases of Meckel 
diverticulitis will perforate prior to diagnosis. Persistence of 

a fistula to the umbilicus leads to diagnosis in about 10 per-
cent of symptomatic cases. Benign and malignant neoplasms 
may occur within Meckel diverticulum. Because of the high 
prevalence of Meckel diverticulum, familial cases should not 
be considered unusual. No heritable basis has been established. 
A 2:1 male predominance has been documented.

Treatment: Resection of the Meckel diverticulum is indi-
cated in all symptomatic cases and in those cases found inci-
dentally but predisposed to obstruction because of attachment 
to vitelline duct or vitelline vessel remnants. Removal of the 
asymptomatic Meckel diverticulum is controversial, since 
most cases remain asymptomatic throughout life.6

Prognosis: Recurrence of the diverticulum or of related 
symptoms is not to be expected following surgical resection 
and removal of gastric mucosa in the adjacent ileum.
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Fig. 27.8.1 Meckel diverticulum (M) in 22-month-old male. The child was 
treated for recurrent episodes of intestinal obstruction and ultimately 
required intestinal resection and colostomy (C). (Courtesy Dr. Will Blackburn, 
Fairhope, AL.)
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28 | RECTUM AND ANUS

CATHY A. STEVENS

IntROductIOn

Anorectal malformations are relatively common anoma-
lies. They are usually recognized at birth and can cause life-  
threatening bowel obstruction. However, with appropriate  
surgical intervention the long-term prognosis is good.

Chromosome aberrations, single gene mutations, and ter-
atogenic influences contribute to the causal heterogeneity in 
anorectal malformations. Multiple candidate genes for anorec-
tal malformations have been linked to the WNT signaling path-
way, the related BMP signaling pathway, and to genes related 
to the cytoskeleton.1 It has been shown that the Shh-responsive 
transcription factors Gli2 and Gli3 are important in normal 
hindgut development in the mouse.2,3 Hox cluster genes and 
fgf10 are also expressed during cloacal and anal development 
in the mouse.4,5 Mutant mice with various defects in the Shh 
signaling pathway have a variety of malformations of the distal 
hindgut similar to anorectal malformations seen in humans. 
Of interest, some patients with Pallister-Hall syndrome, which 
is due to mutations in GLI3, have anorectal malformations.6 
The SALL1 gene, which is a possible target gene of SHH sig-
naling, is mutated in Townes-Brocks syndrome. Mutations in 
the homeobox gene HLXB9 are seen in the majority of patients 
with familial Currarino syndrome.7 This gene is closely linked 
to SHH on chromosome 7q36.

A N AT O M I C A L  E M B RY O L O G Y

When it is first formed at the end of the fourth week, the hind-
gut empties into the cloaca, a cavity that separates into the 
bladder anteriorly and upper part of the anal canal posteri-
orly (Fig. 28.I.1). The opening of the gut tube is closed at this 

time by the cloacal membrane. During the fifth week, prolif-
eration of mesoderm immediately inferior to the pelvic floor 
creates the urorectal septum. This septum grows caudally and 
separates the cloaca into the primitive urogenital sinus ante-
riorly and the anorectal canal posteriorly. Where the septum 
contacts the ectoderm of the perineum, it forms the perineal 
body. The septum also divides the cloacal membrane into the 
urogenital and anal membranes. The proctodeum, a depres-
sion of ectoderm around the anal membrane, develops and 
invaginates to form the anal pit that grows toward the hind-
gut portion of the anal canal. During the seventh week the 
anal membrane breaks down, establishing continuity between 
the lower portion of the anal canal, derived from ectoderm 
of the anal pit, and the upper portion, derived from hindgut 
endoderm.

M O L E C U L A R  E M B RY O L O G Y

Several Hox genes, as well as Shh, are essential for anorectal 
development. SHH in the cloacal plate promotes Wnt5a expres-
sion in the adjacent mesoderm, which in turn activates the WNT 
target gene Axin2 in the dorsal cloacal plate.8 The JNK pathway, 
activated by Bmp7 expression in the mesenchyme, regulates cell 
division and differentiation in the cloacal endoderm.9 Expression 
of Six1 and Eya1 in the mesenchyme surrounding the cloaca is 
also required for proliferation of perineum progenitor cells and 
septation of the cloaca into anal and urogenital canals.10

Webster has provided an extensive review of the evalu-
ation of the treatment of anorectal malformations.11 There 
are a few references to anal atresia in the writings of ancient 
Egypt, Greece, and Rome, primarily suggesting rupturing an 
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Fig. 28.I.1 Schematics of the cloacal region in embryos at successive stages of development. Arrow indicates the route of descent of the urorectal septum. Note 
the anorectal canal and perineum.
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anal membrane with the finger. Paul of Aegina (ad 625–690), 
a Greek physician, gave the earliest account of surgical inter-
vention for anal atresia. Following incision, dilation with bou-
gies and application of wine and salve was recommended. 
Little more was written about this subject until the seventh 
century when Scultetus advocated anal dilation with gentian 
root following the incision. Benjamin Bell (1787) of England 
performed perineal incision in the midline followed by dila-
tion of the wound with the finger. If the rectal pouch was not 
located, a trocar was introduced to search for it. This some-
times resulted in perforation of the bladder or peritoneal cav-
ity. Even when this type of operation was initially successful, 
occlusion by scar tissue often occurred resulting in obstruction 
and death. Infants with rectovesical or rectourethral fistulas 
often died of infection or secondary to obstruction of the fis-
tula. On the other hand, there were several reports of women 
with rectovaginal fistulas who were diagnosed very late, since 
this fistula is often wide enough to allow adequate stool flow.

Duret performed the first successful colostomy for anal 
atresia in 1793. However, many children died after this pro-
cedure and it was not universally accepted. In 1835 a major 
advancement occurred when Amussat suggested incising the 
skin over the external sphincter, mobilizing the blind pouch 
of bowel, and anchoring the mucosa to the anal skin with 
sutures. He also recommended enlarging the field of operation 
by excision of the coccyx. Others also resected the sacrum. 
Roux de Brignolles (1834) emphasized exposing the external 
sphincter and preserving the tissue of the perineum. By the 
end of the nineteenth century an abdominoperineal approach 

was accepted as the method of dealing with rectal atresia inac-
cessible by perineal incision. This was initially a two-stage 
procedure with temporary colostomy and later a one-stage 
procedure without colostomy. This methodology led to the 
modern surgical techniques currently used.
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28.1 atResIa Of tHe Rectum and anus

(Imperforate Anus, Anorectal Malformation)

Definition: Incomplete hindgut development resulting in imperforate anus and varying degrees of rectal atresia.

ICD9/ICD10: 751.2, 752.42/Q42.1, Q42.3 Syndrome Associations (Appendix)
Baller-Gerold (RECQL4)
Johanson-Blizzard (UBR1)
OEIS complex
Opitz FG (MED12)
Pallister-Hall (GLI3)
Sirenomelia
Townes-Brocks (SALL1)
VACTERL
Cat-eye (tetrasomy 22pter-q11)
Velocardiofacial (22q11.2 deletion)
Trisomy 21
Maternal diabetes

Birth prevalence: 1/1,000–1/5,000

Associated anomalies: genitourinary, skeletal, 
gastrointestinal, cardiovascular in 50%

Laboratory studies: radiographs, chromosome analysis, 
microarray analysis, gene sequencing

Prenatal diagnosis: ultrasonography will detect some 
cases

Cause: Mendelian (AD, AR, XL), chromosomal, 
environmental

The spectrum of anorectal anomalies varies widely. The sever-
ity ranges from relatively mild defects such as anteriorly dis-
placed anus, imperforate anal membrane, and anal stenosis, 

to more severe complete anal agenesis and rectal atresia. Most 
of these anomalies are detected at birth by visual inspection 
or with failure to pass meconium. Alternatively, meconium 
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may be passed via a vaginal, urethral, or perineal fistula (Fig. 
28.1.1). In the minority of situations the lesion is truly imperfo-
rate: there is no communication with urinary or genital tract or 
the perineum.1 Rarely the anus may appear normal, but intesti-
nal obstruction or ribbon stools may lead to the discovery of an 
internal membrane or stenotic canal. In high lesions the atresia 
is above the levator muscles (Fig. 28.1.2), while low lesions are 
located below the levator muscles (Fig. 28.1.3). With interme-
diate lesions, the atresia is within the puborectalis muscle sling 
of the levator ani muscle (Fig. 28.1.4).2,3 An infant with a high 
lesion often has a smooth perineum without an anal pit or fis-
tula, and an absent anal wink. However, the external appear-
ance cannot predict the level of atresia with certainty.

The frequency of other anomalies found in patients with 
anorectal malformations is approximately 50 percent but var-
ies from 20 to 70  percent in different studies.4-6 This varia-
tion largely reflects the extent of investigations performed. 
Anomalies in other organ systems are more common in 
patients with high lesions compared to intermediate and low 
lesions. Anomalies may be multiple and may be serious or 
life-threatening. The large study by Hasse found associated 
anomalies in over 60  percent:  urogenital 19.6  percent, skel-
etal 13.2  percent, gastrointestinal 10.8  percent, cardiovascu-
lar 8  percent, abdominal wall 2  percent, cleft lip/cleft palate 
1.6 percent, Down syndrome 1.5 percent, meningomyelocele 
0.5 percent, and other 8.1 percent.5 Urogenital anomalies may 
include renal aplasia or hypoplasia, hydronephrosis, megaure-
ters, and hypospadias. Skeletal abnormalities include sacral 
defects, vertebral and rib anomalies, clubbed feet, and radial 
defects. Gastrointestinal malformations include esophageal 
and other gut atresias, malrotation, and volvulus. There are 
also numerous syndromes in which anorectal malformations 
are a component (see Syndrome Associations).

The incidence of anorectal malformations is approximately 
1 in 2,500 births with a slight male predominance. These mal-
formations occur in all ethnic groups. Low anorectal lesions 
are more common than high or intermediate lesions. While 
most instances of anorectal malformations are sporadic, there 
are several reports of familial cases of isolated anorectal mal-
formations. The patterns of inheritance include autosomal 
dominant with reduced penetrance, autosomal recessive, and 
X-linked recessive.7,8 Recurrence risk for sibs is approximately 
1 percent.6 Approximately 4 to 5 percent of infants with ano-
rectal malformations have a chromosome abnormality (most 
commonly Down syndrome).6 Teratogenic causes of anorectal 

 

Fig. 28.1.1 A: Imperforate anus with fistula on posterior fourchette. B: Low 
lesion of anal stenosis with so-called bucket handle appearance. (Courtesy of 
Dr. Michael Carr, T.C. Thompson Children’s Hospital, Chattanooga, TN.)

Fig. 28.1.2 Schematic of high rectoanal atresias. A: Normal male (top) and female (bottom). B: Defect with rectourethral fistula in male (top) and without fistula in 
female (bottom). C: Defect with rectourethral fistula and anal pit in male (top) and high rectovaginal fistula in female (bottom). Horizontal line (pubococcygeal line) 
indicates upper level of puborectalis muscle, which separates high lesions from intermediate and low lesions.
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malformations include thalidomide exposure and maternal 
diabetes.

Treatment: Surgical treatment for anorectal malformations 
is usually performed in the neonatal period.9 However, some 
low lesions such as anteriorly displaced anus may not require 
intervention unless there is accompanying anal stenosis or 
chronic constipation. A thorough evaluation should be done 
in newborns looking for associated malformations and syn-
dromes. Voiding cystourethrogram and fistulograms help to 
identify the path of fistulous tracts (Fig. 28.1.5). Ultrasound is 
useful to determine the measurement between the perineum 
and the distal rectum (Fig. 28.1.6).

Prognosis: Infants with low lesions usually have an excel-
lent prognosis for normal bowel function. Infants with high 
lesions may require colostomy initially with later reconstruc-
tive surgery. Those with high lesions typically have more diffi-
culty with bowel continence. Chronic constipation and soiling 
are frequent complications after repair of anorectal malfor-
mations, but these problems tend to improve over time and 
with specific (sometimes intensive) management regimens.9,10 
Sacral malformations are often accompanied by abnormalities 

Fig. 28.1.4 Schematic of intermediate rectoanal atresias. A: Without fistula. B: With rectovaginal fistula. C: With rectovaginal fistula at the vaginal outlet.

Fig. 28.1.5 Mucous fistulogram performed after double barrel colostomy 
demonstrates contrast placed into distal colon communicating with urethra 
(recto–urethral fistula). R, rectum; B, bladder; U, urethra.

Fig. 28.1.6 Sonogram in which transducer is placed on perineum of patient with 
imperforate anus. The measurement between the electronic cursors (+) depicts 
the level of the imperforate anus relative to the skin surface. Straight arrow, 
urinary bladder; curved arrows, meconium-filled rectum.

Fig. 28.1.3 Schematic of low rectoanal atresias. A: Anal stenosis with normally placed anus. B: Anal membrane. C: Cloacal defects with urethra, vagina, and rectum 
having a common opening. D: Rectoperineal fistula with anal pit posterior to the fistula.
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of the levator ani and its nerve supply, leading to incontinence. 
The mortality rate is approximately 20 percent based on sev-
eral large studies; however, most deaths are attributed to the 
other accompanying anomalies.10,11
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28.2 Rectal duPlIcatIOn

Definition: Double termination of the alimentary tract, often with a fistula to the rectum, bladder, vagina, or perineum.

ICD9/ICD10: 751.5/Q43.4 Syndrome Associations (Appendix)
Caudal regression
Currarino (HLXB9)
Incomplete twinning

Birth prevalence: 1/100,000

Associated anomalies: duplication and other anomalies 
of genitourinary system, duplication of distal neural tube

Laboratory studies: radiographs, ultrasonography

Prenatal diagnosis: ultrasonography will detect some cases

Cause: unknown

Rectal duplication may be diagnosed in the newborn period, 
particularly if there is a visible perineal fistula or anal steno-
sis. However, some cases are not detected until adulthood. 
Duplications are typically retrorectal, but can rarely be anterior 
to the rectum. Typically there is no communication with the 
rectum. Most rectal duplications demonstrate three character-
istics:  (1) contiguity with adherence to a part of the alimen-
tary tract; (2) a smooth muscle coat; and (3) a mucosal lining 
consisting of one or more types of cells normally observed in 
the alimentary tract.1 Presenting signs of duplication include 
obstruction or prolapse caused by the rectal mass, constipa-
tion, tenesmus, urinary retention, infection, and carcinoma-
tous degeneration. Heterotopic gastric mucosa may result in 
rectal bleeding. Fecal material may be extruded from a fistu-
lous tract opening into the vagina, urethra, or perineum (Fig. 
28.2.1). Misdiagnosis of hemorrhoids or perirectal abscess is 
common. The differential diagnosis of a mass in the presacral 
coccygeal space includes neurofibroma, dermoid cyst, rectal 
leiomyosarcoma, osteogenic sarcoma, cloacogenic carcinoma, 
sacrococcygeal teratoma, and anterior meningocele.2 The diag-
nosis of rectal duplication is usually made by a combination 
of rectal examination, ultrasound, computed tomography, 
radiograms, or magnetic resonance imaging, but sometimes 
may only be identified correctly at the time of surgery. Some 
instances of rectal duplication are accompanied by duplication 
of the genitourinary system and distal neural tube, which may 
represent incomplete twinning.

Gastrointestinal duplications are estimated to have a prev-
alence of approximately 1 in 4,500 births. Approximately 2 to 
7  percent of gastrointestinal duplications are rectal duplica-
tions.3 Rectal duplication occurs in both sexes but has been 
suggested to be more common in females.4

Treatment: The treatment of rectal duplication is surgical exci-
sion.5 Usually only the mucosal lining needs to be removed, since 
the duplication and the normal rectum often share the muscula-
ris layer. If malignant degeneration is suspected, excision of the 

Fig. 28.2.1 Left: Schematic of sagittal section through a rectal duplication shows 
its anatomic relation to other structures in the pelvis. Right: Sagittal section 
through a rectal duplication with fistula to the perianal skin in the posterior 
midline. (Adapted from LaQuaglia et al.6)
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normal rectum may also be necessary.6 Surgical treatment for 
other organ duplications and fistulas may be necessary.

Prognosis: With surgical correction the outcome is typically 
favorable.
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29 | LIVER, GALL BLADDER, AND PANCREAS

IAN D. KRANTZ AND KOSUKE IZUMI

inTrOdUcTiOn

A N AT O M I C A L  E M B RY O L O G Y

The liver, gall bladder, and pancreas are derived from fore-
gut endoderm that proliferates in response to signals from 
the surrounding splanchnic mesoderm, an example of an 
epithelial-mesenchymal interaction. With respect to liver 
development, the entire foregut has the capacity to differenti-
ate into this tissue. However, inhibitory signals from neighbor-
ing structures such as the notochord and neural tube, together 
with stimulatory signals from heart and diaphragmatic meso-
derm, specify the liver-forming region. In this manner the 
liver bud (hepatic diverticulum) forms in the middle of the 
third week and grows into the surrounding mesoderm. As 
the bud grows, it penetrates mesoderm forming the central 
tendon of the diaphragm, the septum transversum, and this 
mesoderm provides connective tissue for the liver. Liver cells 
themselves are derived from foregut endoderm, and the orig-
inal bud also forms the bile duct. The bud also gives rise to 
the gall bladder and cystic duct. From the second to seventh 
months of gestation the liver is the major hematopoietic organ 
for the fetus. Hematopoietic stem cells arise from mesoderm 
surrounding the aorta near the mesonephric kidney, an area 
called the aorta-gonad-mesonephros (AGM) region, and colo-
nize the liver. Later in the seventh month, stem cells from the 
liver colonize the bone marrow.

The pancreas develops from two buds appearing in the 
fifth week: a dorsal bud that grows into the dorsal mesentery, 
suspending the foregut from the posterior body wall, and a 
ventral bud that arises close to the origin of the bile duct. With 
rotation of the duodenum and differential growth in its walls, 
the ventral bud moves to a position immediately ventral and 
posterior to the dorsal bud. By the seventh week, fusion occurs 
between the tissues and ducts of the two buds. Thus, the ven-
tral bud forms the uncinate process and part of the head of the 
pancreas, while the dorsal bud forms the remainder of the head 
plus the body and tail. The main pancreatic duct (of Wirsung) 
is derived from fusion between the duct of the ventral bud 
and the distal portion of the dorsal bud. The proximal por-
tion of the dorsal bud normally degenerates, but in 10 percent 
of individuals it may persist as the accessory pancreatic duct 

(of Santorini). Entrance of the main duct into the duodenum 
occurs at the major papilla; that of the accessory duct (if pres-
ent) is at the minor papilla. Parenchymal cells for the gland dif-
ferentiate from foregut endoderm, as do islet (of Langerhans) 
cells that initiate insulin secretion in the fifth month. As with 
other glands derived from gut endoderm, connective tissue is 
contributed by the surrounding mesenchyme.

M O L E C U L A R  E M B RY O L O G Y

Expression of FGFs in the cardiac mesoderm induces hepatic 
cell fate in the foregut endoderm. Gata4 expression induces 
Bmp4 in mesenchyme of the septum transversum that sur-
rounds the liver bud. GATA4, FOXA, and HNF1B are required 
for hepatic progenitor cell differentiation, as indicated by 
the expression of albumin. The transcription factors HHEX, 
HNF6, and ONECUT2 drive expansion of the liver bud and 
hepatoblast migration.1 These processes are further regu-
lated by PROX1 and TBX3, which mediate migration, and 
WNT signaling through CTNNB1, which is critical for sub-
sequent proliferation. Hepatocyte maturation is guided by a 
complex interaction of numerous signaling factors, including 
the transcription factors HNF1A, HNF1B, FOXA2, HNF4A, 
ONECUT1, and NR5A2.2 Formation of the buds that give rise 
to the extrahepatic biliary duct from the ventral endoderm is 
regulated by the expression of Pdx1, Sox17, and Hes1.2

In a single domain of the dorsal endoderm Shh expression 
is repressed by signals from the notochord. This repression is 
permissive for the expression of Pdx1, a transcription factor 
which marks pancreatic and duodenal progenitor cells. Hnf6 
is expressed just prior to, and appears to promote the expres-
sion of, Pdx1 in the foregut/midgut endoderm. Ptf1a is sub-
sequently and specifically expressed in the pancreas and is 
necessary for development of the exocrine compartment.3
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29.1 anOmaLies Of Liver sHaPe and LOBaTiOn

Definition: Variations in the size, shape, and location of the liver as a whole or of a lobe of the liver. Small masses of liver may 
also be found separated entirely from the major portion of the liver.

ICD9/ICD10: 751.69/Q44.7

Birth prevalence: hypoplastic—rare, accessory lobe—rare, 
shape variation—common

Syndrome Associations (Appendix)
None

Associated anomalies: agenesis of the gallbladder, partial or 
complete absence of the right hemidiaphragm, choledochal 
cyst, intestinal malrotation, laterality abnormality

Laboratory studies: ultrasonography, MRI, radiographs

Prenatal diagnosis: ultrasonography

Cause: Unknown

Although many references describe normal liver morphology 
by dividing the organ into four or five lobes, others have pointed 
out that this division is arbitrary and not anatomically meaning-
ful.1,2 Functionally, the liver is made up of thousands of minute 
lobules, the organization of which is related to the underlying 
developmental pattern of bile ducts and vascular supply. On the 
basis of this intrahepatic architecture, the liver may be divided 
into right and left lobes, demarcated by the falciform ligament 
anteriorly and by the vena cava posteriorly.2 Based on this intra-
hepatic biliary and vascular anatomy, the left lobe appears to 
have medial and lateral functional segments, and the right lobe 
to have anterior and posterior ones. Knowledge of this segmental 
anatomy is of importance to surgeons operating in this region. 
The quadrate and caudate “lobes” are anterior and posterior 
regions, medially located on the ventral surface of the right lobe, 
that are described for convenience but that do not correspond 
to true anatomic lobation. These areas tend to be extremely vari-
able in size and shape. Other mammals have more distinct liver 
lobation, with connective tissue clearly separating the organ into 
discrete lobes.1 Occasionally a human specimen may be simi-
larly configured, and it has been suggested that some accessory 
lobes may be related to an atavistic retention of such a connec-
tive tissue septum.3 Evaluation of the liver by plain radiography 
is extremely difficult, and controversies about interpretation still 
exist.4 Anomalous variation in hepatic structure and shape can 
usually be diagnosed by noninvasive techniques.5 Hepatobiliary 
radionuclide imaging is commonly performed to study hepatic 
anatomy and physiology and is helpful in identifying liver 
symmetry and shape.6 Ultrasonography is especially useful in 
screening for biliary tract disease. Computed tomography (CT) 
and magnetic resonance imaging (MRI) can aid in differentiat-
ing between a benign variation in liver structure and an anom-
alous shape or size due to intrahepatic tumor. Laparoscopic 
examinations have identified structural anomalies of the liver 
that have been missed by other imaging techniques but are usu-
ally not indicated, as most of the anomalies described in these 
studies were incidental findings during laparoscopic examina-
tion for other indications.7,8

Gross structural anomalies and variants of the liver include 
hypoplasia or absence of lobes, anomalous lobation, and acces-
sory lobes or ectopic liver tissue. Mild to moderate variation 
of normal hepatic shape and size is common (Fig. 29.1.1), 
whereas more significant structural anomalies, manifested by 
true accessory lobes or marked hypoplasia or hyperplasia of 
hepatic tissue, are relatively rare.9,10 Unusually large lobes may 
present as abdominal masses and cause unnecessary surgery 
if the structural variant is not diagnosed.11,12 The left lobe is 
especially variable in size and shape. Secondary atrophy of the 
left lobe may be associated with chronic liver disease due to 
vascular, nutritional, and toxic factors.13,14

Total absence of the liver is a lethal malformation. It occurs 
with absence of other abdominal organs in the acardiac or 
amorphous twin disruption sequence due to an artery-to- 
artery placental shunt (twin reversed-arterial-perfusion or 
TRAP sequence).15 Warkany cites only one case report of agen-
esis of the liver with the intestinal tract present.16

H Y P O P L A S I A  O R  A B S E N C E  
O F   T H E  L E F T  L O B E  O F   T H E   L I V E R

Absence or hypoplasia of the left lobe of the liver is a rare 
finding that is frequently asymptomatic and often found inci-
dentally at autopsy.4,10,17-22 The diagnostic importance of left 
lobe absence is that it may suggest cirrhosis associated with 
a shrunken liver if the stomach and duodenum are displaced 
upward and to the right. The diagnosis may be made by a 
combination of radiographic techniques, including an upper 
gastrointestinal series with barium contrast, CT, 99mTc-sulfur 
colloid scintigraphy, and ultrasonography. The gallbladder 
fossa lies in the main lobar fissure between the right and left 
lobes. The falciform ligament, with the ligamentum teres in 
its free edge, is located in the intersegmental fissure of the left 
lobe. Absence of the left lobe may be suggested by a U-shaped 
folding of the stomach with a high position of the duodenal 
bulb as seen on an “upper GI” radiographic series. Absence 
of liver tissue to the left of the gallbladder fossa is considered 
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diagnostic of absence of the left lobe of the liver, and failure to 
visualize the falciform ligament or ligamentum teres on sonog-
raphy is supporting evidence. The right lobe may be of normal 
size or enlarged, its edge palpable in the right lower abdominal 
quadrant.

H Y P O P L A S I A  O R  A B S E N C E  O F   T H E 
R I G H T  L O B E  O F   T H E   L I V E R

Absence of the right lobe has been found in asymptomatic 
individuals and in patients with symptoms of hepatobiliary 

tract disease.10,14,23,24 Significant hypoplasia or absence of the 
right lobe associated with malposition of the gallbladder may 
cause compression of the cystic duct with subsequent cholecys-
tolithiasis and choledocholithiasis. Radiographic techniques 
helpful in diagnosis include CT, ultrasonography, scintigra-
phy, and cholangiography. The caudate “lobe,” when present, 
and the medial and lateral segments of the left lobe may be of 
normal size but usually undergo moderate to massive compen-
satory hypertrophy. The gallbladder has a suprahepatic posi-
tion, below the posterior portion of the right hemidiaphragm 
and behind the medial segment of the left lobe. To interpret 
hepatobiliary scintigrams correctly, right lateral views must be 
obtained. The hepatic flexure of the colon may also be seen 
positioned just below the posterolateral aspect of the right 
hemidiaphragm, lateral to the gallbladder. Associated malfor-
mations have included agenesis of the gallbladder, partial or 
complete absence of the right hemidiaphragm, choledochal 
cyst, and intestinal malrotation.

A N O M A L O U S  L O B AT I O N

Variation in the size and shape of the liver is common (Fig. 
29.1.1).4,9,11,12,25-27 Hypertrophied lobes may cause displacement 
of adjacent organs and appear to be abdominal or intratho-
racic masses or enlarged, mobile kidneys. One of these, the 
so-called Riedel lobe is a long, tongue-like downward exten-
sion of the right lobe (Fig. 29.1.1). It is frequently firm and 
nontender, extending to the level of the umbilicus or below 
and moving with respiration. Similar extensions of the left lobe 
have been reported. Such extensions of normal anatomic lobes 
are sometimes referred to as sessile “accessory lobes” when 
the degree of enlargement is dramatic. One reported patient, a 
woman with “Turner’s syndrome” (not described further) and 
“severe oligophrenia” had intermittent hyperbilirubinemia and 
elevated serum enzymes over a period of 20 years.28 When a 
mass was palpated in the right lower quadrant of the abdo-
men, a malignant ovarian tumor with liver metastases was sus-
pected because of abnormal serum enzymes and liver function 
tests. Ultrasound and 99mTc-stannous colloid liver scintigraphy 
showed absence of the left lobe, a small right lobe, and a very 
large, pedunculated, tongue-like accessory lobe of the liver 
extending from the anterior lower part of the right lobe to the 
iliac region. This accessory lobe was very mobile, moving as far 
as the left lower quadrant.

Anomalous or symmetric lobation of the liver is seen in 
those disorders with defects in the determination of lateral-
ity (referred to in the literature as Ivemark syndrome, asple-
nia syndrome, polyasplenia syndrome, situs ambiguus, partial 
situs inversus, heterotaxy, heterotaxia, and laterality or isomer-
ism sequence).29,30 The liver may be symmetric, with the edge 
palpable across the entire upper abdomen, or inverted with 
the left lobe larger than the right. Such a liver configuration 
should lead one to suspect situs ambiguus with heterotaxia 
and possibly other anomalies in patients with signs of con-
genital heart disease. The liver is a relatively malleable organ, 
and some anomalous lobation may be acquired. The so-called 
corset liver appears to have an extra lobe or lobes, because a 
deep horizontal furrow runs across the anterior surface.31 This 

Fig. 29.1.1 Variations in normal liver configuration. A: Typical triangular-shaped 
liver, found in 41% of persons. B: Triangular with concave inferior border, 
found in 6%. C: Triangular with definite indentation or notch in the region 
of the porta hepatis at the midpoint of the inferior border of the liver, found 
in 15%. D: Square liver, caused by a relatively large left lobe, found in 12%. 
E: Configuration called en chapeau des gendarme (French for policeman’s hat) 
that is associated with a high diaphragm, found in 14%. F: Globular shape, 
caused by a small left lobe in combination with absence of the inferior tip 
of the right lobe, found in 3%. G: “Horn” shape with concave right lateral 
border due to impression of rib cage may be seen in individuals with short 
trunks or obesity. H: Downward extension of the right lobe, sometimes called 
Riedel’s lobe, found in 4%. I: Referred to as a superior accessory lobe by 
McAffee et al.9 and usually associated with localized eventration of the right 
hemidiaphragm. J: Configuration with a notch in the lower tip of the right 
lobe, found in l–2% and associated with a high position of the colonic hepatic 
flexure. K: Indentation of the inferior margin by the right kidney (stippled). 
L: Altered configuration of the entire right lateral margin of the liver caused 
by interposition of the right colon (stippled) between the liver and the lateral 
abdominal wall. (Reprinted with permission from McAffee et al.9, copyright 
1965, American Medical Association.)
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is thought to be acquired, because it is not seen in children but 
is usually found in an adult who has either a history of wearing 
tight-fitting clothing or a restrictive skeletal deformity.

A C C E S S O RY  L O B E S  A N D 
E C T O P I C   T I S S U E

Aberrant, supernumerary, or ectopic lobes are pediculated pro-
jections, usually from the ventral surface of the liver near the 
gallbladder, that contain hepatic tissue with normal structure 
but variable function.1,2,10,16,28,32-37 A classification of accessory 
liver lobes has been proposed based on the drainage of bile and 
on the presence of a common capsule: Type I refers to a sepa-
rate accessory lobe whose duct drains into an intrahepatic bile 
duct of the normal liver; Type II to a separate accessory lobe 
whose duct drains into an extrahepatic bile duct of the normal 
liver; and Type III where the accessory lobe is incorporated in a 
common capsule with the normal liver and the bile drains into 
an extrahepatic duct.37 Occasionally they are discrete masses 
of hepatic tissue located elsewhere, especially in the gastrohe-
patic ligament, connected to the liver by a band of tissue that 
may contain blood vessels and bile ducts. In the newborn they 
may be found in an omphalocele or in the thorax, protruding 
through a diaphragmatic hernia. The most common site for 
supradiaphragmatic lobes is in the right costophrenic region. 
Accessory liver lobes may be asymptomatic and found inci-
dentally on radiography or at autopsy, but some are discov-
ered at surgery for acute abdominal symptoms. A  tumor or 
cyst may be suspected. The symptoms caused by the accessory 
lobe are usually due either to torsion of the lobe or to intestinal 
obstruction caused by the lobe or its mesentery. Accessory or 
ectopic hepatic tissue may also be the site of tumor metastasis. 
One reported example is that of metastatic tumor in an acces-
sory liver located in the gastrosplenic ligament.38 Ectopic liver 
tissue has been found in the abdominal cavity, in the thorax, 
in omphaloceles, and on the gallbladder. In several cases, the 
ectopic liver has had pathologic changes similar to those found 
in the main body of the liver.20 A nine-day-old baby girl was 
described with vomiting due to an external mass that con-
nected with and obstructed the third portion of the duode-
num.39 The mass was a multiloculated cyst that contained two 
nodules of mature pancreatic and liver tissue.

Another patient, a newborn boy with Beckwith syndrome, 
had symptoms from torsion of a gallbladder that was imbed-
ded in an accessory lobe of the liver.35 This lobe was adher-
ent to an omphalocele sac and attached to the main body of 
the liver by a narrow mesentery. A supernumerary lobe of the 
liver has been observed in a patient with gallbladder aplasia 
(Entry 29.4).40

M A L P O S I T I O N

Malposition is usually due to diaphragmatic hernia. 
99mTc-hepatic scintigraphy is especially useful in determining 
the location of the diaphragmatic defect in addition to delin-
eating the size and shape of the liver.41

Some variations in lobation may represent an emergence 
of a more distinctive pattern of lobation that is seen normally 

in other animals, including the pig, dog, and camel.1,3 On the 
other hand, there is evidence to suggest that in some cases, 
such variants result from deformation and/or disruption 
sequences.19

Ectopic location of liver tissue that is unattached to the 
main organ may represent an accessory lobe that appears 
detached as a result of atrophy of the original pedicle.3

In the nine-day-old infant described above who presented 
with vomiting, the primary malformation may have been a 
duplication of the ventral portion of the hepatopancreatic 
bud.39 This was suggested by the presence of both hepatic 
and pancreatic tissue along with a duct draining into the 
duodenum.

Warkany describes experiments that produced abnormal 
hepatic lobation in rats due to diaphragmatic hernia caused by 
maternal vitamin A deficiency.16 This anomaly usually occurs 
on the right side and is very rare on the left. Gross anomalies of 
liver lobation are also produced in animals with omphaloceles 
caused by prenatal treatment with salicylates, streptonigrin, 
and other agents. Developmental anomalies of the liver seem 
to be rare in the rat, but spontaneously occurring accessory 
supradiaphragmatic lobes have been observed in both the BB 
Wistar strain and a Gunn-derived strain.42

Absence of the left lobe was observed in one of 19,000 
autopsies by Merrill, who commented that only one other case 
had been reported prior to 1946.17 Aplasia or hypoplasia of the 
left lobe of the liver has been proposed to result from dysgen-
esis of the hepatic primordium during development, anomaly 
of the umbilical vein, insufficient growth or thromboembolism 
of the left branch of the portal vein, or positional anomalies 
of other organs.22 Absence of the right lobe also occurs rarely, 
having been reported in approximately 30 cases by 1987.14 
There is a slight male preponderance that may not be statisti-
cally significant.

In a 1989 review, Fogh et al. found less than 40 reported 
cases of accessory liver lobes found incidentally at autopsy and 
11 cases diagnosed in living patients.28 In a series of 35,000 
postmortem studies in domestic fowl, one instance of an acces-
sory hepatic lobe was observed.43

Accessory pedunculated lobes seem to be found almost 
exclusively in adult women and are usually associated with 
absence or hypoplasia of the left lobe of the liver.3,28,34 One 
reported case in the pediatric age group was a 15-year-old 
Japanese girl with hyperthyroidism.36 Her severe right upper 
quadrant abdominal pain with guarding and vomiting was due 
to acute necrosis of an olive-sized mass of liver attached to the 
inferior surface of the left lobe by a narrow fibrous stalk. It is 
not clear whether a causal association between hyperthyroid-
ism and symptomatic accessory lobe exists.

There is no good evidence that anomalies of liver structure 
as described in this entry have a particular association with 
any malformation syndrome. Abnormal lobation of the liver 
has been observed occasionally in patients with trisomy 18 and 
trisomy 13.44 The woman discussed above as having “Turner’s 
syndrome” and a long pedunculated lobe was not described 
further. Severe intellectual disability, as described in this 
patient, is not a feature of typical Turner syndrome. It is not 
clear that she actually had Turner syndrome, but she may have 
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had another syndrome with short stature, dysmorphism, and 
intellectual disability.

In disorders with defects in the determination of later-
ality where anomalies in the lobation of the liver have been 
described, mutations in several genes have been found to be 
associated including ZIC3, NODAL, ACVR2B, EBAF (also 
known as LEFTYA), CFC1, and DNAH11. When the inv gene 
is disrupted in the mouse lateralization defects, biliary atre-
sia and other anomalies are seen; however, mutations in the 
human ortholog have not been associated with similar defects, 
with the exception of one family in which a heterozygous 
splice site mutation was identified but found to be present in all 
members of the family (affected and unaffected).45 The authors 
of this paper suggested that oligogeneic inheritance may be an 
explanation or a randomization of the laterality defect.

Treatment: Absence of the left hepatic lobe may present 
with abdominal distress due to volvulus of the stomach. This 
appears to be related to increased mobility of the stomach 
associated with absence of the left lobe.18 Surgical correction of 
the volvulus is indicated in such cases.

Prognosis: Absence of the right lobe is more often symp-
tomatic than is absence of the left lobe. Patients present with 
symptoms of biliary colic and/or portal hypertension with 
hematemesis, hypersplenism, and esophageal varices. Portal 
hypertension is seen only in those patients who do not have 
compensatory hypertrophy of the left lobe, suggesting a mech-
anism related to an overall reduction in the size of the intrahe-
patic vascular bed.12

Eight of the 10 original patients described by Riedel had 
cholecystitis in addition to a tongue-like extension of the 
right lobe down to the level of the umbilicus.46 Subsequent 
series have not confirmed this high incidence of cholecys-
titis, and most individuals with a “Riedel lobe” are probably 
asymptomatic.24

Torsion of an accessory lobe should be considered in any 
individual with a history of an abdominal wall defect who 
presents with abdominal pain or shock. It has been suggested 
that removal of known accessory lobes should be considered 
because of the risk for torsion.37 The patient with “Turner’s syn-
drome” and “oligophrenia” mentioned previously did not have 
surgery but remained well with continued elevation of biliru-
bin and serum enzymes, findings presumably caused by inter-
mittent obstruction of her large, highly mobile, tongue-like, 
pedunculated accessory liver lobe.25 Other patients with simi-
lar large lobes have presented with abdominal crisis due to tor-
sion of the pedunculated lobe or intestinal obstruction caused 
by the lobe. Ectopic liver tissue on the gallbladder has been 
noted to develop cirrhosis.28
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29.2 Liver dYsPLasia/dUcTaL PLaTe maLfOrmaTiOns

(Fibrocystic Cholangiopathy)

Definition: A complex group of disorders, also known as the fibrocystic cholangiopathies, with disorganization of liver tissue 
including dilation of the intrahepatic bile ducts (Caroli disease), congenital hepatic fibrosis, and polycystic liver disease.

ICD9/ICD10: 751.60, 751.69/Q44.7 Syndrome Associations (Appendix)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
COACH (CC2D2A, TMEM67, RPGRIP1L)
Cranioectodermal dysplasia (IFT43)
Cumming dysplasia
Ellis-van Creveld (EVC, EVC2)
Glutaric academia II (ETFA, ETFB, ETFDH)
Golston
Hardikar
Juvenile nephronophthisis
Meckel (MKS1)
Polycystic kidney disease, autosomal recessive and 
autosomal dominant (FCYT, PKD1, PKD2)
Renal-hepatic-pancreatic dysplasia
Senior-Løken
Short-rib thoracic dysplasia with or without polydactyly
Tuberous sclerosis (TSC1, TSC2)
Zellweger (PEX, multiple)
Trisomy 9
Prenatal alcohol exposure

Birth prevalence: unknown

Associated anomalies: skeletal, renal, pancreatic

Laboratory studies: ultrasonography, cholangiography, 
MRI, histology

Prenatal diagnosis: level II ultrasonography is feasible for 
infantile polycystic kidney disease and Meckel syndrome

Cause: lack of remodeling of the ductal plate during 
embryogenesis

Recently this group of disorders was found to be etiologically 
related as a result of lack of remodeling of the ductal plate that, 
in turn, results in the persistence of embryonic bile duct struc-
tures. This group of disorders is now termed the ductal plate 
malformation (DPM) disorders.1,2 Cystic dysplasia of the liver 
may occur with or without renal and pancreatic involvement. 
Related anomalies are discussed in Entries 29.3 (intrahepatic 
biliary duct atresia and hypoplasia) and 29.6 (cysts of the 
gallbladder).

The nosology of the hepatic dysplasias is confusing. As 
is true in many areas of medicine, classification schemes can 
be based on anatomic and histologic considerations, inferred 
mechanisms of cause or pathogenesis, inheritance patterns, 
association with other abnormalities, or any combination 
thereof. Considerable overlap occurs among the various forms 
of hepatic dysplasia. Renal cystic dysplasia frequently coexists 

with hepatic cystic dysplasia, and patients may present with 
primary symptoms of either liver disease or renal disease. An 
overview of the hepatic dysplasias and their special relation-
ships to other malformations and syndromes is given in this 
entry. The basic underlying lesion in all forms of intrahepatic 
biliary cystic disease is the DPM. As DPMs can affect any and 
all levels of the intrahepatic biliary tree, a wide range of clini-
cal entities and presentations have been described depending 
on which segment of the biliary tree is involved (Fig. 29.2.1). 
Congenital hepatic fibrosis (CHF), a progressive destruc-
tion of the immature intrahepatic bile ducts by a nonspecific 
inflammatory process, is an associated finding in some of these 
disorders.1

Intrahepatic biliary cystic dysplasia can present with 
symptoms at any age. Caroli described congenital, nonob-
structive dilation of the segmental intrahepatic bile ducts 
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associated with recurrent cholangitis and lithiasis.3 The liver 
is usually only moderately enlarged due to segmental saccular 
ectasia of the intrahepatic ducts (Fig. 29.2.2). Large cysts may 
also occur. When primary cystic ectasias of the larger intra-
hepatic bile ducts become symptomatic, the manifestations 
are those of cholangitis, cholestasis, and lithiasis. Patients may 
have abdominal pain, fever, jaundice, and pruritus. Progressive 
liver disease can eventually lead to cirrhosis, although this is 
not the presenting manifestation. Such a pathologic pattern 
occurs rarely in the absence of other abnormalities. Bernstein 
suggests that the term Caroli disease be reserved for these rare 
instances of isolated nonobstructive bilary ectasia and cyst 
formation unassociated with dysplastic changes in the liver, 
kidney, or other organs.4 Others, however, commonly use the 
term to refer to the characteristic histologic pattern when it 
is seen, both with and without other anomalies. Such a cys-
tic dilation of the bile ducts is usually associated with other 
dysplasias such as congenital hepatic fibrosis and cystic renal 
disease, as was true of the patient shown in Fig. 29.2.3. Caroli 
differentiated between two types of segmental dilation of the 
intrahepatic bile ducts.3 His “simple” type is characterized by 
fever, inspissated bile, cholangitis, and pain associated with 
lithiasis, but not with periportal fibrosis, cirrhosis, or portal 
hypertension.3,5 The second, more common type involves the 
smaller terminal ducts, is usually seen in children, and is asso-
ciated with congenital hepatic fibrosis, hepatosplenomegaly, 
and portal hypertension with esophageal varices.3,5,6 Symptoms 
of jaundice and cholangitis are typically not present. The com-
bined form of ectasias of the intrahepatic bile ducts in associa-
tion with CHF is now referred to as Caroli syndrome.1 The two 
phenotypes described by Caroli and others represent different 
manifestations in a continuous spectrum of dysplastic disease, 
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Fig. 29.2.1 Schematic of the developing biliary tree. The positioning of the 
different ductal plate disorders indicates the approximate size of the associated 
affected bile ducts. (Adapted from Desmet.1)

Fig. 29.2.2 Radiograph of the liver of a young adult male with 
polycystic liver and kidney disease taken during endoscopic retrograde 
cholangiopancreatography (ERCP) study. Injection of the pancreatic duct 
showed no abnormality. There is filling of the intrahepatic tree, showing 
multiple areas of cystic ectasia and pooling of radiopaque material. This is 
the radiographic appearance that is frequently referred to as Caroli disease. 
(Courtesy of Dr. Matt Mauro, Department of Radiology, University of North 
Carolina Hospitals, Chapel Hill, NC.)

A

B

Fig. 29.2.3 A: Histologically normal developing liver showing a portal space 
with double layer of biliary epithelial cells of the ductal plate with two 
immature bile ducts (arrow heads). At the time of maturity only one bile duct 
will remain in the portal space. B: Abnormal portal space with multiple ductal 
structures that are abnormal in position and shape. Arrowheads indicate 
dilated bile ducts and remnants of early ductal plate that failed to regress. 
(Courtesy of Dr. David Piccoli, Department of Gastroenterology, The Children’s 
Hospital of Philadelphia.)
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likely caused by the extent of involvement of the intrahepatic 
biliary tree. In Caroli disease, DPMs of the larger intrahepatic 
bile ducts likely explain the phenotype while in Caroli syn-
drome, the factors leading to arrest of remodeling of the ductal 
plates not only affect bile duct development early in embryo-
genesis but also affect the development of the more distal ducts 
later, resulting in CHF as well.1

The diagnosis of intrahepatic ductal dilation may be 
assisted by arteriography, endoscopic cholangiopancreatog-
raphy, ultrasound, operative cholangiography, and percutane-
ous transhepatic cholangiography.3,7 Diagnosis is confirmed by 
biopsy; a specimen may need to be obtained surgically so that 
a large number of portal areas can be examined.8,9

Congenital hepatic fibrosis presents with hepatospleno-
megaly and portal hypertension in childhood.9 It is charac-
terized histologically by portal fibrosis, absence of central 
portal ducts, and fibrous obliteration of portal vasculature. 
Biliary dysgenesis uniformly occurs, characterized by appar-
ent bile duct proliferation due to sac-like, dilated biliary struc-
tures (DPMs).2,8,10,11 These immature bile duct structures are 
destroyed and replaced with increasing periportal fibrosis. The 
rate of this destructive cholangitis is variable, ranging from rap-
idly progressive to a slow chronic process while in some cases 
it ceases completely, accounting for the wide range of clinical 
presentations.1 Relatively large intrahepatic cysts occasionally 
occur. This picture is also referred to as Caroli syndrome by 
some authors, but patients are rarely jaundiced. Liver function 
is usually normal.

The histologic picture of hepatic fibrosis occurs typically in 
patients who present with symptoms due to autosomal reces-
sive “infantile” polycystic kidney disease.12,13 Similar renal and 
hepatic findings are the most consistent features in Meckel 
syndrome.11,14,15 Biliary dysgenesis also has been reported in 
patients with many other genetic syndromes that include renal 
dysplasia, such as Jeune syndrome (asphyxiating thoracic dys-
plasia), chondroectodermal dysplasia (Ellis-van Creveld syn-
drome), the short-rib polydactyly syndromes of Majewski and 
Saldino-Noonan, Elejalde syndrome, trisomy 9, Zellweger 
syndrome, Ivemark renal-hepatic-pancreatic dysplasia, vagi-
nal atresia, tuberous sclerosis, and glutaric aciduria type II.2,10,16 
Esmer et al. described two unrelated children with fibrocystic 
disease of the liver associated with postaxial polydactyly of all 
four limbs and normal fundoscopic exams.17 Stoll and Gasser 
reported male and female siblings with ductal plate malfor-
mations, polysyndactyly, and congenital heart defects born 
to second-cousin parents.18 CHF has also been seen in asso-
ciation with nephronophthisis.19,20,21 Several of these reported 
patients have significant clinical overlap with the Senior-Loken 
syndrome (retinal dysplasia, nephronophthisis, coned epiphy-
ses) and the Mainzer-Saldino syndrome (retinal dysplasia, 
nephronophthisis, coned epiphyses, cerebellar ataxia).

Polycystic liver disease, in which the cysts are not in direct 
continuity with the biliary ducts, is not associated with symp-
toms of cholestasis. It is pathologically distinct from the bili-
ary ectasias (with or without hepatic fibrosis) described above, 
because there are no cysts in the bile ducts. The cysts contain 
mucus instead of bile, and there is no pain or cholangitis.5 
Patients may remain asymptomatic in spite of cysts being 

numerous and large. This is the type of hepatic cystic dis-
ease that is typically associated with the autosomal dominant 
“adult” type of polycystic kidney disease, but patients who have 
both this picture and biliary dysgenesis have been reported.22 
Cerebral aneurysms are also associated when polycystic kid-
ney disease is present. Presymptomatic diagnosis of both the 
hepatic and renal cysts is possible with ultrasonography.

If one separates patients with polycystic kidney disease by 
the severity of their renal involvement, a continuous spectrum 
emerges.12 In this spectrum, the severity and clinical impor-
tance of the hepatic manifestations are inversely proportional 
to the degree and severity of the renal disease. Thus babies 
who die in the newborn period with “infantile polycystic kid-
ney disease” usually have some type of cystic hepatic dyspla-
sia. Death in these patients is from pulmonary insufficiency 
caused by prenatal oliguria and oligohydramnios. At the other 
end of the spectrum are those patients with the mildest degree 
of renal involvement who present in childhood with symptoms 
of portal hypertension due to hepatic fibrosis. In between these 
two extremes are patients who come to medical attention in 
infancy with renal failure and systemic hypertension, with or 
without significant portal hypertension. Some of these patients 
also have pancreatic cystic dysplasia, leading to further noso-
logic confusion. While some authors include patients with 
renal, hepatic, and pancreatic dysplasia in the same category 
with autosomal recessive childhood polycystic kidney disease 
(ARPKD), others point out that the pancreas is usually not 
involved in typical ARPKD (Chapter 30).12

It has been suggested that all cystic malformations involv-
ing the hepatobiliary tree may be etiologically and/or pathoge-
netically related.6 A difference in timing or location of a limited 
number of developmental errors may result in the entire spec-
trum of cystic disease that is observed. Caroli pointed out that 
“there are practically no primary diseases of the intrahepatic 
bile duct system without dilatation of the extrahepatic ducts.”3 
The histologic pattern seen in patients with hepatic fibrosis 
and biliary dysgenesis is frequently interpreted as represent-
ing arrested development of the intrahepatic bile ducts.11 The 
observation that choledochal cyst, Caroli disease, congenital 
hepatic fibrosis, and polycystic disease of the kidney and liver 
have each occurred in association with the others supports the 
hypothesis that these represent a causally or pathogenetically 
related spectrum of developmental anomalies. The histologic 
finding of DPMs in these disorders provides an insight into a 
common pathogenesis of the entities discussed in this chap-
ter, although few genes have been implicated (Fig. 29.2.3). The 
variability of the liver phenotype in these disorders can be 
explained by disruption of the normal processes involved in 
the maturation and differentiation of the ductal plate to form 
functioning intrahepatic bile ducts at discrete points of the 
biliary tree (Fig. 29.2.1).1

The spectrum of hepatic and renal dysplasia described 
appears to be frequently caused by recessively expressed auto-
somal mutations. The data of Blyth and Ockenden supported 
autosomal recessive inheritance in each group of patients with 
childhood polycystic kidney disease.12 Furthermore, the sever-
ity in each family tended to “breed true;” in other words there 
was interfamilial variability but not intrafamilial variability. 
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These observations are consistent with statements made else-
where that Caroli disease seems to affect both sexes equally 
and to be inherited in an autosomal recessive fashion.7 Several 
reports of affected sibs suggest that some cases of the Ivemark 
renal-hepatic-pancreatic dysplasia may also be autosomal 
recessive, even though most cases are sporadic.

Hepatic fibrosis has been observed in several children with 
prenatal alcohol exposure.23 The histologic picture resembles 
that seen in adult alcoholic liver disease, with fat accumulation 
in addition to portal fibrosis and bile duct proliferation.

Polycystic liver disease without biliary tract communi-
cation is believed to arise from von Meyenburg complexes, 
collections of dilated intrahepatic bile ducts embedded in 
a fibrous stroma that are present during early development 
and that persist into fetal and postnatal life (i.e., embryonic 
remnants).24 It has been postulated that these complexes may 
represent partially fibrosing remnants of DPM of the small 
peripheral branches of the intrahepatic biliary tree.1 The cysts 
thus formed enlarge gradually throughout life. Hepatic cysts 
are present in close to 50 percent of patients with adult poly-
cystic kidney disease, and the same proportion of patients 
with polycystic liver disease have polycystic kidney disease. 
Occasional families reported suggest that polycystic liver with-
out polycystic kidneys may be a distinct entity inherited as an 
autosomal dominant condition.25

Treatment and Prognosis: Congenital hepatic fibrosis 
and biliary dysgenesis with localized biliary obstruction is 
frequently complicated by cholangiolitis or suppurative chol-
angitis. Such biliary tract infection may be involved in the 
pathogenesis of the portal and perilobular fibrosis that leads 
to a pattern similar to micronodular cirrhosis. Severe infan-
tile polycystic kidney disease is lethal in the newborn period 
because of pulmonary insufficiency due to prenatal oligohy-
dramnios. Those with less severe forms develop symptoms of 
renal insufficiency, hypertension, and eventually renal failure.

Prenatal diagnosis by level II ultrasonography is feasible 
for infantile polycystic kidney disease (cystic kidneys) and 
Meckel syndrome (polydactyly, encephalocele, cystic kidneys). 
Prenatal diagnostic studies for Meckel syndrome should also 
include maternal serum or amniotic fluid α-fetoprotein assay 
to screen for encephalocele.
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29.3 inTraHePaTic BiLiarY dUcT aTresia and HYPOPLasia

(Intrahepatic Biliary Atresia, Hypoplasia of the Interlobular Ducts, Paucity of the Intrahepatic Bile Ducts, Paucity of the 
Interlobular Bile Ducts, Alagille Syndrome, Watson-Alagille Syndrome, Arteriohepatic Dysplasia)

Definition: Underdevelopment or absence of the lumens of the intrahepatic biliary ducts.

ICD9/ICD10: 751.61/Q44.2 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
Alpha-I-antitrypsin deficiency (SERPINA1)
Cystic fibrosis (CFTR)
Ivemark
Zellweger (PEX genes)
Trisomy 21
Prenatal cytomegalovirus, rubella, hepatitis B, syphilis 
infection

Birth prevalence: unknown

Associated anomalies: ocular, cardiac, vertebral, renal

Laboratory studies: liver enzymes, cholesterol, 
triglycerides, gene sequencing

Prenatal diagnosis: Difficult if there are not other 
associated anomalies
Cause: chromosomal, Mendelian, environmental

Paucity of the intrahepatic bile ducts (PIHBD) has been cat-
egorized as syndromal and nonsyndromal. Alagille syndrome 
is the main type of syndromal PIHBD. Bile duct paucity may 
occur as an isolated disease or be associated with metabolic 
conditions (α-l-antitrypsin, Zellweger syndrome, hypopitu-
itarism, cystic fibrosis, trihydroxycoprostanic acid excess), 
chromosomal disorders (Down syndrome and other chromo-
somal disorders), prenatal and postnatal infections (congeni-
tal cytomegalovirus, congenital rubella, congenital syphilis, 
hepatitis B), and immunologic disorders (graft-versus-host 
disease, chronic hepatic allograft rejection, primary sclerosing 
cholangitis).1

Patients usually present in early infancy with jaundice 
and other manifestations of cholestasis including steatorrhea 
(with fat-soluble vitamin deficiencies), pruritus, xanthomas, 
and elevated levels of blood cholesterol, triglycerides, and liver 
enzymes. Because of the long list of disease entities that pres-
ent with neonatal jaundice, a systematic approach to diagnosis 
is necessary.2

Neonates may have paucity of the bile ducts in livers that 
appear otherwise normal. Many patients, however, present with 
clinical and histologic features of neonatal hepatitis that prog-
ress with subsequent disappearance of both the inflammatory 
picture and the number of interlobular ducts. Occasionally, 
the predominant picture may be periportal inflammation with 
abundant fibrous tissue and atresia of the interlobular ducts 
(Fig. 29.3.1).

Alagille syndrome, also known as Watson-Alagille syn-
drome, arteriohepatic dysplasia, or syndromal paucity of 
the intrahepatic bile ducts (SPIHBD), is characterized by 
chronic cholestasis due to paucity of interlobular bile ducts, 
cardiovascular anomalies (primarily involving the pulmonary 
arteries), vertebral anomalies (butterfly vertebrae), and promi-
nent Schwalbe lines in the eyes (posterior embryotoxon). 
Characteristic craniofacial features include broad or promi-
nent forehead with relatively deep-set eyes, prominent nasal 
tip, and a pointed chin (Fig. 29.3.2). The specificity of the facial 
features and whether they should be included in the diagnostic 

criteria for Alagille syndrome has been questioned.3 Alagille 
et al. have expressed the opinion, however, that patients with 
nonsyndromal PILBD and α-l-antitrypsin deficiency do not 
have the “typical” facies found in syndromal patients, and 
recent studies argue in favor of their specificity.4,5 Individuals 
with Alagille syndrome may also have a variety of structural 
and functional renal abnormalities, pancreatic insufficiency, 
intracranial bleeds, vascular anomalies, short stature, develop-
mental delay, lack of widening of the interpedicular distance 
in the lumbar spine, retinal pigmentary changes, high-pitched 
voice, and delayed puberty. Those individuals with Alagille 
syndrome caused by larger deletions of chromosome 20p12 
may have an expanded phenotype that includes cleft palate, 
intestinal atresias, hearing loss, and cognitive involvement. 
There is great variability in phenotypic expression among indi-
viduals described with this diagnosis both between and within 
families. Severity is variable, with some dying in the first sev-
eral years of life (generally those children with more severe 
cardiac manifestations) and many surviving well into adult-
hood with normal life expectancy.

Alagille et  al. suggested distinguishing between a “com-
plete” syndrome and incomplete forms in which affected indi-
viduals have only two or three extrahepatic anomalies.6 It has 
been well documented that mutations in JAG1, the Alagille 
syndrome disease gene, can cause severe disease with all of 
the features of Alagille syndrome as well as very mild subclini-
cal differences, often even within the same family. Individuals 
with apparent isolated heart defects and mutations in JAG1 
have also been identified.7 There have been reports of clinically 
unaffected parents who were diagnosed with bile duct paucity 
at the time of surgery while serving as living related donors 
for liver transplantation to their severely affected children.8 
Mutations in the NOTCH2 receptor has also been found in a 
small number of patients with Alagille syndrome.9

Another syndrome associated with PILBD has been 
reported by Lambert et  al.10 in four sibs. Variable features 
included cholestatic jaundice, malar hypoplasia, macrosto-
mia, preauricular tags and fistulas, auditory canal atresia, large 
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fontanels, hypospadias, clubfeet, bilateral inguinal hernias, 
moderate intellectual disability, hypotonia, agenesis of the ver-
mis (by ultrasonography), congenital heart disease (ventricu-
lar septal defect), normal karyotype, normal skeletal x-ray, and 
early death in two of the four at ages eight and 26 months.

Bile duct paucity can only be defined histologically. Normal, 
unaffected livers have, on average, one or two bile ducts per 
portal tract, whereas in SPIHBD there is only one duct found 
in every two to four portal areas scanned (Fig. 29.3.1). Bile duct 
paucity is defined by a ratio of ducts to portal tracts less than 
0.9 in patients beyond 37 weeks gestational age. The standard 

number of portal tracts to be evaluated is 20, which requires a 
wedge biopsy be performed, although fewer may be sufficient 
if other features suggesting Alagille syndrome are present.1,11

Cholangiographic evidence of extrahepatic bile duct hypo-
plasia may be seen in SPIHBD.12,13 Hepatobiliary scintigraphy 
may result in findings similar to those seen in extrahepatic bili-
ary atresia.14 A liver biopsy is therefore essential for the correct 
diagnosis of SPIHBD to avoid a misdiagnosis of extrahepatic 
biliary atresia.

It has been suggested that bile duct hypoplasia may be 
acquired and secondary to inflammatory or autoimmune pro-
cesses.13,15,16 This is based on observations that some young 
infants may have cholestasis with portal inflammation or giant 
cell transformation and some paucity but no absence of inter-
lobular ducts, whereas paucity and absence of ducts appear 
later along with persistent cholestasis and portal fibrosis (Fig. 
29.3.1). PIHBD is usually apparent after three months, but 
since the rate of duct disappearance is not uniform, it may not 
be possible to predict accurately the age at which the ducts will 
disappear.13,15 It is important to note that some infants with 
Alagille syndrome may not exhibit bile duct paucity in the 
newborn period, and some may actually have bile duct prolif-
eration, making the timing of the biopsy important for proper 
interpretation.17 Others have failed to confirm a progressive 
obliteration of bile ducts with increasing age.4 In early infancy, 
inflammation and nonspecific proliferation of intrahepatic 
ductules may obscure a developing paucity of the interlobular 
ducts. Inflammation has not been a uniform finding, but most 

A B

Fig. 29.3.1 A: Histologically normal liver showing bile duct (arrow) next to portal vein. B: Liver biopsy material from an 18-month-old patient with paucity of 
intrahepatic bile ducts in the periportal regions, ophthalmologic finding of posterior embryotoxon, and a similarly affected sister. There is no bile duct associated 
with the vein in this portal area. This region also has some fibrosis, while others have inflammatory changes. (Both sections at × 200 magnification. (Courtesy of 
Dr. Dale Ellison, Department of Pathology, University of North Carolina Hospitals, Chapel Hill.)

Fig. 29.3.2 Facial features in Alagille syndrome in a 15-year-old girl. Note the 
broad forehead, deep-set and widely spaced eyes, and pointed chin. The 
constellation of features gives the face an “inverted triangle” appearance.
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cases have not been studied in early infancy. This has led to 
diagnoses of extrahepatic biliary atresia in some patients and 
neonatal hepatitis in others, who also have giant cells present.

The pathogenetic mechanisms involved in producing 
paucity or hypoplasia of the intrahepatic ducts are unknown. 
Some cases may appear to involve a sclerosing process similar 
to (or causally related to) the process implicated in extrahe-
patic biliary atresia.18 It has been suggested that fetal and neo-
natal hepatitis may progress to produce a variety of clinical and 
histologic phenotypes, including intrahepatic and/or extrahe-
patic biliary atresia and/or hypoplasia.16 A hypothesis has been 
proposed that neonatal hepatitis, EHBA, choledochal cysts in 
infants, and possibly some cases of intrahepatic biliary atre-
sia without EHBA are all “ordinary manifestations or permis-
sible outcomes of a single basic disease process called infantile 
obstructive cholangiopathy.”19 Other patients show a morpho-
logical pattern incompatible with the hypothesis of sclerosing 
cholangitis but consistent with an autoimmune process.13

In most nonsyndromal cases, a specific cause is not deter-
mined. In one series, 7/31 (23 percent) of patients with non-
syndromal PILBD had either α-l-antitrypsin deficiency or 
congenital rubella.6 Other viral infections may also be of causal 
importance.4,16

Alagille syndrome, or syndromal paucity of the intrahe-
patic bile ducts, is more common than nonsyndromal paucity 
of the intrahepatic bile ducts.6 The incidence has been esti-
mated at 1/ 100,000 live births when selecting for neonatal 
liver disease; however, given the extent of clinical variability 
of this diagnosis with some individuals presenting with car-
diac disease and not with liver disease, the true incidence is 
unknown and likely higher.20 There does not appear to be 
any obvious geographic or ethnic predominance.4 Alagille 
syndrome is mainly caused by mutations in the JAG1 gene, 
a ligand in the Notch signaling pathway.21 The Notch signal-
ing pathway is an evolutionarily conserved pathway involved 
in cell fate determination in many different tissues. The exact 
role of JAG1 in bile duct development has not been defined. 
Approximately 60 percent of newly diagnosed individuals have 
a de novo mutation in JAG1, with the remainder representing 
familial cases. Mutations are identified in greater than 70 per-
cent of individuals meeting the clinical criteria of Alagille 
syndrome.22 Haploinsufficiency of Jagged1 is an established 
mechanism of pathogenesis as evidenced by the 6 to 7  per-
cent of individuals with Alagille syndrome caused by a large 
deletion of chromosome 20p12 encompassing the entire JAG1 
gene.23 Most mutations identified to date are protein truncat-
ing (deletions, insertions, splice site), although many missense 
mutations have also been described. Several of the missense 
mutations have been shown to be improperly processed and 
do not get appropriately targeted to the cell surface where 
they are biologically active, effectively resulting in haploinsuf-
ficiency as well.24 There have not been any genotype/pheno-
type correlations established; however, a family with a unique 
missense mutation has been described who do not appear to 
have any overt liver involvement.25 Alagille syndrome is also 
caused by dominant mutations in NOTCH2, and the types 
of the mutations identified were mainly missense mutations. 

The clinical phenotype associated with NOTCH2 mutations is 
highly variable, although liver involvement is universal. The 
cardiac involvement and vertebral anomalies in NOTCH2 
mutation–positive individuals appear to be less frequent com-
pared to JAG1 mutation–positive Alagille syndrome patients, 
although there does seem to be an increased prevalence of 
variable renal involvement.9

The observation of parental consanguinity and four 
affected sibs in the family described by Lambert et al. suggests 
that this entity with paucity of interlobular bile ducts is prob-
ably autosomal recessive.10 Other types of “syndromal” PILBD 
have been observed in a few patients with a variety of other 
diagnostic entities, including familial deficiency of cholic acid 
with accumulation of trihydroxycoprostanic acid and fetal 
progesterone exposure. Cholestasis associated with PIHBD 
needs to be distinguished from other intrahepatic causes of 
cholestasis such as Zellweger syndrome and Byler disease.26 
PIHBD has been found in children with Down syndrome, 
Turner syndrome, and trisomy 18, who do not have other 
characteristic features of the Alagille syndrome.12 Intrahepatic 
as well as extrahepatic biliary atresia are reported as infrequent 
findings in the Cat eye syndrome.27

Treatment: Patients with Alagille syndrome present signifi-
cant management challenges. In addition to management of 
concomitant heart defects, aggressive nutritional support and 
management of cholestasis and associated pruritus must be 
undertaken.28 Infants with intrahepatic cholestasis have sig-
nificant fat malabsorption which may require supplementa-
tion with medium-chain triglycerides (absorbed in the absence 
of bile salt micelle formation), with optimization of carbohy-
drate and protein intake to assure adequate caloric intake.1 
Fat-soluble vitamin deficiency is present to a variable degree 
in most patients. Multivitamin preparations may not provide 
the correct ratio of fat-soluble vitamins, and thus vitamins are 
best administered as individual supplements. Administration of 
vitamin A is not generally recommended, as its toxicity is largely 
hepatic. Stimulants of bile flow such as the ursodeoxycholic acid 
has improved the cholestasis, but in many patients the pruritus 
continues unabated. Therapy with antihistamines may provide 
some relief, but many patients require additional therapy with 
agents such as rifampin or naltrexone. Biliary diversion has 
been successful in a limited number of patients.28 Liver trans-
plantation is indicated in those patients with synthetic liver dys-
function, intractable portal hypertension, bone fractures, severe 
pruritus, xanthomata, and growth failure.29 Transplantation 
becomes necessary in 21 percent to 50 percent of patients with 
hepatic manifestations in infancy, with posttransplant survival 
ranging from 79 to 100 percent.30-32 These results indicate that 
individuals with AGS are good candidates for transplantation, 
although morbidity and mortality posttransplant is influenced 
by the degree of cardiopulmonary involvement.

Prognosis: Although sometimes lethal in early childhood, 
SPIHBD frequently runs a long and relatively benign course. 
Cholestasis may be present during infancy but improve with 
increasing age. Most adults have normal serum bilirubin 



L i v e r ,  G a L L  B L a d d e r ,  a n d  Pa n c r e a s  |  765

levels. Although a Kasai type of surgical portoenterostomy is 
not indicated, such a procedure does not seem to have wors-
ened the long-term prognosis of SPIHBD in those who have 
had these operations. There are no distinctive early histologic 
features that will help to predict the development of severe 
hepatic fibrosis or long-term prognosis.
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29.4 aGenesis Of THe GaLLBLadder

(Absence of Gallbladder, Aplasia of Gallbladder)

Definition: Congenital absence of the gallbladder.

ICD9/ICD10: 751.69/Q44.0 Syndrome Associations (Appendix)
Martinez-Frias
Mitchell-Riley (RFX6)
Smith-Lemli-Opitz (DHCR7)
Telecanthus-hypospadias (MID1)
del 4p, del 5p
Trisomy 18
Prenatal thalidomide exposure

Birth prevalence: 1/6,300 to 1/7,500

Associated anomalies: cardiac, gastrointestinal, 
genitourinary, anterior abdominal wall, biliary tract and 
common duct

Laboratory studies: ultrasonography

Prenatal diagnosis: feasible with ultrasonography

Cause: unknown
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Agenesis of the gallbladder may be discovered incidentally at 
autopsy or at surgery for unrelated indications. Sometimes 
gallbladder agenesis is found in patients who undergo laparos-
copy or surgery for symptoms of cholecystitis.1 Absence of the 
gallbladder may also be found as part of a broader pattern of 
malformation in infants and children with multiple congenital 
anomalies.

In their extensive review, Bennion et  al. found that 
one-third of reported cases were asymptomatic, with agenesis 
of the gallbladder found incidentally at autopsy or at laparot-
omy for an unrelated condition.2 The average age at diagnosis 
was 33.3 years, with a range of one day to 84 years.

Fifty-five percent of individuals with absence of the gall-
bladder are symptomatic.2 The mean age in the review by 
Bennion et al. was 46.4 years, with a range of 12 to 79 years.2 
Over 90  percent had right upper quadrant abdominal pain, 
and many presented with other symptoms suggestive of acute 
or chronic cholecystitis including nausea, vomiting, fatty 
food intolerance, bloating, chills, fever, and jaundice. Over 
one-half of the patients had preoperative oral cholecystograms 
or intravenous cholangiograms, and absence of gallbladder 
opacification was consistently interpreted as acute cholecysti-
tis. Ultrasonography also has yielded consistent false-positive 
diagnoses of apparently diseased, contracted, and scarred 
gallbladders suggesting chronic cholecystitis.3 One-third of 
patients undergoing surgery are found to have common duct 
dilation, and 27 percent have stones in the common duct.2

The associated malformations may be etiologically or 
even pathogenically related but do not necessarily constitute 
a well-delineated or diagnosable “syndromes.” A wide variety 
of associated anomalies have been reported in patients with 
gallbladder agenesis. Most common are malformations of 
the heart, gastrointestinal system, genitourinary tract, ante-
rior abdominal wall, and biliary tract, such as biliary atresia 
and absence or atresia of the common duct. Absence of the 
gallbladder may be found in as many as 15 to 20 percent of 
patients with extrahepatic biliary atresia (EHBA).4 Gallbladder 
agenesis may occur in babies with sirenomelia and in patients 
with anomalies in VACTERL association, but the frequencies 
at which gallbladder agenesis occurs with these malformations 
are unknown.5

Gallbladder agenesis can be seen as a part of Mitchell-Riley 
syndrome and Martinez-Frias syndrome. Martinez-Frias syn-
drome is characterized by pancreatic hypoplasia, intestinal 
atresia, gallbladder aplasia, and tracheoesophageal fistula. 
Mitchell-Riley syndrome is characterized by features seen in 
Martinez-Frias syndrome plus neonatal diabetes, but without 
tracheoesophageal fistula.

Most cases of nonsyndromal gallbladder agenesis are spo-
radic. Familial cases have been reported, including at least one 
three-generation family.6-9 In cases of syndromal absence of the 
gallbladder, a diagnosis of a specific malformation syndrome 
is usually not made. In a review of 54 published cases of the 
amniotic band sequence, absence of the gall bladder was noted 
in six cases (11 percent).10 Three chromosomal syndromes are 
listed, trisomy 18 and del 4p because of their relative frequency 
and recognizable phenotypes and del 5q because of its rela-
tionship to Gardner syndrome. Pathogenesis is unknown but 

presumably involves an abnormality in the early development 
of the pars cystica.

In his survey of the records of more than 2,300 pathologists, 
Monroe found 181 cases of gallbladder agenesis in 1,352,000 
autopsies, giving an approximate incidence of 1/7,500 
(0.0133  percent).11 The review of Bennion et  al. brought the 
total number of reported cases to 393.2 Their finding of 287 
reported cases in 1,501,061 autopsies represented a preva-
lence of approximately 1/6,300 live births. In the asymptom-
atic group, the M:F sex ratio was 1.4 while in the symptomatic 
group the ratio was 0.5 (69 men and 139 women), a statistically 
significant difference from the expected ratio.

Some evidence indicates that there may be a gene on 
chromosome 16q related to agenesis of the gallbladder (with 
FOXF1 suggested as a candidate), as duplications of this region 
have been seen in at least one case of syndromal agenesis of the 
gallbladder.12,13

Treatment and Prognosis: After surgical exploration for 
a presumptive diagnosis of cholelithiasis, over 90 percent of 
symptomatic patients are greatly improved or symptom free. 
This is true both for patients who are found to have stones 
and for those without stones. The reason for improvement 
in patients without stones is not known. Patients whose 
symptoms do recur postoperatively may be treated with oral 
smooth muscle relaxants and analgesics, a conservative regi-
men that has proven successful in most patients with biliary 
dyskinesia.

Patients with syndromal gallbladder agenesis frequently 
have severe malformations that result in early death. In the 
Bennion et al. review of 52 affected children, the average sur-
vival was less than six months with a range of one day to six 
years.2
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29.5 eXTraHePaTic BiLiarY aTresia

Definition: The obliteration or discontinuity of the lumen of the extrahepatic biliary tree within the first three months of life, 
resulting from various etiologies including defects in initial development and/or destruction of normally developed ducts by 
progressive inflammation and fibrosis.

ICD9/ICD10: 751.61/Q44.2 Syndrome Associations (Appendix)
Cat eye
Heterotaxy
Kabuki (KMT2D, KDM6A)
Martinez-Frias
Mitchell-Riley (RFX6)
Trisomies 13, 18, 21
dup 1q, 10p, 22

Birth prevalence: 1/8,000 to 1/18,000

Associated anomalies: cardiac, renal, laterality disorder

Laboratory studies: abdominal ultrasonography, 
cholangiography, chromosome analysis, gene sequencing, 
genomic microarray

Prenatal diagnosis: difficult without other associated 
anomalies

Cause: chromosomal, microduplications, Mendelian

Patients present with the characteristic features of conjugated 
hyperbilirubinemia, pale stools, dark urine, and hepatomeg-
aly within the first three months of life.1 Splenomegaly will 
be present in most patients. Approximately 15 to 20 percent 
of infants with biliary atresia will have associated anomalies 
including defects of laterality (situs inversus, bilateral bilobed 
lungs, abdominal situs inversus, intestinal malrotation, anoma-
lies of the portal vein and hepatic artery, polysplenia and asple-
nia), cardiac, and renal defects.2

Rapid diagnosis of extrahepatic biliary atresia (EHBA) is 
necessary to optimize the response to surgery.3 No single bio-
chemical test is specifically diagnostic of EHBA. Abdominal 
ultrasound will identify choledochal cysts or other causes of 
extrahepatic obstruction, an inability to visualize the extrahe-
patic biliary tree, or will demonstrate segments of normal cali-
ber separated by atretic segments. Ultrasound examination may 
be diagnostic if polysplenia is present. 99mTc-labeled diiso-
propyl iminodiacetic acid (DISIDA) scintigraphy evaluation of 

hepatic uptake and biliary secretion into the duodenum can be 
extremely helpful in delineating the anatomy and will rule out 
the diagnosis of EHBA if normal secretion is detected. Other 
modalities such as the identification of bile acids and bilirubin 
in homogenized stool specimens by near infrared reflectance 
spectroscopy (NIRS) has been successfully used for establish-
ing a diagnosis. A percutaneous liver biopsy may be needed, 
showing characteristic bile duct proliferation in association 
with cholestasis and polymorphonuclear exudate, in cases 
where other modalities are not diagnostic. Cholangiography 
(endoscopic retrograde cholangiopancreatography (ERCP) or 
percutaneous gallbladder puncture) may be necessary, as well 
as direct surgical exploration to confirm a diagnosis of EHBA.4 
Because of the many disease entities that present with neonatal 
jaundice, a systematic approach to diagnosis is necessary.5

As many as 15  percent to 20  percent of patients have 
what has been called correctable biliary atresia with patent 
proximal ducts (Fig. 29.5.1A). The remainder of patients have 

A B C

Fig. 29.5.1 Extrahepatic biliary atresia. A: So-called correctable type with patent proximal ducts. B: Noncorrectable type with complete extrahepatic duct atresia. 
C: Noncorrectable type with proximal duct atresia and some patency of distal ducts.
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noncorrectable EHBA with nonpatent proximal ducts, with or 
without patency of some distal ducts (Fig. 29.5.1B and C).

EHBA is not a single disease but rather a phenotypic out-
come of various processes. EHBA occurs with a frequency of 
1/8,000 to 1/18,000 live births, and it accounts for 25 to 30 per-
cent of cases of neonatal cholestasis and 50 to 60 percent of all 
liver transplants in children.5-8 In nonfamilial cases there is no 
clear racial predominance. Overall there is a slight predomi-
nance of females. There is, however, an unexplained excess of 
males in the group of patients who have only patency of the 
distal ducts with nonpatency of proximal ducts (Fig. 29.5.1C).9 
In rarely reported familial cases, there is a predominance of 
males.10

Conflicting views exist concerning the cause and pathogen-
esis of EHBA. Some feel that many cases represent a primary 
developmental anomaly or inborn error of morphogenesis. 
A defect in recanalization after the fifth week could account 
for some cases.11 On the other hand, some patients have his-
tologic features that suggest that the atresia is a secondary 
phenomenon occurring in response to inflammation induced 
by either infectious or toxic environmental agents.12 Fetal and 
neonatal hepatitis may progress to produce a variety of clini-
cal and histologic phenotypes, including intrahepatic and/or 
extrahepatic biliary atresia and/or hypoplasia.13 A hypothesis 
has been proposed that neonatal hepatitis, EHBA, choledochal 
cysts in infants, and possibly some cases of intrahepatic bili-
ary atresia without EHBA are all “ordinary manifestations or 
permissible outcomes of a single basic disease process called 
infantile obstructive cholangiopathy.”14 Animal experiments 
have shown that EHBA can be produced by interruption of 
the vascular supply to the region. EHBA, therefore, probably 
includes a group of disorders that are causally and pathogeni-
cally heterogeneous.

Observation of geographic and temporal clustering of cases 
has led to the conjecture of significant environmental factors.15 
Other investigators have failed to demonstrate any significant 
clustering, supporting the concept that EHBA is pathogeni-
cally heterogeneous.16

In some patients there are strong similarities to the pattern 
of findings seen in neonatal hepatitis. Several viruses, includ-
ing rubella, cytomegalovirus, reovirus type 3, group C rotavi-
rus, and human papilloma virus (HPV), have been implicated 
as primary causative factors, but in most cases a cause and 
effect relationship cannot be established.8 Experimentally, reo-
virus causes a disorder in mice similar to that seen in patients 
who have EHBA associated with inflammatory changes in the 
intrahepatic and extrahepatic ducts. Antibodies to reovirus 
type 3 have been found in the sera of over 50 percent of patients 
with EHBA and neonatal hepatitis, and in a single rhesus mon-
key with EHBA (an extremely uncommon anomaly in that 
species).17,18 RT-PCR of the reovirus L1 gene segments from 
extracts of liver and/or biliary tissues from 23 patients with 
EHBA, nine patients with choledochal cysts, and 33 controls 
with other forms of hepatobiliary disease demonstrated reovir-
ius DNA in 55 percent of patients with EHBA, in 78 percent of 
patients with choledochal cysts, and in 21 percent of controls.19

Discordance for EHBA has been observed in 13 pairs 
of twins (including monozygous, dizygous, and unknown 

zygosity twins).20 This is cited as evidence against both genetic 
and environmental (including infectious) causes but is pur-
ported to be consistent with a hypothesis of vascular insuf-
ficiency as a primary causative factor. Limited studies in 
experimental animals have not produced a satisfactory peri-
natal ischemia model of the human disorder.21,22 An additional 
observation against a vascular etiology is the rarity with which 
EHBA and small bowel atresia are associated.

Rare familial recurrence and twin concordances have been 
reported, supporting an argument for a genetic contribu-
tion.23-26 Additional support for a genetic contribution include 
(1) the finding of biliary atresia in the Inv mouse (mutant for 
the inversin gene, also causing situs inversus), although muta-
tions in this gene have not been identified in humans with 
biliary atresia; and (2) the identification of missense mutations 
in the Alagille syndrome disease gene, JAG1 in 9/102 cases of 
EHBA (no features of Alagille syndrome were identified in 
these individuals).27,28

EHBA may occur in association with a number of other 
anomalies, especially anomalies of the gastrointestinal tract, but 
it is not a prominent or frequent feature of many well-defined 
multiple malformation syndromes. Associated malformations 
are found in approximately 14 percent of patients with EHBA, 
with frequencies in individual series ranging from 12 percent 
to 27  percent.29,30 Cardiovascular malformations were most 
frequently associated in a large Japanese series in which over 
50  percent of patients had some form of congenital heart 
anomaly. Common cardiac anomalies are found most often 
(patent foramen ovale, patent ductus arteriosus, ventricular 
septal defect). Splenic and gastrointestinal anomalies are the 
next most commonly seen types. A strong association is seen 
with anomalies that are part of the situs ambiguus phenotypes, 
including polysplenia, visceral situs inversus, intestinal mal-
rotation, and abnormal lung lobation.31 When patients are 
ascertained by having features of situs ambiguus (the so-called 
polysplenia, asplenia, and polyasplenia syndromes), biliary 
atresia is frequently found to be associated with this pheno-
type. In a review of 251 cases of EHBA, Carmi et  al. found 
other associated anomalies in 51 (20 percent) and suggested a 
classification into three subgroups: Group I with various com-
binations of anomalies falling within the laterality spectrum of 
defects (29 percent of the 51 cases), Group II with one or two 
anomalies primarily involving the cardiac, gastrointestinal, 
and urinary systems (59 percent of the 51 cases), and Group III 
with intestinal malrotation (possibly milder variants of the situs 
Group I patients) (12 percent of the 51 cases).30 The gallbladder 
is absent in 15 percent to 20 percent of patients with EHBA.32 
Renal cystic disease, hypoplasia, and hydronephrosis are also 
reported. An infant with a lethal syndrome of ichthyosis and 
EHBA was described by Gould in 1854.33 The child’s sister had 
also died in infancy with ichthyosis. She was described as being 
hydrocephalic, but there was no mention of jaundice or a post-
mortem examination. No subsequent similar cases have been 
recorded. Three unrelated children with Kabuki syndrome 
with choledochal cysts and EHBA have been reported.34-36 
Annerén et al. described two siblings born to distantly consan-
guineous parents—a boy with PDA, esophageal atresia and fis-
tula, duodenal atresia, malrotation, hypoplastic pancreas and 
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EHBA, and his sister with an ASD, duodenal atresia, malrota-
tion, and EHBA.37 Gentile and Fiorente reported a single child 
born to nonconsanguineous parents with esophageal, duode-
nal, rectoanal, and biliary atresia with an annular pancreas and 
hypospadias.38 An additional family with male and female sib-
lings born to consanguineous parents has been described with 
a similar constellation of findings, with EHBA being reported 
in the female child.39 These entities have been catalogued in 
OMIM as multiple gastrointestinal anomalies. Other syndromal 
diagnoses in which biliary atresia has been reported include 
Cat eye syndrome, Mutchinick syndrome, and the cholestatic 
jaundice and renal tubular insufficiency syndrome.

The finding of associated anomalies not likely caused by 
infection or inflammation also supports the hypothesis of a 
primary developmental anomaly in some patients. The bile 
duct system begins developing during early embryogenesis 
when the first signs of asymmetry and laterality appear. It is 
therefore not surprising that a general disturbance of lateral-
ity determination would also disrupt the coincident develop-
ment of extrahepatic ducts that are growing at the same time 
they are rotating and migrating to a right-sided position. The 
finding of EHBA in patients with chromosome abnormalities 
suggests that the anomaly may be a primary developmental 
malformation in these cases. Stenosis or atresia of the extrahe-
patic bile ducts has been observed in cases of trisomy 13, tri-
somy 18, trisomy 21, dup(10p), dup(1)(q32qter), and dup(22)
(pterq13).40-42 Some cases of trisomy 18, however, also have had 
a picture consistent with neonatal hepatitis.43,44

Treatment: In the group of patients with “correctable” bili-
ary atresia with patent proximal ducts (Fig. 29.5.1A), the mor-
tality is 15  percent despite the fact that uniform success has 
been achieved in establishing bile drainage.9 Lilly points out 
that many patients formerly included in this category may 
actually not have had well-formed, patent proximal ducts and 
that the true incidence of “correctable” lesions may be less than 
5 percent.7

In patients who have so-called noncorrectable forms of 
EHBA with nonpatent proximal ducts, surgical correction is 
usually attempted using the Kasai hepatic portoenterostomy 
procedure in those who do not have other associated malfor-
mations (Fig. 29.5.1B and C).45-49 The success rate is less than 
50  percent, and the reported five-year survival rate of those 
undergoing this procedure is only 20  percent to 50  percent. 
Kasai and colleagues observe that most of their postopera-
tive patients who do survive long term have normal growth 
and development.49 Surgical success appears to be related to 
the size and patency of the ducts at the point of anastomosis. 
Most will develop some degree of cirrhosis, with portal hyper-
tension, ascites, and gastrointestinal hemorrhage (Fig. 29.5.2). 
Supportive treatment includes diuretics and a low sodium 
diet, with medium-chain triglycerides and fat-soluble vita-
mins added. In those who are not treated or in whom surgery 
is not successful, these symptoms develop earlier and survival 
is less than two years. Reoperation may be beneficial for some 
patients who had good bile drainage after the initial procedure, 
but it does not appear to be helpful for those who had a poor 
initial result.50

Prognosis: Biliary atresia is now the most common indi-
cation for liver transplantation in infants and children, and 
although the presence of situs ambiguous may require techni-
cal adjustments, associated anomalies do not preclude trans-
plantation.51 Survival rates after transplantation may be as high 
as 80 percent at one to two years and 60 percent at five years.52 
Aggressive attention to and treatment of cholangitis, growth 
and nutritional problems, osteomalacia, portal hypertension, 
and psychosocial problems are recommended.46
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29.6 cYsTs Of THe BiLiarY sYsTem

Definition: Cystic dilation of the extrahepatic biliary tract, including choledochal cysts and megacystis.

ICD9/ICD10: 576.8/K83.5 Syndrome Associations (Appendix)
None

Birth prevalence: <1/2,000,000

Associated anomalies: other anomalies of the 
hepatopancreatobiliary duct system

Laboratory studies: ultrasonography, cholangiography

Prenatal diagnosis: ultrasonography

Cause: unknown

Choledochal cysts, Caroli disease (intrahepatic dilation of 
major branches of the lobar ducts), congenital hepatic fibro-
sis, and polycystic liver (and kidney) disease have each been 
observed in association with the others, suggesting that all 
cystic malformations of the biliary system may be etiologically 
and/or pathogenically related.1 These entities are discussed 
separately because they may present with somewhat different 
findings and may have different therapeutic implications.

Choledochal Cysts. A classification system is illustrated in 
Figure 29.6.1. Cystic dilation of the common duct may become 
very large. Most commonly there is dilation of the common 
duct itself (type I) or, rarely, dilation in a diverticulum of the 
common duct wall (type 11).2-4 Of cases presenting in child-
hood, over 90 percent have been reported as type I and 75 per-
cent of the remainder as type II.5 The dilated region is usually 
sharply demarcated, and the common duct below the cystic 
area may appear narrowed.6 The intrahepatic tree is usually 
normal, but closer examination may reveal that some type I 

cysts actually have associated intrahepatic or extrahepatic 
cysts. These may then be classified as type IV-A with associ-
ated intrahepatic cysts, and IV-B with associated extrahepatic 
cysts. When a cyst involves only the part of the duct in the 
wall of the duodenum where the common bile duct and pan-
creatic duct empty, it is called a choledochocele or a type III 
cyst. Rarely the cystic duct or the intrahepatic ducts are sig-
nificantly involved or drain directly into the cystic area.7 Single 
or multiple intrahepatic cysts are classified as type V cysts and 
appear to be rare. This category overlaps and blends into Caroli 
disease, a condition characterized by intrahepatic dilation of 
major ducts. (Entry 29.2).

Choledochal cysts may remain asymptomatic throughout 
childhood, but they may be found in young infants or in adults 
with histories of symptoms since childhood. Presenting symp-
toms include biliary colic, jaundice, and a palpable abdominal 
mass in the right upper quadrant. This classic clinical triad is 
only seen in approximately 25  percent of patients.8-11 A  cor-
rect diagnosis is frequently not made until after the first year 

I II III

Fig. 29.6.1 Common types (I, II, and III) of choledochal cysts. Type I is a cystic dilation of the common duct. Type II is a diverticulum in the wall of the common 
duct. Type III is a choledochocele, a cystic dilation of the distal portion of the common duct in the duodenal wall.
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of life, because early symptoms can be mild or intermittent. In 
one large review, 18 percent of cases were diagnosed in infants 
under age one year, and 83  percent were diagnosed by age 
30 years.6 Occasional patients present with symptoms of acute 
pancreatitis.

Preoperative diagnosis may be difficult, but ultrasound is 
especially helpful in diagnosing a choledochal cyst in an infant. 
Hepatobiliary scintigraphy and endoscopic retrograde cholan-
giography may also be very useful. Choledochal cysts usually 
are nonsyndromal (i.e., usually not associated with primary 
malformations of other organ systems), but they may occur 
in association with other anomalies of the hepatopancreato-
biliary duct system, including gallbladder agenesis, double 
gallbladder, accessory or aberrant hepatic ducts, anomalous 
pancreatic duct draining into the cyst, pancreas divisum, par-
allel or unfused right and left hepatic ducts, and common duct 
hypoplasia or atresia.3,7

Megacystis. At least one case of what appeared to be a syn-
dromal cystic gallbladder has been observed.12 A patient with 
imperforate anus had, at the end of the cystic duct, a large mul-
tiloculated cystic mass that extended into the right lobe of the 
liver. No other gallbladder structure was identified.

It is commonly assumed that most choledochal cysts 
are congenital, but it is not clear in most cases whether the 
pathogenetic process is primarily obstruction below the 
cystic area, weakness in the wall of the dilated segment, or 
reflux cholangitis.8,13 Cystic dilation in a diverticulum may be 
the result of a localized area of weakness in the wall of the 
duct.2 One theory implicates unequal proliferation of bile 
duct epithelium at the time of duct recanalization.3,4 As cho-
ledochal cysts are frequently associated with an anomalous 
pancreaticobiliary junction and/or abnormal function of the 
sphincter of Oddi, which may allow pancreatic secretions to 
reflux into the biliary system, it has been postulated that this 
would result in increased pressure within the common bile 
duct and lead to cyst formation.14 RT-PCR of reovirus RNA 
has demonstrated significantly higher prevalence of this virus 
in biliary tissue from individuals with choledochal cysts than 
in controls (78 percent versus 21 percent respectively), sug-
gesting an infectious or autoimmune contribution.15 Familial 
recurrences have been rarely reported indicating a possible 
genetic or environmental predisposition; however, Uchida 
et  al. reported monozygotic twins that were discordant for 
an anomalous pancreaticobiliary junction and choledochal 
cyst.16-18 A hypothesis has been proposed that neonatal hepa-
titis, extrahepatic biliary atresia (EHBA), choledochal cysts in 
infants, and possibly some cases of intrahepatic biliary atresia 
without EHBA are all “ordinary manifestations or permissi-
ble outcomes of a single basic disease process called infantile 
obstructive cholangiopathy.”19

Choledochal cysts occur so rarely that the true incidence 
has not been accurately determined, but it is probably less than 
0.5 X 10-6. They seem to occur more commonly in Asian popu-
lations, for whom the male:female ratio is close to one, than 
in Western cultures for whom the male:female ratio is 0.20 to 
0.25.3,6,10,20

Treatment and Prognosis: Once significant symptoms 
occur, surgery is usually necessary for the choledochal cyst.3 If 
untreated, cirrhosis occurs. Even delayed surgery may be very 
effective.10 Other complications include malignancy, rupture, 
calculi, and rarely portal hypertension and/or hemorrhage. 
Cholangiocarcinoma develops in 4 to 8  percent of patients, 
often after 20 years of age.21,22 Rupture may be caused by minor 
trauma.7 In spite of few abnormalities in liver function, affected 
patients may have mild to severe degrees of hepatic fibrosis. 
Because of the occasional association with other anomalies of 
the biliary tract, as precise an anatomic evaluation as possible 
must be performed prior to surgery. Response to surgery is 
usually very good if done early. If excision of the cyst is not 
possible, a choledochocystojejunostomy may be performed.23
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29.7 sTrUcTUraL variaTiOn Of THe GaLLBLadder  
and eXTraHePaTic dUcTs

(Double Gallbladder, Triple Gallbladder, Septate Gallbladder, Bifid Gallbladder, Bilobed Gallbladder)

Definition: Positional alterations, accessory duct, duplications, and anomalies of the gallbladder and extrahepatic ducts.

ICD9/ICD10: 751.69/Q44.1, Q44.5 Syndrome Associations (Appendix)
None

Birth prevalence: 1/2

Associated anomalies: none

Laboratory studies: cholangiography

Prenatal diagnosis: ultrasonography in some cases

Cause: unknown, normal variant

Variant structure of the gallbladder and extrahepatic biliary 
ducts occurs commonly.1-7 It has been stated that the extrahe-
patic biliary tree has more anomalies than any other area of 
the body. The prevalence of anatomic variation in this region 
is close to 50  percent.6 The significance of this observation 
becomes apparent when one realizes that this is also one of the 
most common areas explored by surgeons. Over one-half mil-
lion cholecystectomies are performed each year in the United 
States, and the presence of anomalies and variant structure 
may be a major causative factor in surgical complications.8 
Hepatobiliary scanning may be helpful in diagnosing some 

variants prior to surgical exploration.9 Many anatomic varia-
tions are asymptomatic and found incidentally at surgery, radi-
ography, or autopsy. Figure 29.7.1 shows the “normal” or usual 
configuration.

Minor anomalies and variants include aberrant (some-
times called accessory) hepatic ducts (Fig. 29.7.2); duplication 
of the common duct; numerous variations in the configuration 
of the hepatic ducts and common duct (Fig. 29.7.3); ectopic 
orifice of the common duct (in the stomach or proximal duo-
denum); asymptomatic absence of the gallbladder (Entry 29.4); 
multiple gallbladders; septation of the gallbladder; congenital 

A B

Fig. 29.7.1 A: Percutaneous cholangiogram demonstrating normal biliary collecting system anatomy. (Radiograph courtesy of Dr. M. Mauro, Department of 
Radiology, University of North Carolina Hospitals, Chapel Hill, NC.) B: Schematic of normal duct system from radiograph. (A, anterior branch of right hepatic duct; 
P, posterior or dorsocaudal branch of right hepatic duct; R, right hepatic duct; L, left hepatic duct; H, common hepatic duct; G, gallbladder; Cy, cystic duct; C, 
common duct.)
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variation in gallbladder shape; ectopic position of the gall-
bladder (left-sided, free floating, retrodisplaced, retroperi-
toneal, transverse, suprahepatic, supradiaphragmatic, in the 
falciform ligament, in the mesocolon, in the abdominal wall); 
and anomalous junction between the cystic and common 
ducts.1-3,10,11 Gallbladder hypoplasia or “microgallbladder” is 
usually seen in association with and presumably secondary to 
cystic fibrosis. Detailed descriptions from surveys and reviews 
of the numerous anatomic variations observed in humans are 
available.6-8,12-15

Anomalies of potential pathologic significance include 
cystic duct draining into the left side of the main duct or, 
rarely, directly into the duodenum; aberrant hepatic duct with 
dorsocaudal branch draining into the common duct, unusu-
ally mobile gallbladder; double common duct; “interposed 
gallbladder” (anomalous insertion of both hepatic ducts into 
the gallbladder with the cystic duct draining into the duode-
num); intrahepatic gallbladder; intrahepatic junction of the 
hepatic ducts; situs inversus; gallbladder agenesis when symp-
tomatic or associated with other anomalies; choledochal cyst; 
and extrahepatic biliary atresia.16-18

Only rarely are true “accessory” ducts present connecting 
the major ducts. Normally there is no intrahepatic interductal 
communication. Anomalous ducts, when present, are usually 
necessary for drainage of the portion of liver to which they 
are connected and therefore should be considered “aberrant” 

A B

Fig. 29.7.3 A: Posterior (dorsocaudal) branch of the right hepatic duct inserts 
into the junction between the right and left hepatic ducts, the so-called 
trifurcation configuration. B: Posterior (dorsocaudal) branch of the right hepatic 
duct inserts into the left hepatic duct.

CD

CHD

A B C D

E F G H

CBD

Fig. 29.7.2 Variations in the configuration of the cystic duct and the common hepatic duct. A-C: Different junctions of the cystic duct and hepatic duct. D: Sessile 
gallbladder with absence of cystic duct. E: Aberrant duct draining right lobe of liver. F: Short cystic duct. G: Cystic duct emptying separately into duodenum. 
H. Short common bile duct with low junction of right and left bile ducts. CD – Cystic Duct, CHD- Common Hepatic Duct, CBD – Common Bile Duct. (In part, after 
Skandalakis et al.: Atlas of Surgical Anatomy and Embryology for General Surgeons. Paschalidis Medical Publishers, Athens, Greece, 2009.)



L i v e r ,  G a L L  B L a d d e r ,  a n d  Pa n c r e a s  |  775

rather than “accessory.”15 They vary in size from tiny and 
thread-like to very large with corresponding variation in 
the area of liver being drained. Most commonly, anomalous 
hepatic ducts emerge from the right side of the liver and 
empty into the gallbladder, the cystic duct, or the common 
duct.5,19 Rarely, aberrant ducts drain portions of the left side 
of the liver.

Occasionally there is anomalous insertion of the posterior 
or dorsocaudal branch into the junction between the right and 
left hepatic branches (called trifurcation) or into the left hepatic 
branch. The clinical significance of the latter is that complete 
surgical removal of the left lobe is not possible, because liga-
tion of the posterior branch would produce cirrhosis in por-
tions of the remaining right lobe.

Positional Alterations. Rarely the gallbaldder may be 
intrahepatic or left sided, lying underneath the left lobe. Even 
rarer are reports of other positions such as suprahepatic in 
the absence of right lobe aplasia, retroperitoneal, and in the 
anterior abdominal wall. Suprahepatic positioning of the gall-
bladder has been observed in association with eventration of 
the diaphragm and “inversion” of the liver.20 A  patient with 
Beckwith-Wiedemann syndrome has been described as having 
the gallbladder embedded in an accessory lobe of the liver.21

Septation. The gallbladder may have a septum dividing the 
cavity into two parts (septate gallbladder). These parts may be 
partially or completely separated, leading to a bilobed gallblad-
der with a single cystic duct (vesica divisa). Some authors think 
of these malformations as duplications, while others make a 
distinction between these and “true” duplications. Cases of 
multiseptate gallbladder are rare and not considered part of 
the spectrum of gallbladder duplication but are more clearly 
due to defects in recanalization.3,22,23

Duplication. Occasionally two separate gallbladders, each 
with its own cystic duct, may develop (vesica duplex). These 
gallbladder duplications may be found incidentally at autopsy, 
surgery, or radiography. Ryrberg notes that a double gall-
bladder with gallstone formation in a sacrificial animal was 
interpreted as an omen of victory by the ancient Babylonians 
and that Pliny the Elder commented on finding a double gall-
bladder in a sacrificial animal in 31 bc.24 There are no clinical 
symptoms that are specific. Controversy exists over whether 
these anomalies predispose to stone formation.

The cystic ducts may join to form a single Y-shaped cystic 
duct; the two cystic ducts may remain separate and both empty 
into the common duct, or one of the cystic ducts may connect 
elsewhere, such as into an hepatic duct. Occasionally the sec-
ond or “accessory” gallbladder may be found in another site 
such as under the left lobe of the liver, imbedded within the 
liver, or within the gastrohepatic ligament.

Multiple gallbladders may be missed by routine radio-
graphic diagnostic studies, especially if one is nonvisualized 
because of disease. At least three surgically proven cases have 
been diagnosed by ultrasonography, but lack of resolution 
makes demonstration of two cystic ducts difficult with this 
technique.25 False-positive diagnoses have been caused by a 

folded gallbladder, choledochal cyst, phrygian cap, perichole-
cystic fluid, gallbladder diverticulum, a vascular band across 
the gallbladder, and focal adenomyomatosis.26

Variation in biliary tree structure has been found in 47 per-
cent of patients undergoing primary biliary tract operations 
and 42 percent of patients having operative cholangiography.6,7 
In the latter study, this was considered to be normal anatomic 
variation in 24 percent and variant structure with pathologic 
significance in 18  percent of the 3,845 patients reviewed. 
Reported prevalence figures for anomalous bile ducts vary 
from 1.7 percent to 28 percent. Gallbladder duplication (either 
divisa or duplex) is a common anomaly in some animals, occur-
ring in 1/8 cats, 1/28 calves, 1/85 lambs and sheep and 1/198 
pigs, but it is a relatively rare anomaly in humans, occurring at 
a rate of less than 1/3,000 autopsies.1 By 1977, double gallblad-
der had been reported in 207 patients and triple gallbladder in 
eight patients. The male:female ratio of reported cases up to 
1977 was 1:1.68; the ratio was 1:1 in those found incidentally 
but 1:3 in those requiring surgery. This suggests that the actual 
incidence of this group of anomalies may be equal in the sexes 
with a predominance of symptomatic gallbladder disease in 
females, as is true for disease in single gallbladders.3

There are probably several different pathogenetic mecha-
nisms involved in the various forms of gallbladder duplication. 
These include the development of more than one pars cystica 
primordium at two different sites in the developing common 
duct, splitting of the pars cystica during the fifth and sixth 
weeks of development, growth of diverticula from the cystic 
duct or from intrahepatic ducts, or aberrant canalization after 
the solid stage of development. As in duct development, the 
formation of a “double-barreled,” septate, or duplicate configu-
ration is believed sometimes to arise as the result of vacuol-
ization occurring in two separate, nonconnecting rows during 
the canalization phase. On the other hand it is also possible 
that some cases of septate or bilobed gallbladder (vesica divisa) 
arise through a splitting or division of the cystic primordium. 
Division of the primordium could also result in double gall-
bladders (vesica duplex) with separate cystic ducts (or Y-type 
configuration), but widely separated duplicate (accessory) 
gallbladders probably arise from double cystic primordia. 
Although some examples of accessory gallbladders in cats 
appear to have developed from the ventral pancreatic bud 
rather than from the pars cystica, and a similar anomaly has 
been seen in at least one human specimen, the occasional find-
ing of pancreatic tissue in the gallbladder wall should not be 
interpreted as indicating pancreatic origin in these cases.3

Treatment: These minor anomalies and variations become 
significant at surgery. Accidental severing of an anomalous 
duct may result in postoperative drainage leading to peritoni-
tis. Ligation of an unrecognized duct may be symptomatic if 
the area of liver that is drained is large enough. In performing 
cholecystectomy on patients with an anomalous right hepatic 
duct that empties into the cystic duct, care must be taken to 
ligate the cystic duct between the gallbladder and the junction 
with the anomalous duct in order to maintain adequate drain-
age of the anomalous duct.19 Unrecognized anomalous ducts 
may also cause recurrence of symptoms after cholecystectomy.
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Evaluation and treatment as usual are recommended for 
symptoms of cholecystitis. Patients with symptomatic multiple 
gallbladders generally benefit from removal of all of these cystic 
structures. When duplicate gallbladders are widely separated, 
only one may be diseased; in closely positioned or connected 
organs, concordance for disease is more likely. When the con-
dition is missed at surgery, subsequent reoperation may be 
required because of the persistence or reoccurrence of symp-
toms.8 Symptomatic duplication is usually reported in adults 
and only rarely in childhood. In one notable case, removal of 
double gallbladders from a four-year-old girl, resulted in ces-
sation of her recurrent attacks of abdominal pain, jaundice, 
and vomiting, and reversal of histologic features of progressive 
cirrhosis.29

Prognosis: There is some suggestion that biliary anomalies 
may predispose to lithiasis.27 This seems to be a relatively 
uncommon complication considering the frequency of bili-
ary tract structural variation. Lithiasis may be related to 
dysplastic hepatic anomalies such as Caroli disease (intra-
hepatic dilation of major branches of the lobar ducts), 
hepatic fibrosis, and polycystic disease; duct damage from 
regurgitation of pancreatic secretions (as in anomalous pan-
creaticobiliary duct union); or mechanical obstruction to 
gallbladder emptying caused by torsion of the cystic duct in 
cases of malpositioning (as has been suggested to account 
for the high incidence of stones in intrahepatic gallbladders). 
Malposition of the gallbladder may also lead to torsion and 
gangrene.28

It has been suggested that gallbladder duplication anoma-
lies may predispose to disease, but the large number of healthy 
double gallbladders identified incidentally suggests that this 
effect, if any, may be very small. In one series, the age at diag-
nosis of gallbladder disease was several years younger in those 
with duplications than in those with single organs (43.5 years 
compared with 51.3 years). Other authors suggest that “true” 
gallbladder duplication (vesica duplex) is frequently related to 
cholelithiasis and cholecystitis.29
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29.8 aBsence Of THe Pancreas

(Pancreatic Agenesis, Pancreatic Aplasia)

Definition: Complete absence or marked hypoplasia of the pancreas.

ICD9/ICD10: 751.7/Q45.0 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: cerebellar agenesis, optic nerve 
hypoplasia, cardiac malformations, diaphragmatic 
hernia biliary tract defects, gut abnormality, endocrine 
abnormality

Laboratory studies: abdominal ultrasonography, MRI, 
testing for diabetes mellitus

Prenatal diagnosis: none

Cause: Mendelian

Absence of the pancreas is a very rare birth defect. Pancreatic 
agenesis should be considered when evaluating a neonate man-
ifesting diabetes mellitus. The presence of exocrine pancreatic 
insufficiency is a key element for the diagnosis of pancreatic 
agenesis. The onset of diabetes mellitus is usually during neo-
natal period (mainly in the first two days of life); however, in 
the case of pancreatic hypoplasia, the onset could be late-onset. 
Presence of associated congenital malformations has been 
observed in 60  percent of cases.1 Anomalies of the biliary 
system, heart, and duodenum are most frequent. Most of the 
infants with pancreatic agenesis are small for gestational age.

Syndromal Pancreatic Agenesis. Most individuals with 
syndromal pancreatic agenesis harbor heterozygous dominant 
mutations in GATA6. De novo GATA6 heterozygous muta-
tions, leading to GATA6 haploinsufficiency, were found in 
15/27 (56  percent) of individuals with pancreatic agenesis.2 
Extrapancreatic features of GATA6 mutations include congeni-
tal heart defects, congenital biliary tract anomalies (gallblad-
der agenesis, biliary atresia), gut developmental disorders such 
as hernia, neurocognitive abnormalities, and additional endo-
crine abnormalities (pituitary agenesis and hypothyroidism). 
In particular, cardiac malformations such as atrial/ventricular 
septal defects or tetralogy of Fallot were seen in 93 percent of 
individuals with GATA6 mutations. Neurocognitive abnor-
mality was seen in 7/15 individuals.2

An Italian child with pancreatic agenesis and an atrial sep-
tal defect was found to have a missense mutation in GATA4 
gene.3 Although a germline mutation of GATA4 gene is limited 
to this single case report, recently it was demonstrated that in 
the mouse model, GATA4 and GATA6 cooperatively control 
pancreatic morphogenesis, supporting the notion that GATA4 
represents the candidate gene for pancreatic agenesis.4,5 GATA 
factors are important for the activation of PDX1, mutations of 
which are associated with isolated nonsyndromal pancreatic 
agenesis. Mutations of GATA factors are hypothesized to cause 
misexpression of PDX1, leading to pancreatic anomalies.

Other causes of syndromal forms of pancreatic agenesis are 
recessive coding mutations in PTF1A.6 Mutations in this gene 
cause pancreatic and cerebellar agenesis, which are lethal con-
ditions, and all the individuals with biallelic PTF1A mutations 
died during infancy. The cause of death in two individuals with 
PTF1A mutations was presumed to be sepsis. In addition to 
pancreatic and cerebellar agenesis, facial dysmorphisms such 
as triangular face, small chin and low-set ears, joint stiffness/
contractures, and optic nerve hypoplasia were seen in individ-
uals with PTF1A mutations.

Pancreatic agenesis/hypoplasia was reported in three 
fetuses with TCF2 mutations, and all fetuses had severe kidney 
anomalies such as renal dysplasia.7 Individuals heterozygous 
for TCF2 mutations may present with maturity-onset diabetes 
of the young type 5 and renal manifestation. TCF2 encodes for 
the hepatocyte nuclear factor-1beta (HNF1beta).

Isolated Nonsyndromal Pancreatic Agenesis. In two 
families, recessive coding mutations in PDX1 (aka IPF1) 
have been reported.8 Recently, recessive mutations in a dis-
tal PTF1A enhancer element were found to be a major cause 
of isolated pancreatic agenesis (identified in 7/10 families).9 
This distal PTF1A enhancer element harbors protein bind-
ing motifs of FOXA2 and PDX1, both of which are important 
for pancreatic development. Individuals with nonsyndro-
mal pancreatic agenesis that are not found to have genetic 
mutations in the above-mentioned genes are often born to 
consanguineous parents, suggesting that there is at least one 
as yet unidentified recessive subtype of isolated pancreatic 
agenesis.2

Treatment: In individuals with isolated pancreatic agenesis, 
diabetes management and pancreatic enzyme supplementa-
tions are required.

Prognosis: Prognosis is influenced by the presence of extra-
pancreatic manifestations. In cases with isolated pancreatic 
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agenesis, with replacement of insulin and pancreatic enzyme, 
normal development/growth can be expected.
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29.9 sTrUcTUraL variaTiOn Of THe Pancreas

(Annular Pancreas, Pancreas Annulare, Pancreas Divisum, Dominant Dorsal Duct Syndrome, Isolated Ventral Pancreas)

Definition: Variations in the anatomy of the pancreas.

ICD9/ICD10: 751.7/Q45.1, Q45.3 Syndrome Associations (Appendix)
Trisomy 21

Birth prevalence:
Annular pancreas—1/6,500—1/28,000
Pancreas divisum—1/20–1/100

Associated anomalies: duodenal atresia, situs 
abnormalities

Laboratory studies: cholangiopancreatography, 
angiography, CT, ultrasonography

Prenatal diagnosis: ultrasonography

Cause: unknown, normal variant

While variation in pancreatic structure is not uncommon, 
symptomatic developmental anomalies seem to occur 
relatively rarely. Endoscopic retrograde cholangiopancre-
atography (ERCP) has proved to be a valuable tool for diag-
nosing the developmental variants that occur in this area, 
especially those with anomalous development of the duct 
system.1-3 CT and angiography may also be useful.4 Annular 
pancreas and pancreas divisum can both be present in the 
same patient.5

The main body and tail of the pancreas are formed from 
the original dorsal pancreatic bud, which arises from the dor-
sal wall of the duodenum. The ventral bud has right and left 
parts.10, 27 The right-sided portion of this ventral bud rotates 
from its initial position to the right of the midline, dorsally 
around the right side of the gut, eventually fusing with the 
dorsal bud and forming the head of the pancreas. This appar-
ent rotation comes about as the result of differential growth of 
the duodenum. The left side of the ventral bud atrophies or is 
hypoplastic and never develops.

Other structural abnormalities of the pancreas have been 
reported in association with polysplenia and situs abnormali-
ties including short pancreas and absence of the body and 
tail.6,7 Pancreas divisum frequency is higher in individuals with 

CFTR, SPINK1 and PRESS1 mutations, which are associated 
with pancreatitis.8

Annular Pancreas. This ring-shaped or horseshoe-shaped 
mass of pancreatic tissue encircles the duodenum (Fig. 29.9.1). 
This usually occurs at the level of the normal pancreas but may 
occur anywhere along the duodenum.9 It may be completely 
asymptomatic, presenting as a coincidental finding at autopsy, or 
it may cause problems in infancy or later adult life. When symp-
tomatic in young infants, annular pancreas presents with vom-
iting, usually due to obstruction of the descending duodenum. 
Epigastric distension is frequently present. Pressure on the com-
mon duct may produce obstructive jaundice. Polyhydramnios 
is a prenatal indicator of significant obstruction.10

Annular pancreas may also be symptomatic later in adult 
life, typically presenting between ages 30 and 50  years.11 
Epigastric pain and vomiting can be of relatively recent onset 
or chronic and recurrent over a period of years. Jaundice is also 
seen in adults. The diagnosis may be missed on routine laparot-
omy. Some patients have had previous unsuccessful operations 
for gallbladder disease, with their annular pancreas being diag-
nosed later. Patients who have jaundice as one presenting symp-
tom seem to be at increased risk for this kind of misdiagnosis. 
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The diagnosis of annular pancreas should be suspected in a 
neonate with epigastric fullness, vomiting, and a plain abdomi-
nal radiograph that shows a “double-bubble” sign. This radio-
graphic sign is due to gas in the stomach and dilated duodenal 
bulb, with no gas extending further beyond the area of duodenal 
constriction. Diagnosis may be aided further by upper gastro-
intestinal tract radiographic studies showing a smooth, con-
centric duodenal obstruction that does not vary from film to 
film, small mucosal folds in the constricted region, and a dilated 
duodenal bulb. ERCP may provide more definitive evidence by 
outlining the configuration and course of the pancreatic duct of 
Wirsung throughout the ring of pancreatic tissue.2,12

When symptomatic in children, annular pancreas is fre-
quently associated with other anomalies. Duodenal stenosis or 
atresia occurs most commonly.13 In one series, the incidence of 
associated anomalies in children was 70 percent.14 These other 
anomalies are frequently lethal. Associated anomalies are less 
commonly found in adults with annular pancreas, but the fre-
quency is as high as 14 percent to 25 percent in some series.9,11

Symptomatic annular pancreas is not usually associated 
with intellectual disability, but it has been observed in a man 
with seizures and an IQ of 75.15 Although this association is 
probably coincidental, the authors noted with interest that the 
patient’s seizures disappeared completely after surgery and sug-
gested that the seizure activity may have been triggered by the 
episodes of abdominal pain. Another isolated report describes 
annular pancreas with duodenal obstruction in a patient with 
features of de Lange syndrome.16

Annular pancreas may cause duodenal atresia that pres-
ents immediately in the newborn period. This appears to be 
due to a mechanically compromised vascular supply to this 
region of the bowel caused by the annular pancreas. If annular 
pancreas causes these symptoms, it is usually early in infancy. 
Those not symptomatic at this early stage rarely cause signifi-
cant problems later in life.

Pancreatitis may occur in an annular pancreas because 
abnormal and inadequate development of the duct system in 
the extra segment does not provide adequate drainage of the 

pancreatic tissue present.11 Adult patients with annular pan-
creas who present with abdominal pain occasionally have 
associated duodenal ulcers.

The most commonly accepted theory of annular pancreas 
formation was suggested by Lecco in 1910 and restated by 
numerous authors since.17,18 The proposed sequence of events 
begins with the ventral pancreatic bud becoming adherent to 
tissue at the anterior aspect of the duodenum and therefore 
becoming fixed before rotating dorsally to fuse with the dorsal 
bud. The ventral bud is drawn out during the process of “rota-
tion” or migration and forms a ring around most or all of the 
duodenum.

Other theories of annular pancreas formation have been 
proposed, including overgrowth of both dorsal and ventral 
buds around both sides of the duodenum, a consolidation of 
heterotopic pancreatic tissue, and persistent growth (instead 
of atrophy) of the left side of the ventral bud.19 Analysis of the 
duct system present in annular pancreas specimens suggests 
that the mechanism proposed by Lecco is probably responsible 
for most cases.17 Immunohistochemical studies have been used 
to show that the tissue comprising a ring was derived from the 
ventral pancreatic bud.12

Although rare, annular pancreas is the most common mal-
formation of the pancreas, being found in 12 percent of 300 
patients who entered Boston Children’s Hospital with a pan-
creatic disorder over a period of 46 years.20 Well over 300 cases 
have been reported. The reported incidence in surgical and 
autopsy series varies over a wide range, from less than 1/28,000 
to 1/6,667.9,11 A slight male preponderance appears to occur at 
all ages. Two fetuses with annular pancreas were found among 
3,307 induced abortuses, suggesting that the true incidence of 
this developmental anomaly may be much higher than that 
estimated from postnatal autopsy or surgical series.21 The most 
common multiple anomaly syndrome associated with annular 
pancreas is Down syndrome. Two recent studies demonstrate 
a greater than 300-fold increased risk for this anomaly in chil-
dren with Down syndrome.22,23 Duodenal atresia is associated 
with Down syndrome, and some of these are due to annular 

Fig. 29.9.1 Lecco’s theory of annular pancreas development. The ventral pancreatic anlage (VP) becomes fixed at its free end. During its subsequent migration 
toward the dorsal pancreatic anlage (DP) with rotation of the duodenum (D), the ventral anlage is drawn out. With fusion of the two anlagen, the pancreas comes 
to surround the duodenum. (From Howard,18 used by permission of Surgery, Gynecology, and Obstetrics.)
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pancreas. As many as 15 percent to 20 percent of infants who 
present with obstructive symptoms due to annular pancreas 
have this condition.14,19,24 Conversely, in a series of 2,421 chil-
dren with Down syndrome, 63 presented with symptoms of 
duodenal obstruction and 15 of those had annular pancreas.25 
It should be noted that this is an underestimation of the true 
frequency of annular pancreas in Down syndrome, because 
individuals with asymptomatic annular pancreas were not 
identified in this study.

Evidence that annular pancreas can be caused by a domi-
nantly expressed mutation in a single autosomal gene has been 
presented by means of four families with affected individuals 
in two generations.26-29 All families involved affected children 
of affected mothers. Two reports of affected sib pairs have been 
reported, a male and female pair in one, and two female siblings 
in the other.30,31 The parents were asymptomatic in both fami-
lies, however no further imaging studies were reported. Since 
annular pancreas may be asymptomatic, these families may 
represent variable expression of a dominant trait rather than 
recessive inheritance. A syndrome of multiple gastrointestinal 
anomalies reported in two families among sibs and in one iso-
lated case has annular or hypoplastic pancreas associated with 
duodenal atresia as well as multiple other anomalies including 
esophageal atresia and fistula, rectoanal atresia, biliary atresia, 
malrotation, congenital heart defects, and hypospadias.32-34

Annular pancreas has been observed in three unre-
lated neonates with abdominal heterotaxia characterized by 
left-sided liver, right-sided stomach and spleen, and apparent 
thoracic situs solitus.35 None of the patients had polysplenia or 
asplenia. One of two brothers reported by Toriello et al., who 
had polysplenia and variable manifestations of situs abnor-
malities, also had an annular pancreas.36 These observations 
gave rise to the suggestion that a “multiple organ malrotation 
syndrome” exists that results from event(s) that interfere with 
the normal rotation experienced by these organs between five 
and six weeks gestation.

Pancreas Divisum. This condition occurs when the two 
embryonic pancreatic buds fail to fuse completely, resulting in 
two separate dorsal and ventral ducts with lack of communica-
tion between them (Fig. 29.9.2).37-39 This is sometimes referred 
to as isolated ventral pancreas. Characteristically the two ducts 
fail to fuse normally, and the dorsal body and tail are drained by 
the duct of Santorini while the ventral segment that makes up 
the head of the pancreas is drained by a small duct of Wirsung. 
Two other variations include an “incomplete” form in which 
there is a very small, hypoplastic communication between the 
two ducts and another where the ventral duct of Wirsung has 
disappeared entirely. Dominant dorsal duct syndrome refers to 
all of these structural variants.

These variations are usually asymptomatic. As discussed 
below, controversy exists over whether pancreas divisum and 
its variants predispose one to develop pancreatitis. Some feel 
strongly that these are normal structural variants without clin-
ical significance, while others believe with equal conviction 
that some predisposition to pancreatic disease is associated.38,39 
Some of the contradictions produced by different reports may 
be due to differences in definitions, ascertainment biases, and 

the difficulty with which a demonstration of papillary stenosis 
is made.

Pancreas divisum, or failure of total fusion of the dor-
sal and ventral pancreatic buds, is not rare, probably occur-
ring in at least 2 to 3 percent of the general population with a 
range of incidences from less than 1 percent to over 5 percent 
reported in different series. Close to 10 percent of individuals 
in Western populations have one of the three structural varia-
tions characterized by the presence of a functionally dominant 
dorsal duct.38 These, therefore, are considered normal vari-
ants. A subgroup appears to have, in addition, stenosis of the 
accessory papilla, which may be related to the development 
of symptoms and clinical presentation with pancreatitis. The 
male:female sex ratio for pancreas divisum was 0.92 in one 
series of 357 cases.39

Treatment: Symptomatic annular pancreas in infants and 
adults usually requires surgical bypass of the constricted region 
with a duodenojejunostomy. The annular pancreas itself can-
not be divided or removed easily because of the high incidence 
of complications such as interference with pancreatic duct 
function, pancreatitis, or pancreatic duct fistula that results 
from surgical manipulation of that area.9,11 In one patient with 
severe chronic pancreatitis associated with both pancreas divi-
sum and an annular pancreas, complete relief of symptoms 
was achieved by pancreatoduodenectomy.12

When pancreas divisum or one of its variants is found 
in a patient with recurrent pancreatitis, sphincteroplasty of 
one or both pancreatic ducts is frequently recommended.37,38 
Pancreatitis is usually, but not invariably, cured after such a 
procedure. Patients with stenosis seem to respond best to sur-
gery. After accessory papilla sphincteroplasty, 85  percent of 
patients with stenosis improved compared with a 27 percent 

Fig. 29.9.2 Common pancreatic ductal variants. (From Warshaw et al.,38 used by 
permission of the American Journal of Surgery.)
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improvement rate observed in those patients in whom no ste-
nosis could be demonstrated.38

Prognosis: The clinical significance of pancreas divisum and 
its variants is somewhat controversial. Many authors have pre-
sented data suggesting that this anomaly predisposes one to 
develop acute or chronic pancreatitis.37,40 Others, however, find 
no significant difference in the prevalence of pancreas divisum 
between groups of patients with and without pancreatitis.39,41 
Some evidence suggests that the factor of critical importance 
in producing pancreatitis is a stenosis of the accessory opening 
of the duct of Santorini, which interferes with drainage.38
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29.10 Pancreas cYsTs and dYsPLasias

Definition: Congenital cystic and dysplastic changes in the pancreas, with or without functional pancreatic deficiency.

ICD9/ICD10: 577.2/K86.2 Syndrome Associations (Appendix)
Beckwith-Wiedemann (NSD1, H19, KCNQ1OT1, CDKN1C)
Cumming campomelia
Cystic fibrosis (CFTR)
Fryns
Goldston (NPHP3)
Johanson-Blizzard (UBR1)
Meckel (MKS1)
Short-rib polydactyly IV
Shwachman (SBDS)
TAR (RBM8A, del 1q21.1)
Von Hippel-Lindau (VHL)
Trisomy 13

Birth prevalence: unknown

Associated anomalies: Dandy-Walker cyst, 
hydrocephalus, midline scalp defect, GU anomaly, 
polycystic disease of kidney/liver, limb anomaly, 
pancreatic insufficiency, hypothyroidism, generalized 
lymphangiectasis, deafness, neutropenia, growth 
retardation, developmental delay, dental anomalies, situs 
inversus

Laboratory studies: ultrasonography, CT, MRI

Prenatal diagnosis: ultrasonography

Cause: unknown

True congenital or developmental cysts of the pancreas are 
rare.1,2 When present, they are lined with epithelium and 
found most commonly in that part of the pancreas derived 
from the dorsal bud. They may be single, multiloculated, or 
multiple and scattered along the length of the body of the 
pancreas.3 Most congenital pancreatic cysts are multiple and 
often associated with disorders that primarily affect other 
organ systems (i.e., autosomal recessive polycystic kidney 
disease, autosomal dominant polycystic kidney disease, Von 
Hippel-Lindau disease, cystic fibrosis), while solitary pan-
creatic cysts result from anomalous development of the pan-
creatic ducts.4 Cysts usually grow to a large size (sometimes 
up to 6–8  inches in diameter) before causing symptoms, 
which are usually due to pressure of the enlarging mass on 
other structures such as the stomach, large bowel, and com-
mon bile duct.

Ultrasonography is an excellent tool to use in screening 
for cysts of the pancreas.5 CT and MRI have largely replaced 
angiography and radionuclide scanning as a second-level 
technique to provide more anatomic detail. Upper and lower 
gastrointestinal tract radiography with radioopaque contrast 
material may show displacement of the stomach and/or the 
transverse colon by the enlarging cystic mass.

The differential diagnosis of pancreatic cysts includes sec-
ondary cystic structures that may be either true cysts or pseu-
docysts. Such cystic structures occur as the result of trauma, 
pancreatic duct obstruction, neoplasia, pancreatitis, parasitic 
infection, cystic fibrosis, and intrapancreatic duplications 
of the stomach and duodenum.3,6,7 In a review of 212 adult 
patients with cystic lesions of the pancreas (mean age of 59 ± 
14.7 years) 37 percent were asymptomatic, of which 59 percent 
had an invasive or premalignant lesion (compared to almost 
70 percent in the symptomatic group).8

Polycystic disease of the pancreas occurs in some patients 
who have polycystic disease of the liver and kidneys.9,10 An 
early report of this condition was by Ivemark et  al. in 1959, 

and this association sometimes is called Ivemark syndrome 
or renal-hepatic-pancreatic dysplasia.11 It should not be con-
fused with the so-called Ivemark asplenia syndrome, although 
patients with apparent features of both “Ivemark” syndromes 
have had renal-hepatic-pancreatic dysplasia (RHPD) as well 
as abnormalities in the determination of laterality.12,13 Balci 
et  al. reported a family with three siblings (two females and 
one male) with cystic dysplasia of the pancreas and kidneys, 
situs inversus, bowing of the lower limbs, hydrocephalus, 
and intrauterine growth retardation (IUGR).14,15 The authors 
concluded that the findings in this family differed from the 
renal-hepatic-pancreatic dysplasia described by Ivemark 
because of the absence of liver involvement and the presence 
of situs inversus. White et al. presented a similar isolated case 
and suggested that their case and that of Balci et al. should be 
included in the RHPD spectrum, which includes a variety of 
laterality fibrocystic conditions of the liver, kidney, and pan-
creas.14-16 Other associations with the RHPD spectrum include 
Dandy-Walker cyst and campomelia.17-18 Some authors include 
patients with renal, hepatic, and pancreatic dysplasia in the 
same category with autosomal recessive infantile polycystic 
kidney disease, but it should be pointed out that the pancreas 
is usually not involved in typical cases of autosomal recessive 
polycystic kidney disease (ARPKD).19 ARPKD is caused by 
mutations in the fibrocystin gene. Mutations have been found 
in individuals with ARPKD associated with hepatic fibrosis 
and Caroli disease, but none has been reported yet in indi-
viduals with associated pancreatic cysts.20,21 Pancreatic cystic 
disease may also occur in patients with an apparent general-
ized form of lymphangiectasis. One reported infant with pul-
monary cystic lymphangiectasis also had a pancreatic cystic 
dysplasia characterized by cystically dilated, endothelial-lined 
channels within the interstitial tissue similar in appearance to 
the changes found in the lungs.22 That hydropic stillborn male 
also had similar cystic dysplastic changes involving the heart, 
kidneys, and mesenteric tissue.
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Multiple cysts of the pancreas have been seen in some 
patients with von Hippel-Lindau syndrome, in which condi-
tion renal cysts may also be present.23 The pancreatic involve-
ment in this syndrome is usually cystic and asymptomatic, 
although it may be severe. Rarely, exocrine or endocrine pan-
creatic insufficiency occurs.24 In addition to single or multiple 
cysts, patients may also have angiomas, adenomas, and even 
hemangioblastomas of the pancreas.

Another patient reported with pancreatic cystic dysplasia 
had a unique syndrome characterized by radiographic fea-
tures of chondroectodermal dysplasia (Ellis-van Creveld syn-
drome), postaxial hexadactyly of hands and feet, and a number 
of other findings not usually included in that syndrome such as 
situs inversus totalis, cleft epiglottis and larynx, skin tags on the 
neck, renal dysplasia, ambiguous genitalia with micropenis, 
and imperforate anus.25

Most cases of pancreatic exocrine insufficiency are due to 
cystic fibrosis.6 Progressive fibrosis and fatty replacement of 
the exocrine pancreatic elements occurs early in most patients 
with this disorder.

Shwachman-Diamond syndrome, the next most com-
mon cause of pancreatic insufficiency, is characterized by fatty 
change throughout the organ that causes exocrine deficiency 
but usually leaves the islets functionally intact. Other charac-
teristic features are metaphyseal chondrodysplasia with short 
stature and neutropenia with increased susceptibility to infec-
tion.6,26 Because patients present with diarrhea and growth 
failure associated with pancreatic insufficiency, cystic fibrosis 
may be suspected. The neutrophil count, sweat chloride, and 
skeletal radiographs should help to differentiate between these 
two entities most commonly associated with exocrine pancre-
atic deficiency.

The Johanson-Blizzard syndrome is characterized by 
hypoplasia of the alae nasi, deafness, hypothyroidism, midline 
scalp defects, postnatal linear growth retardation, develop-
mental delay in some, absence of the permanent dentition, and 
malabsorption that appears to be due to exocrine pancreatic 
deficiency. The exocrine pancreas in one affected newborn was 
replaced by connective tissue, while fatty tissue predominated 
in an older child.27,28

Congenital developmental cysts of the pancreas occur 
rarely and are much less common than acquired cysts or pseu-
docysts.1-3 Of 300 patients presenting to Children’s Hospital in 
Boston between 1938 and 1984 with disorders of the pancreas, 
only 6 (2 percent) had cysts that appeared to be developmental 
in nature.3

Exocrine pancreatic insufficiency is most commonly 
due to cystic fibrosis, a common autosomal recessive disease 
characterized by chronic bronchopulmonary disease and 
increased concentration of sweat electrolytes. Pancreatic insuf-
ficiency appears to be due to blockage by inspissated secre-
tions, one manifestation of defects in exocrine secretion that 
exist throughout the body and that are caused by mutations 
in the cystic fibrosis transmembrane conductance regulator 
gene (CFTR) at chromosome 7q31.3-q32. Long-term sequelae 
include shrinkage and fibrosis of the pancreas.

Other autosomal recessive causes of exocrine pancreatic 
deficiency include the second most common one, Shwachman 

syndrome (caused by mutations in the SBDS gene on chromo-
some 7q11) and the rarer Johanson-Blizzard syndrome.6,27,28 
Johanson-Blizzard syndrome is caused by mutations in UBR1.29 
Other etiologies of exocrine pancreatic deficiency include con-
genital rubella and severe familial or nonfamilial pancreatitis. 
Isolated deficiencies of single enzymes such as amylase, lipase, 
enterokinase, and trypsinogen also occur and present with 
symptoms of malabsorption and growth failure.

As mentioned above, pancreatic cysts have been found 
in a number of patients with dysplasias involving other 
organs, primarily the liver and kidney. This phenotype is 
causally heterogeneous.9 While a minority of patients with 
ARPKD have pancreatic cysts, identification of the ARPKD 
disease gene fibrocystin on chromosome 6p21.1-p12 may 
shed some light on the etiology of phenotypically similar 
disorders with pancreatic cysts.20 Mutations in fibrocystin 
have been seen in individuals with ARPKD associated with 
hepatic fibrosis and Caroli disease, but none has been found 
to date in individuals with associated pancreatic cysts, pos-
sibly indicating a different molecular etiology for those indi-
viduals.21 Mutations in NPHP3 and NEK8 have been shown 
to cause RHPD.30,31

Prenatal diagnosis by mid-trimester ultrasonography is 
feasible for infantile polycystic kidney disease, some cases of 
Jeune syndrome, and dysplasias characterized by campomelia. 
Prenatal diagnosis of cystic fibrosis is now available to many 
couples at risk by either direct or indirect DNA analysis.

Treatment: When unilocular and multilocular cysts become 
large enough to cause symptoms, surgical treatment is indi-
cated.3 The cystic tissue should be excised when it occurs in 
the body or tail of the pancreas. Internal drainage has been 
accomplished for those rarer cases with involvement of the 
pancreatic head. The prognosis should be good, as these cysts 
are only rarely associated with complications such as infection 
or adhesions.

Prognosis: In polycystic disease associated with similar dys-
plastic changes in the liver and kidney, the prognosis is usu-
ally related to the severity of the hepatic and renal disease. 
Severe infantile polycystic kidney disease is usually lethal in 
the newborn period because of pulmonary insufficiency due 
to oligohydramnios. The original pair of sibs of Ivemark et al. 
with renal-hepatic-pancreatic dysplasia both developed renal 
failure in the first three to six weeks of life.11 Other reported 
cases suggest that death is usually in the neonatal period, with 
occasional survival for up to nine months.9-13
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29.11 Pancreas ecTOPia and HeTerOTOPia

(Ectopic Pancreatic Tissue, Pancreatic Heterotopia)

Definition: Pancreatic tissue occurring at sites detached from the main body of the pancreas.

ICD9/ICD10: 751.7/ Q45.3 Syndrome Associations (Appendix)
None

Birth prevalence: 1/7–1/200

Associated anomalies: rare

Laboratory studies: radiographs, endoscopy, 
ultrasonography

Prenatal diagnosis: MRI

Cause: unknown

When accessory heterotopic pancreatic tissue is present, it is 
usually asymptomatic or only mildly symptomatic. Patients 
may complain of vague, nonspecific, abdominal discomfort 
over a period of months or years, but a definite causal relation-
ship between ectopic pancreatic tissue and such symptoms is 
generally difficult to establish.1,2 Occasionally, accessory pan-
creatic nodules in the gastrointestinal tract ulcerate and pres-
ent with symptoms of bleeding. Most patients reported to be 
symptomatic are between ages 30 and 50 years, but children 
have been occasionally affected.

Accessory nodules are usually single and rarely multiple. 
They are firm, yellow, and irregular, varying in size between 
several millimeters and 4 cm in diameter. The most common 

site is the stomach near the pylorus, where they are usually sub-
mucosal, sessile nodules. In one series of symptomatic patients, 
80 percent of the gastric lesions were found in the prepyloric 
region on the greater curvature of the stomach.3 The duodenum 
and jejunum are also relatively common sites to find accessory 
pancreatic nodules with central pits into which one or more 
ducts empty.2 Other reported sites for heterotopic pancreatic 
tissue include Meckel diverticulum, the umbilicus, the spleen, 
the gallbladder, the liver, the mesentery, and the esophagus.

Accessory pancreatic tissue is usually diagnosed by upper 
gastrointestinal radiography or endoscopy when a patient 
presents with symptoms of abdominal discomfort. Ectopic 
pancreatic tissue in the stomach or small bowel is frequently 
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identified as a nodule with a pit that fills with contrast medium. 
Prenatal diagnosis has been accomplished with MRI.3

Ectopic pancreatic nodules may develop the same patho-
logic conditions as the main organ, such as pancreatitis, cysts, 
and tumors, causing patients to present with symptoms typical 
of these conditions.4-6 Nesidioblastosis (beta-cell hyperplasia 
with abnormal clusters in and near the ducts, with decreased 
sensitivity to glucose regulation) in accessory heterotopic 
pancreatic tissue has been implicated as the cause of hyper-
insulinemic hypoglycemia in one patient and hypertension in 
another.7,8 This experience suggests that pathologists should 
look for nesidioblastosis in an ectopic accessory pancreas in 
cases of unexplained sudden infant death.

Other than the occasional accessory pancreatic nodule 
found in a Meckel diverticulum, there is no strong association 
between these heterotopias and other congenital malforma-
tions or dysplasias.

Pancreatic tissue is found throughout the vertebrates.9 In 
nonhuman vertebrates, nodules of pancreatic tissue are found 
normally between the muscularis and serosal layers of the 
stomach or duodenum, buried in the mesentery, or along the 
blood vessels that supply the liver and spleen. In many mam-
mals, multiple pancreatic nodules are normally distributed 
over a large region in the small bowel mesentery. Ectopic or 
accessory pancreatic tissue in humans, therefore, frequently 
follows a pattern that mimics that seen in lower vertebrates 
and appears to be determined early in the embryonic develop-
ment of the pancreas.

A number of theories exist to explain the origin of acces-
sory pancreatic heterotopias.1,2,9 These include speculation 
that the situation is caused by an extra initial pancreatic bud, 
by secondary budding of the developing ducts, or by engraft-
ment from branching buds of the developing pancreas to 
the stomach, intestine, or mesentery as they come in contact 
during early growth, migration, and rotation of these tissues. 
The molecular basis of pancreas ectopia/heterotopia remains 
poorly understood; however, recently the Hes1 knock-out 
mouse model implicated the role of Hes1 in pancreas ectopia.10 
Ectopic pancreas has been reported to occur in 1/200 to 1/7 
autopsies.1 Close to 600 cases had been reported by 1956.1,4 
Over a 20-year period at the Mayo Clinic, 212 patients were 
diagnosed with heterotopic pancreas.2 The male:female ratio in 
this group of symptomatic cases was approximately 2:1.

Treatment and Prognosis: Although ectopic pancreas is 
usually asymptomatic and found incidentally, patients occa-
sionally present with symptoms that appear to be directly 
related to the accessory tissue. Heterotopic pancreatic tissue 
can secrete enough enzyme to produce symptoms of abdomi-
nal distress through inflammation and spasm, but it is not clear 
why such symptoms are usually of short duration.2 Because 
of the question about whether a cause and effect relationship 
exists between heterotopic pancreatic tissue and abdominal 
symptoms, it has been suggested that for these patients, con-
servative therapy with observation may be as therapeutically 
effective as surgical intervention.2

Hemorrhage and duodenal obstruction have also been 
reported as rare complications of heterotopic accessory pan-
creatic tissue. Gastrointestinal tract hemorrhage can occur 
when there is ulceration of the mucosa overlying heterotopic 
pancreatic nodules. Hemorrhage has also been observed in 
the absence of mucosal ulceration or gastritis, in which cases 
it is much more difficult to explain the pathogenetic processes 
involved.2,4,11
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30 | THE URINARY TRACT

JANE ALISON EVANS

inTrODUcTiOn

Developmental defects of the urinary tract represent 15 per-
cent to 25  percent of all congenital abnormalities and occur 
in about 5 percent of individuals. They range from rare lethal 
anomalies such as bilateral renal agenesis to very common 
mild and asymptomatic variations in the structure of the ure-
ter or renal pelvis. Postmortem surveys of infants and children 
indicate that around 10 percent have urinary tract anomalies, 
a high proportion of which are associated with other defects.1 
Unless a serious defect such as bladder or cloacal exstrophy 
or urethral atresia is present, clinical examination of newborn 
infants will not detect the majority of urinary tract anomalies. 
Routine ultrasound screening of apparently healthy infants 
identifies a higher proportion of significantly affected indi-
viduals (1–2 percent), with more having mild pelvic dilation.2 
Such screening is indicated in infants with multiple congeni-
tal anomalies and certain isolated structural anomalies or 
when there are signs or symptoms of urinary dysfunction 
(Table 30.I.1), even when clinical examination of the abdomen 

is normal. Prenatal ultrasonographic assessment also reveals a 
rate of 1 to 2 percent for serious anomalies.3-6 However, the use 
of fetal assessment as a screening tool to identify infants who 
will require postnatal intervention remains controversial, in 
part because of the high incidence of transient hydronephrosis.

Many isolated anomalies of the urinary tract are multifac-
torial, although they also occur in a wide range of complex and 
syndromal patterns of malformations. Structural anomalies in 
most, but not all, systems confer an increased risk for additional 
urinary tract malformations, with the strongest associations 
seen for anorectal and other caudal defects, vertebral anomalies, 
tracheoesophageal malformations, absent gall bladder, agen-
esis of the corpus callosum, and heart defects. Some patterns 
reflect polytopic field defects representing overlapping regions 
of the embryo that develop spatially and temporally in a coor-
dinated fashion. Others are due to pathogenetic processes that 
involve similar molecular or mechanical mechanisms. Specific 
but overlapping syndrome communities include acrorenal dis-
orders (e.g., Townes-Brocks and limb-mammary syndromes) 
in which limb deficiency defects are present; conditions with 
more generalized skeletal dysplasias such as campomelic 
dysplasia and short-rib polydactyly syndromes that form an 
osteorenal defect community; cerebro-renal-digital disorders 
including Fryns and Meckel-Grüber syndromes, which have 
significant brain involvement and digital anomalies; and those 
where renal dysplasia is associated with hepatic and pancre-
atic dysplasia (e.g., Bardet-Biedl and Zellweger syndromes). 
Reference to many of these complex disorders is made in the 
entries relating to specific malformations.

Urinary tract anomalies are seen in chromosomal disor-
ders, especially trisomies 13 and 18, Turner syndrome (45,X), 
and ring 13, indicating that that cytogenetic analysis, including 
molecular techniques where appropriate, should be considered 
for all affected individuals who have multiple anomalies, dys-
morphic features, growth retardation, or developmental delay. 
As development of the urinary tract spans most of embryonic 
and fetal life, these organs are very susceptible to teratogenic 
exposures; those that frequently give rise to such anomalies 
include maternal diabetes, misoprostol, vitamin A congeners, 
and thalidomide.

A N AT O M I C A L  E M B RY O L O G Y

The urinary system consists of kidneys, ureters, urinary blad-
der and urethra. Development of the urinary tract begins at 

TABLE 30.I .1 Structural and Functional anomalies that Should 

Prompt investigation for a Urinary Tract Malformation

Structural defects:
Abdominal mass
Abdominal distension and/or lax musculature
Ambiguous or abnormal external genitalia
Anal anomalies
Aniridia
Athelia
Exstrophy of the bladder or cloaca
Hemihypertrophy
Lumbosacral vertebral anomalies including hairy tufts and sinuses
Meningocele or myelomeningocele
Preauricular pits and tags

Potential urinary dysfunction:
Anuria-oligouria (especially in neonates)
Edema
Hypertension
Oligohydramnios
Persistent wetness, dribbling
Polydypsia, polyuria
Poor urinary stream
Recurrent urinary tract infection

Infants with only supernumerary nipples or single umbilical artery do not require intensive follow-up for urinary 

tract anomalies.7,8
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19 to 20 days after conception and is closely related to that of 
the reproductive system. Both derive from intermediate meso-
derm, which is produced by proliferation of mesenchymal cells 
on each side of the embryo, in the region between the paraxial 
and lateral plate mesoderm. During folding of the embryo in 
the horizontal plane, this tissue is carried ventrally away from 
the somites to form a longitudinal ridge on either side of the 
primitive aorta. This urogenital ridge has both a urinary com-
ponent (the nephrogenic cord) and a genital component (the 
gonadal ridge). Three successive sets of kidneys form during 
human development. The first, the pronephroi, appears at the 
end of the third week as clusters of cells in the cervical region. 
Although these rudimentary and nonfunctioning tissues soon 
degenerate, their ducts become incorporated into the meso-
nephroi, which develop in the fourth week from the dorsolum-
bar portions of the nephrogenic cord (Fig. 30.I.1). These large 
organs consist of glomeruli and tubules similar to but simpler 

than those of the mature kidneys. They produce urine and 
function as excretory organs until the metanephroi start work-
ing. The tubules join the pronephric duct, now called the meso-
nephric duct, which gradually extends caudally to connect with 
the cloaca at day 28. After the mesonephric glomeruli involute, 
some of the most caudal tubules persist in males as the effer-
ent ducts of the epididymis, while the mesonephric or Wolffian 
duct remains to form the genital duct. In females, only vestigial 
remnants such as the Gartner duct persist.

The metanephroi begin to develop in week five but do not 
begin functioning until 11 weeks. They develop from two com-
ponents: the ureteric bud, which begins as a dorsal outgrowth 
of the mesonephric duct near its opening into the cloaca, and 
the metanephrogenic blastema. The ureteric bud is the primor-
dium of the ureter, renal pelvis, calyces, and collecting tubules. 
It penetrates the metanephrogenic blastema and induces the 
formation of a metanephric cap of mesenchyme. The stalk of 
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Fig. 30.I.1 Development of the genitourinary system. A: Stage 16, 37 days. Cloaca is incompletely divided by urogenital septum, mesonephros is located in the 
thoracic region with the gonadal ridge along its medial margin, metanephric duct and metanephros are in early stage of formation, and pronephros, which existed 
in the cervical region, has disappeared. B: Stage 23, 57 days. Cloaca has divided into urogenital sinus and rectum, mesonephros is beginning to regress, and 
metanephros is further developed and metanephric duct elongated. C: By 8 weeks in the female, the ovaries are taking form from the gonadal ridge and the 
paramesonephric duct forms the fallopian tube and uterus, and the mesonephros and mesonephric duct further regress. D: By 8 weeks in the male, the testes 
are forming in the gonadal ridge and are linked to the urethra by components of the mesonephros and mesonephric duct. (After Gilbert SG: Pictorial Human 
Embryology. University Washington Press, Seattle, 1989.)
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the bud becomes the ureter, and the cranial end becomes the 
renal pelvis. Each collecting tubule undergoes repeated branch-
ing. The first three to six generations of branches enlarge, join, 
and form the major calyces. The next few coalesce to form the 
minor calyces, while the remaining branches form the perma-
nent collecting tubules.

The ampullary tip of each branch induces a cluster of cells 
in the blastema that form a metanephric vesicle. These vesicles 
develop into tubules that have their proximal ends invaginated 
by glomeruli, capillary clusters from branches of the renal 
arteries. This unit, consisting of glomerulus, Bowman capsule, 
proximal convoluted tubule, Henle loop, and distal convoluted 
tubule, forms a nephron. The distal convoluted tubule of each 
nephron joins the ampulla of the arched collecting tubule. 
Thus the collecting system is derived from the ureteric bud, 
while the blastema forms the excretory units. The process of 
development involves dual induction, with the branching of 
the bud induced by the metanephric mesoderm and the dif-
ferentiation of the nephron induced by the collecting tubule. 
By 11 to 13 weeks, 20 percent of nephrons are functional. Their 
numbers increase rapidly and double between 20 and 34 weeks 
gestation. From then until term, no new nephrons are formed, 
but the loops of Henle continue to lengthen and the proximal 
and distal tubules become more tortuous.9

The metanephric kidneys develop in the pelvis, ventral 
to the sacrum, but move into the abdomen due to increasing 
growth of the caudal end of the embryo and come to lie fur-
ther apart at the level of the twelfth thoracic segment. They are 
supplied by successively higher arteries from the aorta. Most 
kidneys have only one artery, but there may be two or more. 
As the kidney becomes higher in position, it rotates medially 
by 90° so that the hilum faces anteromedially. Fetal kidneys 
are subdivided into lobes that usually disappear during infancy 
but occasionally can still be detected in adulthood.

The rest of the bladder and the urethra are largely derived 
from the urogenital sinus and adjacent splanchnic mesen-
chyme. The urogenital sinus develops in weeks 6 to 7 when 
the terminal part of the hindgut or cloaca is divided by down-
growth of the urorectal septum. The dorsal part forms the 
anorectal canal; the ventral portion has a cranial vesicoure-
thral canal, which is continuous with the allantoic duct and 
receives the mesonephric ducts, a narrow middle pelvic por-
tion and a caudal phallic section closed externally by the uro-
genital membrane. Initially the ureters and mesonephric ducts 
are connected. However, differential growth rates cause the 
caudal end of the mesonephric ducts to be incorporated into 
the developing bladder, and the ureters open laterally to the 
ducts (Fig. 32.I.1). The caudal end of each mesonephric duct 
becomes incorporated into the developing bladder to form the 
trigone, while the mesonephric duct in males opens into that 
part of the urogenital sinus that forms the prostatic urethra. 
The apex of the vesicourethral canal connects with the umbili-
cus via the allantois. Later, the allantois regresses and forms a 
fibrous cord, the urachus, that becomes the median umbilical 
ligament. The lower end of the allantois may remain patent and 
retain its connection with the bladder’s apex.

The urethra in females is formed completely from the vesi-
courethral region of the cloaca. In males this area contributes 

to the proximal portion of the prostatic urethra, and the uro-
genital sinus contributes to the distal half of the prostatic 
urethra and to the membranous urethra. The developmental 
periods that correspond with specific malformations of the 
urinary tract are shown in Table 30.I.2.

MOLECULAR EMBRYOLOGY

Different genes are involved at one or more of the six stages of 
renal development:  induction of the ureteric bud outgrowth 
by mesenchymal signals, initial branching of the bud, itera-
tive branching and growth of the collecting ducts, cortico-
medullary patterning to produce the renal pelvis and calyces, 
mesenchymal differentiation, and mesenchymal-epithelial 
transformation.9

Ureteric bud outgrowth occurs in response to inductive 
signals from the metanephric blastema mediated by tran-
scriptions factors including WT1 and signaling molecules 
such as GDNF and its receptor, RET.10 Expression of RET 
in the epithelium of the mesonephric duct, then at the tips 
of the ureteric buds, appears to be activated downstream 
of GATA3 and CTNNB1 signaling. To restrict ureteric bud 
formation to the appropriate site, RET signaling is inhibited 
along the caudal mesonephric bud by factors expressed in 
the metanephric mesenchyme, such as BMP4. Branching 
morphogenesis is dependent on GDNF, as well as FGF and 
WNT signaling. Corticomedullary patterning to produce the 
renal pelvis and calyces is under the control of BMP5, BMP7, 
FGF7, and AGT and their receptors, and may be mediated 
by cell surface proteins such as GPC3. Mesenchymal dif-
ferentiation requires inductive signaling from the ureteric 
bud and involves WT1 and PAX2. PAX2 is expressed in 
the induced mesenchyme and may be important in main-
taining expression of WT1. The mesenchymal-epithelial 
transformation that results in production of metanephric 
vesicles goes through a series of steps; WT1, EYA1, WNT4, 
and BF2 are important genes in this process, while PAX2 is 
downregulated.9

Less is known about the genes involved in formation of 
the lower urinary tract. HOXA-13, HOXD-13, SHH, SALL1, 
and GLI proteins are involved in partitioning of the cloaca and 
formation of the resulting structures.11 Other genes involved 
in bladder development include GATA-6 and BMP5, which 
is mutated in the short-ear (se) mouse. Homozygous se mice 
have reduced contractility or diameter of the ureter or vescico-
ureteral junction leading to hydronephrosis.12 In the nascent 
bladder, SHH secreted from the urothelium signals through 
GLI2 and activates BMP4 in adjacent mesenchyme.13 This 
appears to regulate patterning of the mesenchyme and pro-
mote smooth muscle induction.14

Given the large number of genes involved in urinary tract 
development, it is not surprising that there are many single 
gene disorders that have renal or lower tract anomalies as 
phenotypic consequences. In addition, it is likely that genetic 
variation throughout the genome contributes to risk, as is 
documented by the high frequency of copy number variants 
identified in patients with congenital anomalies of the kidney 
and urinary tract.15
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TABLE 30.I .2  Timing of embryological Development and related Urinary Tract anomalies

DeVelOPMenTal PrOceSS TiMinG (WeeKS) anOMaly

Development of cloaca 3 Bladder agenesis, duplication, hypoplasia, septation

Formation of ureteric bud 4–5 Renal agenesis, supernumerary kidney

Induction of metanephric blastema 4–5 Renal agenesis, supernumerary kidney

Failure of blastema to remain separate 4–6 Horseshoe kidney, fused pelvic kidney, crossed renal ectopia

Initiation of ureteric bud branching 5 Renal agenesis, hypoplasia dysplasia; supernumerary kidney;  
duplication of renal pelvis

Septation of cloaca 5–7 Urorectal anomalies, persistent cloaca, urethral duplication (females)

Exstrophy of ureters into urogenital sinus 5–6 Ureteric orifice ectopia, reflux, hydroureter, hydronephrosis

Rupture of urogenital membrane 6 Urethral atresia, posterior urethral valves

Recanalization of ureters 6 Ureteral stenosis, hydronephrosis

Cephalad migration and rotation of kidneys 6–9 Crossed renal ectopia, fused pelvic kidney, renal malrotation

Development of renal pelvis and major calyces 6–11 Duplication of renal pelvis, duplication of ureters

Trigone formation 7 Ureterocele, megaloureter, posterior urethral valves

Bladder innervation and muscularization 7–12 Aganglionic, flaccid bladder, bladder diverticula

Nephronogenesis 8–32 Renal dysplasia, polycystic kidneys, renal hypoplasia, glomerulopathies

Involution of urachus 10–12 Patent urachus, umbilical sinus, vesical sinus, urachal cyst

Outgrowth of genital tubercle and fusion  
of urethral groove

10–12 Duplication, atresia, stenosis of urethra, epispadias (males),  
Prune Pelly syndrome, renal dysplasia secondary to obstruction

Development of glandular urethra (males) 12–14 Urethral stenosis or atresia, hypospadias (males)

Formation of minor calyces, collecting tubules, 
papillary ducts

14–15 Medullary cystic disease, nephronophthisis, medullary sponge kidney

Corticomedullary patterning, nephron growth, 
collecting tubule attachment

20–22 Renal hypoplasia, polycystic kidney, hydronephrosis,  
hydroureter, nephromegaly
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30.1 renal aGeneSiS

(Absent Kidney, Aplastic Kidney)

Definition: Complete absence of one or both kidneys (unilateral or bilateral renal agenesis).

ICD9/ICD10: 753.0/Q61.1 Syndrome Associations (Appendix)
Acro-renal disorders (e.g. SALL1, SALL4)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Branchio-oto-renal (EYA1, SIX5)
CAKUT (DSTYK)
CHARGE (CHD7)
Finlay-Marks (KCTD1)
Fraser (FRAS1)
Fanconi (FANC genes)
Goltz (PORCN)
Kallman (KAL1)
Lenz microphthalmia (NAA10)
Neu-Laxova (PHGDH)
Renal hypodysplasia/aplasia (probably many loci 
including ITGA8, RET, FGF20)
Smith-Magenis (microdeletion 17p11.2)
Smith-Lemli-Opitz (DHCR7)
X-linked laterality defects (ZIC3)
Caudal dysgenesis
Cloacal dysgenesis
Tracheal agenesis association
Urogenital adysplasia, including MURCS, 
Mayer-Rokitansky-Küster-Hauser and 
Herlyn-Werner-Wunderlich
VACTERL
Chromosomal (many, especially del 4p, trisomy 13, 
trisomy 18, ring 13, triploidy, 45,X)
del 22q11.2
Prenatal alcohol, cocaine, misoprostol, thalidomide, 
trimethodione, warfarin exposure
Maternal diabetes

Birth prevalence: bilateral ~1/6000—1/8000; unilateral 
~1/1000–1/2000

Associated anomalies: other genitourinary; caudal 
anomalies (e.g., imperforate anus, cloacal defects, 
lower limb anomalies), neural tube defects, radial 
ray defects, vertebral anomalies, foregut defects (e.g., 
tracheoesophageal fistula), single umbilical artery, almost 
all other systems can be involved in syndromal cases; 
deformations due to oligohydramnios in bilateral cases

Laboratory studies: karyotyping, genomic microarray, 
targeted molecular analysis, abdominal ultrasonography, 
CT, MRI, radionuclide scanning, cystoscopy

Prenatal diagnosis: oligohydramnios can present as early 
as 14-16 weeks, but is due to renal failure in only ~50% of 
cases, amnio-infusion and maternal serum AFP (usually 
normal in renal agenesis) can help differentiate renal 
anomalies from amniotic fluid leakage; ultrasonography 
to detect unilateral renal agenesis and associated 
malformations

Cause:
Isolated—often sporadic, AD with reduced penetrance, 
AR, multifactorial
Complex—chromosomal, Mendelian (AD, AR, XL), 
environmental

Bilateral renal agenesis presents with severe oligohydramnios. 
Stillbirth is common as are premature birth and low birth 
weight. Liveborn infants present with respiratory distress due 
to pulmonary hypoplasia, anuria, nonpalpable kidneys, and 
the physical features characteristic of Potter syndrome includ-
ing apparent hypertelorism, infraorbital creases, flattened nasal 
tip, hypoplastic mandible, enlarged and posteriorly rotated 
ears, redundant dry skin, genu varum, talipes, and metatarsus 
adductus (Fig. 30.1.1). Unilateral renal agenesis may be discov-
ered by abdominal examination with enlargement or ectopic 
location of the remaining kidney, by ultrasound screening, or 
by investigation due to genitourinary tract symptoms. Many 

individuals remain asymptomatic and are identified serendipi-
tously by ultrasound examination or at the time of abdominal 
surgery or autopsy. A high frequency of the remaining kidneys 
have anomalies e.g. reflux, and ureteropelvic and ureterojunc-
tional obstruction1, but this may be biased by easier ascer-
tainment of patients with complications.2 Failure to palpate a 
kidney on one side may not be due to unilateral agenesis, but 
to crossed renal ectopia or pelvic kidney. Crossed ectopia of a 
single kidney can also occur.

Associated congenital defects are common, especially in 
bilateral cases, and can involve contiguous structures in the 
renal developmental field, for example absence of the ureters 
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and hypoplasia, atresia, or absence of the bladder; organs out-
side the field; and deformations resulting from oligohydram-
nios. There is a high frequency of internal genital defects in 
both sexes. Males are usually cryptorchid, and penile agenesis 
or penoscrotal transposition may also be seen. Anomalies of 
contiguous developmental fields include anal atresia, malrota-
tion, Meckel diverticulum, and lumbosacral vertebral defects. 
The ipsilateral adrenal gland is usually present in its usual posi-
tion when a kidney is absent, but often takes on a more rounded 
shape (Fig. 30.1.2). Noncontiguous anomalies are common 
and include limb deficiencies, tracheal agenesis, esophageal or 
duodenal atresia, cleft lip and/or palate, hydrocephalus, and 
other structural brain malformations. Pulmonary hypoplasia 
with arrest of alveolar development at the 12-week to 16-week 
developmental stage occurs with severe oligohydramnios.

The incidence of a unilateral missing kidney is approxi-
mately 1 in 2,000, but higher in adults and at postmortem 
examination (due in part to involution of a small dysplastic 
kidney rather than true agenesis).1 Absence of the left kidney 
is slightly more common. Population studies have estimated 
the incidence of bilateral renal agenesis to be around 1/6,000 
to 1/8,000. Both unilateral and bilateral renal agenesis show a 
significant excess of males (65–70 percent). Renal agenesis is 
more common in twins. Monozygous twins are often discor-
dant; pulmonary function is maintained in the affected mem-
ber of a discordant monoamniotic pair, often delaying death 
due to renal failure.3

Treatment: No effective treatment for bilateral renal agenesis 
is currently available. The remaining kidney is anomalous in 
30-50 percent of individuals with unilateral renal agenesis who 
come to medical attention.1,4 Such problems can include ecto-
pia, pyelonephritis, ureteral pelvic junction obstruction, stone 

formation and renal dysplasia. Treatment of these problems is 
symptomatic, but it should be noted that renal failure is much 
more common in congenital agenesis than in single kidneys 
remaining after unilateral nephrectomy.5 Solitary kidneys even 
when structurally normally usually undergo compensatory 
hypertrophy and ureteral dilation and vesicoureteral reflux 
are common. These enlarged kidneys may be more prone to 
traumatic injury and it is recommended that individuals with 
a single kidney not take part in contact sports or other activi-
ties that place the organ at risk of damage. Given the high 
frequency of this malformation, it is imperative that the pres-
ence of two kidneys is confirmed before nephrectomy or renal 
biopsy is considered.

Prognosis: Bilateral renal agenesis is a uniformly fatal dis-
order. Survival in those with unilateral agenesis will depend 
on the function of the remaining kidney and the severity of 
associated malformations. Both bilateral and unilateral renal 
agenesis are etiologically very heterogeneous. “Isolated” renal 
agenesis has often been considered a multifactorially inherited 
anomaly with a relatively low (~1-5 percent) chance of recur-
rence in first degree relatives. However, counseling is com-
plicated by the fact that some families presenting with renal 
agenesis and/or cystic dysplasia, often accompanied by genital 
duct anomalies, have hereditary conditions variously termed 
renal hypodysplasia/aplasia, urogenital dysplasia and con-
genital anomalies of the kidney and urinary tract (CAKUT).6-8 
A specific association of note is that between unilateral renal 
agenesis and congenital absence of the vas deferens. Such 
males may not have a higher frequency of CFTR mutations 
as was once thought, but their offspring may be at increased 
risk for bilateral renal agenesis.9 Thus renal ultrasound 
examinations of first-degree relatives and, when indicated,  

Fig. 30.1.1 Oligohydramnios dysmorphism (Potter syndrome) in bilateral  
renal agenesis. (Reprinted with permission from Dimmick JE, Kalousek DK, 
eds: Developmental Pathology of the Embryo and Fetus. JB Lippincott, 
Philadelphia, 1992.) Fig. 30.1.2 Bilateral renal agenesis at autopsy in a day-old male infant. Note the 

aberrant shape of the adrenals.
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second-degree relatives may be appropriate, even in isolated 
cases.10-11 Relatives should also be examined carefully for subtle 
signs of syndromal disorders such as preauricular tags or deaf-
ness in branchiootorenal syndrome.
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30.2 renal hyPOPlaSia

(Small Kidney, Oligomeganephronia, Oligonephronic Hypoplasia)

Definition: Congenitally small kidney less than 50 percent of the expected weight for age, but lacking abnormal parenchymal 
differentiation (renal dysplasia) or evidence of acquired disease.

ICD9/ICD10: 753.0/Q60.5 Syndrome Associations (Appendix)
Acro-renal disorders (SALL1, SALL4)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1 )
Branchio-oto-renal (EYA1, SIX5)
CAKUT (DSTYK)
CHARGE (CHD7)
Coffin-Siris (SMARCB1, SMARCA4, SMARCA2, 
ARID1A, ARID1B)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Cutis mamorata telangiectatica
Finlay-Marks (KCTD1)
Frasier (WT1)
Familial glomerulocystic disease (TCF2)
Hypoparathyroidism-deafness-renal dysgenesis 
(GATA3)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
Pallister-Hall (GLI3)
Papillorenal
Renal-coloboma (heterogenous, some PAX2)
Renal cysts-diabetes (HNF1B)
Rubinstein-Taybi (CREBBP)
Williams (ELN, del 7q11.23)
Trisomy 21
del 4p
Maternal diabetes
Prenatal alcohol, cocaine, thalidomide exposure

Birth prevalence: 1/400

Associated anomalies: other urinary tract anomalies, 
coloboma, limb deficiency defects

Laboratory studies: chromosome analysis, renal biopsy, 
radiography, excretory urography

Prenatal diagnosis: ultrasonography may show decreased 
kidney length, but frequently unreliable

Cause: Isolated—usually sporadic, occasionally Mendelian 
(AD, AR); Complex—Mendelian (AD, AR, XLR), 
chromosomal, environmental
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Bilateral renal hypoplasia causes chronic renal failure in child-
hood. About half of older individuals with unilateral renal 
hypoplasia present with lumbar pain, hematuria, urinary 
frequency, and/or hypertension.1 Renal hypoplasia is usually 
associated with a marked reduction in the number of renal 
lobes from eight to 10 to five or less, indicating a potential 
anomaly in ureteric bud branching and a concomitant fail-
ure to induce an adequate response of mesenchymal differen-
tiation, or a primary deficiency in the metanephric blastema.2 
Reduction in renal lobes can be shown by radiological exami-
nation after using contrast medium to fill the pelvicalyceal 
cavity. Histological examination of the hypoplastic kidney is 
often required to exclude signs of dysplasia or infection and 
will help to distinguish the two main forms of renal hypopla-
sia, which are simple hypoplasia and oligomeganephronia. 
In simple hypoplasia the number of renal lobes is reduced to 
as few as one. The renal parenchymal tissue is normally dif-
ferentiated but is reduced in volume. In oligomeganephronia 
there is a significant reduction in both the number of lobes 
and renal mass. Occasionally only one or two renal pyra-
mids are present. Histologically, there is a reduced number 
of nephrons that show individual hypertrophy such that the 
glomeruli are enlarged and tubular dilatation is present (Fig. 
30.2.1). Symptoms include polyuria, polydipsia, urine concen-
tration, salt wasting, and proteinuria. Vomiting, dehydration, 
fever, and growth retardation may also occur and often bring 
the child to medical attention in the first two years of life. The 
gradual onset of focal glomerular sclerosis, tubular atrophy, 
and interstitial fibrosis ultimately leads to chronic renal failure.

Unlike hypoplastic cystic dysplasia, renal hypoplasia is 
not normally associated with ureteral or other urinary tract 

anomalies, indicating a more localized defect in renal devel-
opment. It may, however, be associated with hydronephrosis 
due to vesicoureteral reflux. This is usually a sporadic disor-
der, which helps differentiate it from familial juvenile neph-
ronophthisis, an autosomal recessive disorder with a usually 
later age of onset (Entry 30.6). Heterozygous PAX2 gene 
mutations may occasionally cause apparently isolated renal 
hypoplasia or oligomeganephronia representing variable 
expression of the renal-coloboma syndrome; RET, BMP4, 
and SIX2 mutations may also cause isolated renal hypopla-
sia.3 An autosomal dominant form of small smooth kidneys 
with progressive renal failure has been reported4. Renal 
hypoplasia also occurs in several complex disorders includ-
ing chromosomal disorders and Mendelian syndromes.3,5-9 
Oligomeganephronia is usually sporadic and isolated. It has 
been seen in a form of acrorenal defects with limb deficien-
cies and with 4p deletions.5,8 Hypoplastic kidneys may also 
occur in patterns of malformations resulting from teratogenic 
exposures.3

Approximately 75  percent of simple renal hypopla-
sia cases are unilateral.10 The overall prevalence from 
autopsy data is ~1/400 but higher in younger age groups.10,11 
Oligomeganephronia is usually bilateral but is occasionally 
seen with in association with unilateral renal agenesis.12 It 
occurs more often in males (sex ratio 3:1).13

Treatment: No specific treatment other than dialysis and 
renal transplantation is available. Nephrectomy can be con-
sidered for symptomatic unilateral hypoplasia. However, it is 
imperative that adequate function in the contralateral kidney 
is established, as hypoplastic kidneys do not have the ability to 
undergo compensatory hypertrophy.

Prognosis: Bilateral renal hypoplasia is a severe disorder 
leading to renal failure in childhood or adolescence. In the 
absence of a recognized genetic disorder the recurrence risk is 
low, but families could be offered fetal monitoring prenatally to 
look for reduced renal size and associated anomalies.
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30.3 aUTOSOMal receSSiVe POlycySTic KiDney DiSeaSe

(Infantile Polycystic Kidney Disease, Potter Type I, Congenital Hepatic Fibrosis with Renal Tubular Ectasia, Perinatal, Neonatal, 
Infantile, and Juvenile Polycystic Kidney Disease)

Definition: Large kidneys with medullary ductal ectasia and conical cysts, associated with hepatic fibrosis and inherited in an 
autosomal recessive manner.

ICD9/ICD10: 753.14/Q61.19 Syndrome Associations (Appendix)
None

Birth prevalence: varies considerably between 
populations, 1/6,000–1/100,000

Associated anomalies: rare, very occasional pancreatic 
and lung cysts, berry aneurysms

Laboratory studies: molecular testing for PKHD1, 
FGF2 levels as a marker for progression of renal disease, 
ultrasonography, intravenous urography

Prenatal diagnosis: ultrasonography shows 
oligohydramnios and enlarged kidneys in severe cases, 
less reliable in mild cases, MRI, molecular testing for 
PKHD1 mutations

Cause: Mendelian (AR)

Autosomal recessive polycystic kidney disease (ARPKD) is 
highly variable and has been divided into perinatal, neonatal, 
infantile, and juvenile types (Table 30.3.1), although this rep-
resents a spectrum of disease rather than discrete subtypes.1-3 
In general, the earlier the patient is identified the more severe 
is the renal impairment; older patients present with hepatic 
fibrosis and biliary cirrhosis rather than renal insufficiency. 
Intrafamilial variability can occur. Prenatally, large echogenic 
kidneys and oligohydramnios with related findings such as 
club feet, small thorax, and micrognathia can be observed. 
Affected neonates usually present with respiratory distress 
due to pulmonary hypoplasia and pneumothorax. Surviving 

infants can have enlarging kidneys and progressive renal insuf-
ficiency with variable hepatic involvement. In older individu-
als, renal cysts tend to be fewer in number but larger and more 
spherical. Papillary and medullary ectasia are constant find-
ings, giving a radiological appearance with intravenous urog-
raphy that is indistinguishable from medullary sponge kidney. 
Hepatic cirrhosis and portal hypertension with variceal bleed-
ing are more frequent initial findings than renal insufficiency 
in this age group. Ultrasound examination in severe cases dem-
onstrates generalized enlargement of both kidneys, increased 
cortical echogeneity with absent corticomedullary differentia-
tion, and tiny cortical cysts. On pathological examination the 

TABLE 30.3.1  clinical Presentation of autosomal recessive Polycystic Kidney Disease

POlycySTic KiDneyS hePaTic FiBrOSiS

TiMe OF PreSenTaTiOn PerinaTal neOnaTal inFanTile JUVenile

Proportion of dilated renal tubules >90% ~60% ~20% <10%

Extent of periportal fibrosis Minimal Mild Moderate Severe

Survival time Hours Months Years 50 or more years

Clinical presentation Potter sequence, severe 
oligohydramnios

Mild Potter sequence 
decreased renal function

Renal function decreased 
more than liver function

Decreased liver function, 
mild renal impairment

Modified from Blyth and Ockenden2 and Zerres et al.3

◄� ►



796 |  h U M a n  M a l F O r M aT i O n S  a n D  r e l aT e D  a n O M a l i e S

kidneys show symmetrical and bilateral enlargement, but there 
is usually retention of normal renal shape and lobulation (Fig. 
30.3.1). The cut surface displays diverticular, saccular, and cys-
tic ectasia of the collecting system with radially elongated cor-
tical cysts (Fig. 30.3.2). The liver histology consists of a variable 
increase in fibrous connective tissue and proliferation of the 
bile ducts, with the ducts forming a ring of interconnecting sacs 
in the portal zone suggesting an arrest of normal development.

Structural anomalies of organs other than the kidney and 
liver are unusual in ARPKD4. The mutated gene product, fibro-
cystin, is only expressed in adult kidney, liver, and pancreas, 
and in fetal kidney.1

The frequency of ARPKD varies considerably between 
populations. Using Hungarian data, Zerres et  al. reached an 
estimate of 1 in 40,000 births including patients with milder 

manifestations, while Martinez-Frias et al. found an incidence 
of 1 in 70,000 in Spain.3,5 Higher figures have been reported.6 
Patients can be homozygous for one of several truncating or 
missense mutations, or compound heterozygotes. Those with 
truncating mutations have a more severe phenotype. Despite 
differences in presentation and wide geographical distribution, 
no genetic heterogeneity has been demonstrated. Presumably 
the high incidences in specific populations are due to a founder 
effect with respect to specific alleles. Phenotypic variation 
likely results from allelic diversity.1

Treatment: Infants who present early but survive the neonatal 
period may be able to be maintained on dialysis until 9–12 months 
of age when kidney transplantation will ameliorate the renal 
symptoms, although the hepatic fibrosis may continue to worsen. 
Not all who present in the first month of life develop severe dis-
ease, and many survive into later childhood and adulthood.7,8 
Hypertension, when present, requires appropriate therapy.

Prognosis: ARPKD is frequently lethal in the perinatal 
period. Infants who survive may have little evidence of renal 
insufficiency at first, but often develop progressive renal fail-
ure unless the kidney involvement is mild. In older children 
and adults, hypertension is common due to hepatic fibrosis 
and may cause splenomegaly, ascites, and esophageal varices. 
Given the autosomal recessive inheritance pattern, there is a 
25 percent chance of recurrence risk in sibs. As the phenotype 
may vary within families, sibs of an affected individual should 
be investigated with ultrasound to assess renal and hepatic 
function and appearance. Parents should also be evaluated 
to exclude autosomal dominant polycystic kidney disease. 
Prenatal molecular testing is available but ideally requires con-
firmation of the diagnosis in a previous sib, if necessary using 
DNA extracted from stored paraffin-embedded tissue samples 
or parental mutation analysis.9,10
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Fig. 30.3.2 Autosomal recessive polycystic kidney disease. Cut sections of 
kidney are from the same patient as Fig. 30.3.1.

Fig. 30.3.1 Autosomal recessive polycystic kidney disease. Gross appearance of 
the kidneys at autopsy in a newborn female.
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30.4 aUTOSOMal DOMinanT POlycySTic KiDney DiSeaSe

(Adult Polycystic Kidney Disease, Potter Cystic Disease Type III)

Definition: Cystic disease of the renal medulla and cortex caused by at least two different autosomal dominant genes with 
variable expressivity.

ICD9/ICD10: 753.1/Q61.2 Syndrome Associations (Appendix)
None

Birth prevalence: ~1/1000

Associated anomalies: medullary sponge kidney; cysts in 
abdominal viscera, cardiovascular defects

Laboratory studies: renal function studies, linkage 
analysis, molecular testing for PKD1, PKD2, 
ultrasonography, CT, MRI

Prenatal diagnosis: ultrasonography not always reliable, 
gene sequencing if mutation is known

Cause: autosomal dominant mutations in PKD1, PKD2 
and potentially at a third locus

Patients with autosomal dominant polycystic kidney dis-
ease (ADPKD) usually become symptomatic between 30 and 
50  years of age. They have bilaterally enlarged kidneys with 
thin-walled spherical cysts, ranging in size from several mil-
limeters to several centimeters, in nephrons and collecting 
tubules (Fig. 30.4.1). Abdominal ultrasound shows enlargement 

of the kidneys and cysts in the kidneys, liver, and other organs. 
Common clinical symptoms include headache, nausea, hema-
turia, flank or low back pain, nocturia, and dysuria. Physical 
findings include hypertension, peripheral edema, abdominal 
tenderness, hepatomegaly, and palpable or enlarged kidneys. 
Rupture of a berry aneurysm may occasionally be a present-
ing finding in a patient without obvious renal disease. Urinary 
tract infection or hematuria may be the presenting symptom 
in childhood,1 or cysts may be detected serendipitously during 
investigations for other anomalies. ADPKD occasionally pres-
ents in fetal or infant life with large cystic kidneys and oligohy-
dramnios and thus may mimic autosomal recessive polycystic 
kidney disease or multicystic dysplasia.

Liver involvement including cysts, Caroli’ disease, and 
fibrosis is seen in approximately 50  percent of patients and 
increases with age and severity of renal disease.2 Cystic involve-
ment of the pancreas, spleen, lungs, ovaries, uterus, and esoph-
agus may also occur. Cardiovascular abnormalities other than 
hypertension, such as mitral valve prolapse and regurgitation, 
are also increased.3 Berry aneurysms of the cerebral arteries 
are reported in 10 percent to 35 percent of affected individuals. 
Abdominal aortic aneurysms are also more common, espe-
cially in patients requiring hemodialysis. These findings are 
all pleiotropic effects of the gene mutations. The association of 
alpha thalassemia and tuberous sclerosis type 2 to ADPKD is 
due to close linkage to PKD1 at 16p13.3. Co-occurrence with 
other conditions may be due to related pathogenetic mecha-
nisms or a chance finding due to the relatively high frequency 
of ADPKD.

The incidence of ADPKD has been estimated to be 
between one in 1,000 and one in 4,000 depending on the pop-
ulation studied and the inclusion of family members as well 
as index cases.4 In autopsy series, ADPKD occurs in one in 
approximately 500 cases. Approximately 6 percent of patients 

A

B

Fig. 30.4.1. Autosomal dominant polycystic kidney disease. A: Gross 
appearance of the kidney at autopsy in a 50-year-old man. B: Liver from the 
same patient. (Reprinted with permission from Jennette JC, Olson JL, Schwartz 
MM, et al., eds.: Heptinstall’s Pathology of the Kidney, ed 5. Lippincott 
Williams & Wilkins, Philadelphia, 1998.)
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entering dialysis and transplantation programs have ADPKD. 
ADPKD is a genetically heterogeneous autosomal dominant 
disorder. The most frequent locus, PKD1 at 16p13.3, accounts 
for 85 percent of families. The second locus, PKD2 at 4q21-23, 
accounts for a further 10  percent of patients. The products 
of each gene modify those of the other, with PKD1 requir-
ing PKD2 for stable expression. There are a few families that 
do not appear to map to either chromosome 16 or chromo-
some 4; thus other PKD loci potentially exist. However, some 
instances of lack of linkage may be due to genotyping errors, 
sample mix-ups, nonpaternity, misdiagnosis, or independent 
mutations for PKD1 or PKD2 segregating in the same family. 
Cumulative survival rates show no difference between males 
and females with respect to the development of end stage renal 
disease. However, the disease may proceed more rapidly in 
males, with the onset of renal failure earlier than in females.5

Treatment: Most patients with ADPKD can be medically 
managed with careful attention to their risk for hypertension, 
urinary tract infections, nephrolithiasis, renal failure, and 
intracranial aneurysms, and several new therapeutic agents 
are being evaluated.6 Clinical problems that may require surgi-
cal intervention include severe bleeding, uncontrollable infec-
tion, symptomatic stone disease not amenable to lithotripsy, 
malignancy, and uncontrollable hypertension. When renal 
failure develops, it can be managed with hemodialysis and 
kidney transplantation. Transplantation will not prevent other 
complications of ADPKD, most notably berry aneurysm of the 
cerebral arteries. Molecular testing should precede transplan-
tation from family members younger than 30  years, as cysts 
may occasionally not be found on ultrasound in this age group.

Prognosis: ADPKD-affected individuals from an extended 
family tend to have a similar age of onset and clinical course, 
but there are exceptions. Although penetrance is essentially 
complete by 80 years, many asymptomatic patients have nor-
mal life spans.7 With the availability of molecular testing it has 
become apparent that mutations in PKD1 cause a somewhat 
more severe disorder than mutations in PKD2, and affected 
individuals are more likely to develop hypertension; how-
ever, ADPKD due to PKD2 mutations cannot be considered a 

benign disease.8 The most frequent causes of death in ADPKD 
are renal failure, cerebral aneurysm, and heart failure associ-
ated with chronic hypertension. The renal prognosis is worse 
in individuals whose unaffected parent has essential hyperten-
sion, indicating a multifactorial component.9 Early detection, 
careful medical management, and genetic counseling may 
improve outcome in affected family members. Ethical issues 
surrounding presymptomatic carrier detection in healthy 
children and family members not wishing to know their car-
rier status should be considered before investigating families. 
The uptake of presymptomatic ultrasound screening was high 
among at-risk individuals in one study,10 and many stated 
that the diagnosis had influenced their reproductive plans. 
However, the demand for prenatal diagnosis was very low. 
Although fetal renal enlargement in ADPKD is common, pre-
natal diagnosis by ultrasound is not always reliable.11
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30.5 renal DySPlaSia

(Potter Type IIA or IIB, Multicystic Dysplasia, Dysgenetic, Aplastic or Rudimentary Kidney, Solid Cystic Dysplasia, Segmental 
Dysplasia)

Definition: Aberrant development of renal parenchyma due to abnormal metanephric differentiation characterized histologi-
cally by the presence of primitive ducts and nests of metaplastic cartilage.

ICD9/ICD10: 753.0/Q61.4 Syndrome Associations (Appendix)
Alagille (JAG1, NOTCH2)
Barakat (GATA3)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Branchiootorenal (EYA1, SIX5)
CAKUT (DSTYK)
Caudal and cloacal dysgenesis
Facio-auriculo-vertebral
Fanconi (FANC genes)
Glutaric aciduria Type II (several loci)
Lenz microphthalmia (NAA10)
Meckel
McKusick-Kaufman (MKKS)
Pallister-Killian (tetrasomy 12p)
Renal cysts and diabetes (TCF2)
Renal hypodysplasia/aplasia (many loci including 
ITGA8, RET, FGF20)
Renal-retinal (NPHP1)
Simpson-Golabi-Behmel (GPC3, OFD1)
Townes-Brocks (SALL1)
Urogenital adysplasia including MURCS
VACTERL
Von Hippel-Lindau (VHL)
del 22q11.2
Chromosomal (many, especially Trisomy 7, Trisomy 9, 
Trisomy 13, Triploidy, 45,X)
Prenatal alcohol, carbamazepine exposure
Maternal diabetes

Birth prevalence: ~1/2500, probably more common as 
mild cases are asymptomatic.

Associated anomalies: other urinary tract, genital, 
cardiovascular and central nervous system defects; 
imperforate anus; tracheoesophageal fistula; almost 
all other systems can be involved in complex cases; 
deformations due to oligohydramnios in those with severe 
bilateral involvement

Laboratory studies: renal function studies, karyotype, 
genomic microarray, targeted molecular studies for 
complex cases, ultrasonography including Doppler 
for renal artery function, intravenous pyelography is 
unreliable when the kidney is severely dysplastic

Prenatal diagnosis: ultrasonography, other investigations 
as indicated by associated malformations; in some cases, 
maternal serum α-fetoprotein levels may be elevated

Cause: Isolated—often sporadic, AD with reduced 
penetrance, AR, multifactorial; Complex—chromosomal, 
Mendelian (AD, AR, XL), environmental

Renal dysplasia can present as normal sized or enlarged kid-
neys with multiple cysts (Fig. 30.5.1), small kidneys with few 
cysts, or rudimentary nubbins of disorganized tissue. It can 
be diffuse, segmental, or focal. Clinical signs and symptoms 
and age of presentation are usually determined by the severity 
of renal dysplasia or associated major malformations. Severe 
dysplasia presents prenatally in a similar fashion to renal agen-
esis (Entry 30.1). Milder forms may be detected with prenatal 
ultrasound. Clinical symptoms in infants and children include 
anuria, oligouria, polyuria with polydipsia, hematuria, hyper-
tension, uremia, back pain, growth delay, and chronic or pro-
gressive renal failure.1 Unilateral cases are often asymptomatic 
but may cause pain, abdominal distension, or gastrointestinal 

tract obstruction.2 Renal dysplasia is the most common cause 
of an abdominal mass at birth. Segmental dysplasia may be 
clinically silent.

Other urinary tract defects are present in over 90 percent 
of cases.3 When only one kidney is dysplastic, the other kid-
ney and ureter may be absent or show milder changes such 
as ureteral stenosis. Other anomalies of the contralateral side 
include renal hypoplasia, hydronephrosis, ureterocele, or 
ectopic ureters. Genital anomalies are common. Anomalies 
of noncontiguous structures occur in approximately 50  per-
cent of those with bilateral renal dysplasia and about 15 per-
cent of those with unilateral involvement.4 Many form part of 
a developmental field defect or syndrome, as a large number 
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of complex disorders involve renal dysplasia. Cardiovascular 
anomalies, central nervous system defects, imperforate anus, 
tracheoesophageal fistula, and radial ray defects are frequent. 
Cysts in other parenchymatous organs are not usually seen, but 
congenital hepatic fibrosis occasionally occurs. Chromosomal 
defects are found in approximately 5 percent of fetuses diag-
nosed with multicystic renal dysplasia, but in a higher propor-
tion of those diagnosed prenatally.4,5

The incidence of renal dysplasia is difficult to determine, 
as cases may be asymptomatic or the defect may be grouped 
with renal agenesis. Population studies indicate a frequency 
of multicystic dysplasia of approximately 1/2,500 to 1/3,500.4,6 
In total populations, approximately 70  percent of cases are 
unilateral, but this drops to 50  percent in autopsy series.4,7 
As with renal agenesis, the left side is preferentially involved. 
Approximately twice as many males as females are affected, 
but affected females are more likely to have bilateral involve-
ment and syndromal disorders, including chromosomal 
defects.8

Treatment: Surviving children with bilateral dysplasia fall 
into two groups based on their glomerular filtration rates; they 

may go on to end-stage renal failure or improve over time and 
not require dialysis or transplantation.9 Removal of a unilateral 
dysplastic kidney may not be necessary in the absence of clini-
cal symptoms. Appropriate management is an initially conser-
vative approach using imaging to rule out reflux, then serial 
ultrasounds to assess renal size, as complete involution of the 
dysplastic kidney frequently occurs.10 Tumors may arise in the 
dysplastic kidney. The most important of these with respect to 
monitoring is Wilms tumor.

Prognosis: Severe bilateral disease usually leads to fetal or 
neonatal death. For surviving individuals, progressive dete-
rioration in renal function is the usual course when dysplas-
tic changes are bilateral or when there is contralateral renal 
agenesis or hypodysplasia. For those with unilateral defects, 
prognosis largely depends on the type and severity of asso-
ciated anomalies. Although isolated dysplasia is usually 
sporadic, familial recurrence has been reported. Renal ultra-
sound examinations of relatives may be indicated to exclude 
variable expression of an autosomal dominant disorder such 
as Congenital Anomalies of the Kidneys and Urinary Tract 
(CAKUT, OMIM 610805)  or Renal hypodysplasia/aplasia 
(RHDA, OMIM 191830). One locus appears to map to 6p, 
while heterozygous BICC1 mutations may also predispose to 
cystic dysplasia.
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Fig. 30.5.1 Bilateral multicystic renal dysplasia. Note the ureteral atresia.
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30.6 FaMilial nePhrOnOPhThiSiS/MeDUllary cySTic DiSeaSe

Definition: Shrunken kidneys with cysts at the corticomedullary boundary associated with chronic renal failure.

ICD9/ICD10: 753.1/Q61.5 Syndrome Associations (Appendix)
Alström (ALMS1)
Arima
Bardet-Biedel (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
COACH
Cranioectodermal dysplasia (IFT43)
Ellis-van Creveld (EVC, EVC2)
Jeune
Joubert (INPP5E, TMEM216, AHI1, NPHP1, CEP290, 
TMEM67, RPGRIP1L, ARL13B, CC2D2A, CXORF5, 
TTC21B, KIF7, TCTN1, TMEM237, CEP41, TMEM138, 
C5ORF42, TCTN3, ZNF423, TMEM231, CSPP1, PDE6D)
Meckel-Grüber
Nephronophthisis-like neuropathy (XPNPEP3)
Senior-Løken-renal-retinal
Short-rib polydactyly (DYNC2H1, NEK1, WDR34, 
IFT140, IFT172, IFT80, WDR60)

Birth prevalence: rare, less than 1/10,000 for isolated 
forms

Associated anomalies: ocular defects, skeletal anomalies, 
central nervous system malformations, situs inversus, 
hepatic fibrosis, cardiovascular defects, ataxia

Laboratory studies: urinalysis usually is not helpful, renal 
biopsy shows nonspecific findings, molecular testing, 
ultrasonography, abdominal radiography

Prenatal diagnosis: may occasionally present with 
oligohydramnios, large cystic kidneys and/or associated 
anomalies on ultrasonography; molecular testing if the 
mutation in the family has been identified

Cause: Isolated—Mendelian (AD, AR), sporadic; 
Complex—Mendelian

Clinical features and pathological findings in nephro-
nophthisis and medullary cystic disease represent a pheno-
typic spectrum of disease where the kidneys are pale, firm, 
and shrunken; there is thinning of both the medulla and 
cortex and, in many cases, fluid-filled cysts around the cor-
ticomedullary boundary (Fig. 30.6.1). Histological changes 
are nonspecific but significant and increase in severity as 
the disease progresses. Despite phenotypic overlap, there is 
etiologic heterogeneity with autosomal recessive (AR), auto-
somal dominant (AD), and sporadic forms, in addition to 

syndromal disorders.1 The nonsyndromal AR recessive condi-
tions usually have an age of onset at two to 14 years, while AD 
forms normally present in the third to fifth decade but may 
be symptomatic earlier.2 Affected children usually have poor 
growth, short stature, and anemia. Polydipsia and polyuria 
are common. Salt wasting is frequent and may protect against 
hypertension as renal function worsens. Urinalysis reveals no 
red or white cells, and proteinuria is usually mild or absent; 
thus this condition may well be missed by routine screening.3 
Renal biopsies taken early in the disease show nonspecific 
findings, making diagnosis difficult in the absence of a typical 
clinical history or familial cases. Unlike AD polycystic kidney 
disease (Entry 30.4), flank pain, hematuria, and hypertension 
are usually absent.

Other urinary tract anomalies are rare, but nonrenal 
defects such as ocular defects and skeletal anomalies may 
occur in syndromal forms, many of which are ciliopathies.4 
There appears to be an association of an autosomal dominant 
form with red or fair hair.5 In another autosomal dominant 
family, the renal phenotype apparently cosegregated with 
bipolar affective disorder.6

This is a rare group of disorders with only one case of med-
ullary cystic disease noted in 13,775 autopsies.7 In Finland 
the frequency of isolated cases was 1/60,000 livebirths.8 In the 
genetic disorders, males and females are equally affected and, 
although the mutant gene is usually fully penetrant, an affected 
parent of severely affected children may have occult disease.9 
About two-thirds of the early-onset patients are homozy-
gous for a deletion of 2q13 that includes NPHP1, a gene that 
codes for a novel protein, nephrocystin. Patients with dele-
tions have an earlier age of onset than those without.8 Other 

Fig. 30.6.1 Familial nephonopthisis-medullary cystic disease complex. Gross 
specimen of a kidney shows collections of cysts at the corticomedullary 
junction. (Reprinted with permission from Jennette JC, Olson JL, Schwartz MM, 
et al., eds.: Heptinstall’s Pathology of the Kidney, ed 5. Lippincott Williams & 
Wilkins, Philadelphia, 1998.)
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AR genes involved include INVS, NPHP3, NHPH4, GLIS8, 
NEK8, TMEM67, TTC21B, WDR19, ZNF423, CEP83, CEP164, 
and ANKS6, many of which form molecular networks.10 The 
AD forms are due to heterozygous mutations in MUC1 and 
UMOD. As some families map to neither locus, there are 
potentially other genes that can cause this phenotype.11

Treatment: As these disorders tend to lead to end-stage renal 
disease, dialysis or transplantation is usually required. Fortunately, 
transplanted kidneys do not undergo cystic degeneration.12

Prognosis: Despite its relative rarity, nephronophthisis is one 
of the most common causes of childhood renal failure, often 
becoming terminal during the second decade of life. Affected 
individuals may have other complications if they have one of 
the syndromal forms. Although patients with dominant disor-
ders have a later age of onset, the progression of renal disease 
is similarly rapid once it is diagnosed. Family members at risk 
can be screened by ultrasound. In all cases, renal osteodys-
trophy and hypoparathyroidism may become apparent as the 
condition worsens, especially in children. Prenatal diagnosis, 
presymptomatic screening, and/or heterozygote detection is 
now available in families where specific mutations have been 
identified.
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30.7 MeDUllary SPOnGe KiDney

(Cacchi-Ricci Disease, Precalyceal Canalicular Ectasia, Cystic Dilation of the Renal Tubules)

Definition: Normal-sized or slightly enlarged kidneys characterized by ectasia of papillary collecting ducts, leading to the for-
mation of small cysts limited to the renal pyramids and papillae.

ICD9/ICD10: 753.1/Q61.5 Syndrome Associations (Appendix)
Arterial fibromuscular dysplasia
Beckwith-Wiedemann/congenital hemihypertrophy 
(CDKN1C, H19, 11p15.5 imprinting defect)
Ciliary dyskinesis syndromes including Young 
syndrome (many genes)
Ehlers-Danlos type IV (COL3A1)
Hyperparathyroidism (association with GDNF sequence 
variants)
Marfan (FBN1)
Medullary sponge kidney-anodontia/ premature loss 
of teeth
Polycystic kidney disease-autosomal dominant 
(PKD1, PKD2)
Polycystic kidney disease-autosomal recessive 
heterozygotes (PKHD1)
Primary distal renal tubular acidosis +/- deafness 
(SLC4A1, ATP6V0A4, ATP6V1B1)
Rabson-Mendellhall (INSR)
Senior-Løken (several AR genes, more often presents 
with nephronophthisis)
Sjögren

Birth prevalence: 1/5,000–1/20,000, probably 
underestimated as many cases are asymptomatic

Associated anomalies: occasionally other genitourinary 
malformations; liver defects including cysts, fibrosis, bile 
duct hamartomas; hemihypertrophy

Laboratory studies: renal function studies, evaluation of 
calcium metabolism, intravenous pyelography, retrograde 
pyelography

Prenatal diagnosis: currently not available due to late 
presentation

Cause: isolated cases—usually sporadic, AD in some 
families; complex cases—AD, AR, multifactorial
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Most patients with medullary sponge kidney (60 percent) are 
diagnosed between the ages of 30 and 50  years. Diagnosis in 
infancy and childhood is usually as a result of investigations 
initiated because of an associated syndromal disorder.1 This 
condition is usually asymptomatic and is not detected until 
complications occur or if an intravenous pyelogram is done for 
other reasons, and characteristic renal linear streaking or round 
cystic collecting ducts, usually affecting two or more papillae in a 
given kidney, are observed (Fig. 30.7.1). Grossly the kidneys are 
of normal size or, if there are extensive cysts, slightly enlarged. 
The cysts vary in size but are generally less than 8 to 10 mm.2 
The renal surface is smooth, there is no atrophy or interstitial 
fibrosis, and cortical cysts are not observed, which distinguishes 
medullary sponge kidney from infantile polycystic kidney dis-
ease. All pyramids of both kidneys are usually affected, but the 
pathological changes may be restricted to one or two pyramids 
or to a single kidney. The most common clinical symptoms are 
a urinary concentrating defect and acidification of the urine, 
which usually goes unnoticed.3 Its course is usually benign and 
nonprogressive, but patients may present with stones and renal 
colic, hematuria, and urinary tract infections.4

The majority of affected individuals do not have other gen-
itourinary malformations and, when these or other anomalies 
are found, the diagnosis of an underlying syndromal disorder 
should be considered. The defect has been reported to occur in 
association with ectopic and horseshoe kidneys and with uni-
cornuate uterus. It may also be seen with congenital hepatic 
fibrosis, most often as an unusual presentation of autosomal 
dominant polycystic kidney disease.5,6 There appears to be an 
association between medullary sponge kidney and disorders 
of calcium metabolism or isolated hypercalcemia. In 10 of 28 
patients studied by Maschio et al., there was evidence of para-
thyroid hyperplasia.7

The estimated incidence of medullary sponge kidney 
is one in 5,000 to one in 20,000. This is likely a significant 

underestimate given the high proportion of asymptomatic 
cases. Among patients with urological disease, the estimated 
incidence is one in 1,000.2 A  male predominance of 3:1 has 
been found in some studies, but this may be an ascertainment 
bias. Although most cases are sporadic, autosomal dominant 
inheritance has been suggested in several families including 
some segregating GDNF gene variants.2,8,9 The presence of 
congenital hepatic fibrosis should alert the physician to inves-
tigate the family for autosomal dominant polycystic kidney 
disease. In addition, medullary sponge kidney may occur with 
reflux and ureteropelvic junction obstruction in patients with 
a dominant form of familial ureteral abnormalities.10 Families 
with medullary sponge kidney as a part of genetic syndromes 
require further investigation as appropriate.

Treatment: Management should include treatment of 
hypercalcemia, hypercalciuria, and control of infection. 
Stone formation is reported to occur more often in affected 
females.11 Such patients can be treated with extracorporeal 
shock wave lithotripsy, but they appear to have more residual 
stones compared to those with other forms of renal mal-
formations. Instrumentation or catheterization should be 
avoided in order to prevent ascending urinary tract infec-
tion. Patients at risk for stone formation may have reduced 
bone density, which improves with oral potassium citrate 
administration.12

Prognosis: Fortunately, for most patients medullary sponge 
kidney is a benign disorder with a good prognosis. Long-term 
follow-up in asymptomatic cases demonstrates no major 
changes in the radiological findings and no deterioration in 
renal function. In 10 percent the clinical course is complicated 
by repeated infections, stone formation, and ultimately renal 
failure leading to dialysis and transplantation.
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Fig. 30.7.1 Medullary sponge kidney. An excretory urogram with tomography 
shows radial linear streaking in the renal papillae resulting from contrast 
medium in the ectatic papillary ducts. (Courtesy of Dr. R. de Bruyn. Reprinted 
with permission from Jennette JC, Olson JL, Schwartz MM, et al., eds. 
Heptinstall’s Pathology of the Kidney, ed 5. Lippincott Williams & Wilkins, 
Philadelphia, 1998.)
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30.8 OBSTrUcTiVe renal cySTic DiSeaSe

(Potter Type IV, Peripheral Cortical Cystic Dysplasia)

Definition: Renal cystic changes caused by obstruction of urinary outflow during the fetal and early postnatal periods. Closely 
related noncystic changes such as hydronephrosis and renal scarring occur later in life due to other forms of obstruction, 
including ureteropelvic junction obstruction and vesicoureteral obstruction with reflux.

ICD9/ICD10: 753.2, 753.81/Q62.0, Q62.3, Q62.7 Syndrome Associations (Appendix)
Acrorenal (SALL1, SALL4)
CHILD (NSDHL)
Johanson-Blizzard (UBR1)
Occipital horn (ATP7A)
Renal-coloboma (PAX2)
Ritscher-Schinzel (KIAA0196)
Russell-Silver (11p15 imprinting defects)
Spondylocostal dysostosis
Urofacial syndrome/Ochoa (HPSE2)
Facio-auriculo-vertebral
Trisomy 13, 21
del 1p31-32
partial dup 3q
partial dup 19q
Prenatal cocaine, carbamazepine, thalidomide, valproate 
exposure
Prenatal exposure to Vitamin A congeners

Birth prevalence: ~1/100

Associated anomalies: Urinary tract anomalies, frequent 
finding in many syndromes

Laboratory studies: Renal function studies; 
imaging: voiding cystourethrogram to demonstrate 
reflux, intravenous pyelography IVP or nuclear scan for 
detection of renal scarring, and IVP or renal ultrasound 
for detection of structural anomalies.

Prenatal diagnosis: ultrasonography, other investigations 
as indicated by associated malformations; fetal 
hydronephrosis may resolve spontaneously

Cause: Isolated—sporadic, Mendelian (AD, SLR), 
multifactorial. Complex—chromosomal, environmental, 
seen in many syndromes

Blockage of the urethra in early prenatal life causes cystic 
changes resembling multicystic dysplasia (Entry 30.5) with 
enlarged kidneys and distended bladder and abdomen (Fig. 
30.8.1). Milder forms of obstruction later in gestation, infancy, 
or childhood result in less severe cystic changes or an “obstruc-
tive kidney” with calyectasis and parenchymal scarring.1 Such 
cases present with nonspecific findings of pain, abdominal 
mass, nocturia, incontinence, hematuria, hypertension, and 
febrile urinary tract infections. As the obstruction can be at 
any level of the urinary tract, one or both kidneys may be 
involved with the precise pathology varying depending on the 
degree and duration of obstruction. Bilateral hydronephrosis 
is usually due to lower urinary tract obstruction and is asso-
ciated with hydroureter. Hydronephrosis without hydroureter 
may be unilateral or bilateral. It is often caused by ureteropel-
vic obstruction due to aberrant renal vessels crossing the junc-
tion, or a primary defect related to pelvicalyceal duplication 
and vesicoureteral reflux (VUR). Many such cases show abnor-
mal musculature at the ureteropelvic junction.

Many urinary tract anomalies predispose to obstructive 
kidney, including ureteral duplication, ureteropelvic junc-
tion obstruction, ureteral valves, strictures at the vesicoure-
teric junction caused by persistence of Chwalle’s membrane 
or absorbance of the distal portion of the Wolffian duct into 
the bladder, ureterocele or ballooning of the lower end of the 
ureter into the bladder, and bladder outlet obstruction from 

Fig. 30.8.1 Renal cystic disease secondary to lower urinary tract obstruction 
in a newborn male with urethral obstruction. Note the dilated bladder 
and hydroureters. Cryptorchidism, esophageal atresia, annular pancreas, 
preauricular skin tags, and single umbilical artery were also present.
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posterior urethral valves or urethral stenosis. When associated 
with ureteral anomalies, some defects, for example horseshoe 
kidney, can cause a mixed pathological picture of both renal 
dysplasia from a primary embryological defect and secondary 
changes from obstruction. Although they are seen in many 
complex disorders, the high frequency and lack of specificity 
of ureteral anomalies and secondary obstruction make them 
poor markers for individual syndromes.

The precise frequency of these disorders is difficult to 
assess. Severe forms are rare, but milder ones are very common. 
Mulcahy et  al. noted a significant ethnic difference for VUR, 
estimating it affected 1 to 2 percent of Caucasians but was rare 
in blacks.2 In Japan, VUR reflux in infants was considerably 
more frequent in males (83  percent); slightly more than half 
the cases (57 percent) were bilateral.3 In unilateral cases, the left 
side is preferentially involved. Autosomal dominant inheritance 
is one cause of VUR and reflux nephropathy.4 One type (OMIM 
193000) maps to 1p13 and causes a whole range of renal defects. 
Genetic heterogeneity is evident, with at least eight other loci 
implicated including ROR2 and SOX17, and an X-linked gene 
(OMIM 314550). Autosomal dominant inheritance of hydrone-
phrosis (OMIM 143400) has also been reported.

Treatment: The clinical course in patients with obstructive 
nephropathies depends on the amount of renal parenchymal 
loss and the underlying cause. Management is directed toward 
reducing ongoing damage to the kidneys and preventing recur-
rent infection and intrarenal reflux, although the best approaches 
to achieve this are controversial.5 A particular concern is when 
reflux occurs in a solitary kidney or where the contralateral kid-
ney is multicystic. These cases must be treated aggressively to 
preserve renal function.6 Expectant observation with annual 
imaging may be appropriate in other asymptomatic cases.7

Prognosis: The outcome in any specific case will depend on 
the cause and severity of renal damage. Dilation of the renal 
pelvis is commonly seen on prenatal ultrasound examina-
tion. Most of these cases resolve spontaneously, but approxi-
mately 15 percent may show VUR on postnatal examination.8 
Vesicoureteral obstructions detected in childhood may resolve 
spontaneously, may remain asymptomatic, or may go on to 
produce high grade reflux and renal parenchymal scarring.9 
First-degree relatives are clearly at risk, especially if a proband 
presents with renal failure. Using radionuclide voiding cys-
tography as a screening tool, it was found that 45 percent of 
asymptomatic sibs of patients with vesicoureteral reflux were 
similarly affected.10
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30.9 SUPernUMerary KiDney

(Accessory Kidney, Renal Duplication)

Definition: One, or rarely more than one, additional kidney with its own blood supply and pelvicalyceal system. Duplication 
of the renal pelvis or ureter are distinct malformations.

ICD9/ICD10: 753.3/Q63.0 Syndrome Associations (Appendix)
OEIS
VACTERL

Birth prevalence: very rare, approximately 100 cases 
reported

Associated anomalies: other genitourinary; rarely 
cardiovascular or vertebral defects, meningomyelocele, 
imperforate anus, Wilms tumor

Laboratory studies: chromosomal analysis, intravenous 
pyelography, voiding cystourethrogram, angiography, 
scintigraphy, CT, MRI, gadolinium magnetic resonance 
urogram

Prenatal diagnosis: not reported

Cause: sporadic, rarely seen in developmental field defects 
e.g. cloacal exstrophy, duplications of the genitourinary 
system

The extra kidney is usually ectopic, situated cephalad (55 per-
cent) or caudal (25  percent) to a normal kidney, but can be 
in the midline, either dorsal or ventral to the bladder (Fig. 
30.9.1).1,2 The ureter may join one of those draining the nor-
mal kidneys or can enter the bladder separately. Occasionally 
the additional ureter will enter the vagina or urethra. Most 
supernumerary kidneys are distinct encapsulated masses, 
but occasionally there is a parenchymal bridge to another 
kidney producing cases transitional between supernumerary 
and fused kidney. Most are unilateral, but bilateral cases have 
been observed.3 The rarity of this condition and lack of specific 
symptoms make diagnosis a challenge. Many patients remain 
asymptomatic but may present with back or abdominal pain 
or fever in adulthood (average age at diagnosis ~36  years). 

Even in the presence of symptoms, the precise diagnosis is 
rarely made prior to exploratory surgery. Occasionally the 
defect is detected fortuitously as a pelvic mass on computed 
tomography.

Most cases represent isolated findings. Other genitourinary 
anomalies have occasionally been observed, including ureteral 
atresia, horseshoe kidney, posterior urethral valves, penile 
duplication, urethral or bladder duplication, vaginal atresia, 
and cloacal exstrophy.1,4-8 Anomalies in other systems are rare, 
but cases with coarctation of the aorta, imperforate anus, and 
meningomyelocele have been reported.1,4,8,9 One case was diag-
nosed in childhood with hypertensive encephalopathy.10

Supernumerary kidneys are believed to be due either to 
the formation of a second ureteric bud, which then induces a 
separate mesenchymal mass, or to splitting of the metaneph-
ric blastema into two parts, each penetrated by a branch of 
the ureteric bud. To date, approximately 100 cases have been 
reported. Males and females are equally affected. The accessory 
kidney is left-sided in about 65  percent of cases.1 No recur-
rences have been reported, so risks for children and siblings do 
not appear to be increased.

Treatment: Supernumerary kidneys discovered seren-
dipitously usually have good renal function and require no 
treatment beyond observation. The frequency and nature 
of complications such as hypoplasia, hydronephrosis, renal 
cysts, infection, and renal calculi vary according to whether 
the ureter is bifid (~50 percent have complications) or sepa-
rate (~70 percent have complications).1 Similar complications 
occur in 15 percent or more of the ipsilateral and contralateral 
normally situated kidneys. Treatment is based on the severity 
and nature of the symptoms.

Fig. 30.9.1 A total-body flow study of a 19-year-old male shows a left kidney of 
normal size, a smaller right kidney in a normal location, and an ovoid structure 
below and to the right of the aortic bifurcation suggesting a supernumerary 
pelvic kidney, later confirmed by CT and MRI. (Reprinted with permission from 
Sy et al.2)
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Prognosis: Usually good. Extra kidneys with evidence of 
pathology can be removed after renal function in the remain-
ing kidneys is shown to be adequate. Abdominal trauma may 
lead to rupture of a kidney, including an accessory one, and is 
an unusual cause of hematuria.5 Wilms tumor in supernumer-
ary kidneys has been reported.11 Unnecessary interventions 
and complications may be avoided by a greater awareness of 
supernumerary kidney in the differential diagnosis of abdomi-
nal or back pain and urinary tract infection.
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30.10 hOrSeShOe KiDney

Definition: Fused kidneys with equal or near equal amount of renal tissue on each side of the midline.

ICD9/ICD10: 753.3/Q63.1 Syndrome Associations (Appendix)
Antley-Bixler (POR, FGFR2)
Bowen-Conradi (EMG1)
Congenital hypothyroidism with urogenital 
anomalies (PAX8)
Fanconi (Various complementation groups)
Goltz (PORCN)
Kabuki (MLL2, KDM6A)
Pallister-Hall (GLI3)
Renal cysts and diabetes (HNF1B)
Russell-Silver (7p11.2 mat UPD)
VACTERL
WAGR (contiguous gene deletion 11p13)
X-linked laterality defects (ZIC3)
Opitz GBBB (MID1)
Trisomy 18
Turner (45,X)
Prenatal thalidomide, alcohol exposure

Birth prevalence: 1/300–1/400

Associated anomalies: central nervous system, cardiac, 
other genitourinary, musculoskeletal, midline defects

Laboratory studies: karyotype, genomic microarray; 
imaging: intravenous pyelography, angiography, 
radioisotope tests to evaluate renal function;

Prenatal diagnosis: ultrasonography, other investigations 
as indicated by associated malformations

Cause: Isolated—usually sporadic; Complex—Mendelian 
(AD, AR, XLD, XLR), chromosomal, multifactorial, 
environmental

Horseshoe kidneys are the most common type of fused kid-
neys.1 They remain in the pelvis, as their ascent is blocked by 
the inferior mesenteric artery at its junction with the aorta. 
Rotation is also prevented, and thus the pelvises face anteri-
orly (Fig. 30.10.1). Fusion usually (90–95  percent) occurs at 
the lower poles but may occur at the upper poles or even at 
both. The course of the ureters from the kidneys to the blad-
der is maintained in the typical orientation relative to the 
midline. Obstruction of the ureters may lead to clinical symp-
toms including pain, hematuria, and infection. Abdominal 
discomfort occurs in about half of patients. Infants and chil-
dren may present with a lower abdominal mass. In one study,2 
40  percent of individuals with horseshoe kidneys presented 

with ureteropelvic junction obstruction, 18 percent with renal 
stones, and 22 percent with urinary tract infection.

Hydronephrosis is the most frequent associated genito-
urinary anomaly and is often associated with reflux, ureteral 
obstruction, and/or megaureter. Among 52 cases of horse-
shoe kidney, 52  percent showed some degree of urinary 
tract obstruction.3 Duplicated and ectopic ureters are com-
mon. Anomalies outside the genitourinary tract are found in 
one-third of individuals with horseshoe kidneys.4 Frequency 
varies with age, reflecting ascertainment bias; 79  percent of 
infants, 28  percent of children, and 4  percent of adults with 
horseshoe kidneys have additional abnormalities, especially 
in the musculoskeletal, cardiac, and central nervous systems. 
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A B

Fig. 30.10.1 Ventral (A) and dorsal (B) views of horseshoe kidney. Note the 
duplicated renal pelvis and fused ureters on the right side. (Reprinted with 
permission from Moore KL, ed.: The Developing Human: Clinically Oriented 
Embryology, ed 5. WB Saunders Company, Philadelphia, 1988.)

Midline anomalies including neural tube defects, vertebral 
anomalies, and anal atresia are common, and situs inversus has 
also been reported. Horseshoe kidney is frequent in trisomy 
18 and Turner syndrome. Due to its high frequency, this mal-
formation may also be seen coincidentally in other syndromes.

Horseshoe kidneys are among the commonest of renal 
malformations, occurring in 1/300 to 1/400 individuals both 
in series of surviving patients and of autopsies.5 They are two 
to three times more common in males.5,6 Most cases of iso-
lated horseshoe kidney are sporadic. However, occasional 
families suggesting autosomal dominant inheritance with vari-
able expressivity have been noted.7,8 Monozygous twin pairs 
have usually been discordant,9 but Bridge reported a pair in 
which one had horseshoe kidney and the other had crossed 
renal ectopia, suggesting a common etiology for the two 
malformations.10

Treatment: When horseshoe kidney is found serendipitously 
in an asymptomatic patient, no specific management is required. 
Treatment is indicated for hydronephrosis and vesicoureteral 
reflux to ameliorate symptoms and prevent renal damage.3

Prognosis: One-third of individuals with horseshoe kidneys 
remain asymptomatic. Horseshoe kidneys are at increased risk 
for traumatic rupture and, because of their position and the 
frequent association of renal artery abnormalities, may com-
plicate surgery for aortic aneurysms. Horseshoe kidneys are at 
increased risk for neoplastic transformation.11 Wilms tumor is 
the most common neoplasm reported, but a variety of others 
have also been seen. The long-term outcome for most patients, 
however, is determined largely by the severity of associated 
anomalies.
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30.11 renal ecTOPia

(Simple Renal Ectopia, Crossed Renal Ectopia, Fused Pelvic Kidney, Pancake or Discoid Kidney)

Definition: Permanent location of one or more kidneys outside the normal lumbar position. This definition excludes horse-
shoe kidney (Entry 30.10).

ICD9/ICD10: 753.3/Q63.2 Syndrome Associations (Appendix)
Branchiootorenal (EYA1, SIX5)
Caudal dysplasia
Cerebrocostomandibular
Duane ( SALL4)
Facio-auriculo-vertebral
Hennekam lymphangietasia–lymphedema (CCBE1)
Holzgreve-Thomas
Kabuki (KMT2D, KDM6A)
Melnick-Needles (FLNA)
OEIS
Pallister-Hall (GLI3)
Roifman-Chitayat
Schinzel-Giedion (SETPB1)
Urogenital adysplasia, including MURCS and 
Klippel-Feil-deafness-absent vagina
VACTERL
Williams (ELN, del 7q11.23)
Winter renal-genital-middle ear
del 13q32-q34
ring 13
Trisomy 18
dup 22pter-q11
Turner (45,X)
Prenatal alcohol, cocaine, thalidomide exposure

Birth prevalence: Simple ectopia 1/900, crossed ectopia ~ 
1/5000, fused pelvic (pancake) kidney ~1/17,000

Associated anomalies: Other genitourinary; caudal 
anomalies (imperforate anus, cloacal defects), lower 
limb anomalies, neural tube defects, radial ray defects, 
vertebral anomalies, tracheoesophageal fistula, 
cardiovascular malformations, almost all other systems 
can be involved in syndromal cases

Laboratory studies: karyotyping, microarray, targeted 
molecular analysis, abdominal ultrasonography, CT, MRI, 
radionuclide scanning, voiding cystography, intravenous 
pyelography, arteriography

Prenatal diagnosis: ultrasonography, but rarely diagnosed 
before 24 weeks; may present as empty renal fossa with 
normal amniotic fluid, in which case 3D ultrasound 
and color Doppler may help distinguish ectopia from 
unilateral renal agenesis; ultrasonography to detect and 
evaluate associated malformations, potentially followed by 
karyotype, microarray and/or targeted molecular analysis

Cause: Isolated—usually sporadic, occasionally 
AD with variable expressivity, multifactorial; 
Complex—chromosomal, Mendelian (AD, AR), 
environmental

Renal ectopia may affect one or both kidneys. In simple ecto-
pia, the malpositioned kidney and ureter are on the correct side 
but abnormally located. Approximately 60 percent of such kid-
neys are pelvic, and around 10 percent of these are solitary due 
to contralateral renal agenesis.1 A kidney may ascend beyond 
its normal lumbar site and be found in the thorax, occasion-
ally above the diaphragm. In crossed ectopia, one or both kid-
neys lie on the opposite side from the normal location, with 
the ureter(s) crossing the midline (Fig. 30.11.1). In 90 percent 
of such cases the kidneys are fused, usually at the poles, such 
that the kidneys lie end to end with the lower kidney usually 
being the ectopic one.2 Very occasionally both kidneys are 
crossed (double-crossed ectopia). In fused pelvic kidney, there 
is an irregular mass of renal tissue with one or more anteri-
orly facing renal pelvises and a variable number of ureters in 
the pelvic midline.3 These malformations are often asymptom-
atic, but depending on the structure and location of the ecto-
pic renal tissue and associated ureter(s) may cause abdominal 

pain, dysuria, dyspareunia, increased frequency of urination, 
hydronephrosis, vesicoureteral reflux, infection, and calculi. 
Diagnosis may be difficult due to misleading symptoms.

Individuals with renal ectopia may have other genitouri-
nary defects, for example multicystic dysplasia, bladder agen-
esis, patent urachus, urethral duplication, and unicornuate 
uterus. Associated anomalies of contiguous developmental 
fields include imperforate anus and cloacal exstrophy. Skeletal 
anomalies are seen in approximately 50 percent. A chick model 
suggests that scoliosis may impede renal ascent and explain the 
high frequency of vertebral anomalies in cases of simple ecto-
pia.4 Ectopic dysplastic renal tissue may be observed in intra-
spinal cystic lesions and diastomatomyelia.5 Cardiovascular 
defects may also be more common. Abnormally sited kidneys 
are seen in many syndromes and field defects, and can be 
caused by exposure to certain teratogens; however, given the 
frequency of renal ectopia, its occurrence in some individuals 
with multiple anomaly syndromes is probably coincidental.
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Simple ectopia of one kidney is a relatively common mal-
formation occurring in approximately 1/900 individuals.6 
Bilateral ectopia is much rarer and is not seen with thoracic 
kidneys. Crossed ectopia occurs in ~ 1/1,000 individuals.6 In 
both these types of ectopia, males are more often affected and 
the left side more likely to be displaced. Fused pelvic kidney is 
even rarer, with again a male preponderance.3 Most cases of 
isolated renal ectopia are sporadic. However, autosomal domi-
nant inheritance has been postulated in some families and may 
represent cases of familial urogenital dysplasia.7 Concordance 
in monozygous twins has been reported.

Treatment: As symptoms in patients with renal ectopia 
arise due associated urologic disease rather than the abnor-
mal positioning per se, treatment must be planned accord-
ingly.8 Complications from obstructed and hydronephrotic 
ureters appears to be more common in fused pelvic kidneys 
than in horseshoe kidneys. Surgical correction may be diffi-
cult because of the aberrant blood supply and the abnormal 

structure of the pelvises and ureters. The association of renal 
ectopia with aortic aneurysm requires the need for careful 
evaluation of the renal vasculature before surgery in order to 
reduce the risk of renal ischemia.9 Iliac artery aneurysms are 
associated with fused pelvic kidneys.10 In the absence of renal 
pathology, ectopic kidneys can be used for transplantation.

Prognosis: Prognosis will depend on any related urological 
complications and/or associated malformations in complex 
cases. Abnormally positioned renal masses may mimic tumors; 
however, although several types of neoplasia including Wilms 
tumor, adenocarcinoma, and renal cell carcinoma have been 
reported in ectopic kidneys, the magnitude of the increased 
risk, if any, is unclear. Pelvic kidneys can cause dyspareunia, 
and especially those on the left side may predispose to dys-
tocia for women in labor requiring cesarean section.11 Unless 
other family members are known to be affected, the recurrence 
risk for isolated renal ectopia is low. Risks for syndromal cases 
will depend on the underlying etiology. Prenatal diagnosis by 
ultrasound is feasible but is generally made after 24 weeks.12 
When an isolated pelvic kidney is detected coincidentally, par-
ents can usually be reassured that renal function is unlikely to 
be impaired and that neonatal intervention is rarely required.12
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Fig. 30.11.1 Crossed fused renal ectopia. The left kidney is situated on the 
right side below the small dysmorphic right kidney. The left ureter crosses the 
midline. (Reprinted with permission from Jennette JC, Olson JL, Schwartz MM, 
et al., eds.: Heptinstall’s Pathology of the Kidney, ed 5. Lippincott Williams & 
Wilkins, Philadelphia, 1998.)
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30.12 DUPlicaTiOn OF The UreTer

(Ureteral Duplication, Accessory Ureter, Duplex Kidney)

Definition: More than one ureter and renal pelvis in a single kidney.

ICD9/ICD10: 753.4/Q62.5 Syndrome Associations (Appendix)
Branchiootorenal I (EYA1)
Branchiootorenal II (SIX5)
Ectrodactyly-ectodermal dysplasia-clefting Type 1
Ectrodactyly-ectodermal dysplasia-clefting Type 
3 (TP63)
OEIS
Maternal diabetes
Prenatal thalidomide exposure

Birth prevalence: ~1/100

Associated anomalies: other urinary malformations, 
branchial defects, ear anomalies, deafness, ectodermal 
abnormalities, facial clefts, limb deficiency

Laboratory studies: excretory urography, voiding 
cystourethrography, ultrasonography, DMSA renal 
cortical scintigraphy, CT, MRI

Prenatal diagnosis: ultrasonography, other investigations 
as indicated by associated malformations

Cause: Isolated—often sporadic, AD; 
Complex—Mendelian (AD, XL), incidental finding in 
many syndromes, environmental

In ureteral duplication, the renal parenchyma is not separate, 
as it is with supernumerary kidney (Entry 30.9), but there are 
two pelvises each with one ureter. Duplication may be com-
plete with two ureters to the bladder, or the ureters may unite 
before entering the bladder (Fig. 30.12.1).1 Considerable varia-
tion exists, with blind ending ureters, abortive duplication, or 
even more than two ureters per kidney being present. Most 
blind ending ureters and ectopic ureteral orifices are associated 
with ureters draining the upper pole of a partially duplicated 
kidney.

Ureteral duplication may be associated with other urinary 
tract defects, especially horseshoe kidney and renal dysplasia, 
and is a common finding in branchiootorenal (BOR) syn-
drome. Because of the high prevalence of duplication of the 
ureters as an isolated malformation, it is rarely a useful finding 
in syndrome delineation. Rich et al. reported apparently auto-
somal or X-linked dominant transmission of ureteral triplica-
tion with bilateral amastia and unusual facies in a mother and 
son.2 The mother’s parents were unaffected, but her father was 
60  years of age when she was born. Duplication of the ure-
ter has been found as a nonobligatory feature in over 40 other 
syndromes and may well be a coincidental finding in many 
of these.

This is the most common urinary tract malformation. Both 
sides are equally likely to be involved in unilateral defects, 
which are approximately six times more common than bilat-
eral duplication.1 Recurrence risks for complex cases will 
depend on the underlying etiology. Females are affected twice 
as often as males, but this may be due to biased ascertainment 
as ectopic orifices may lead to incontinence.3

Treatment: Although many cases are asymptomatic, patients 
may present with incontinence, infection, pain, or abdominal 
masses due to the association with vesicoureteral reflux, ure-
teroceles, and ectopic ureteral insertion, which may require 
appropriate surgical intervention.1,3 Mild and asymptomatic 
cases can be monitored by expectant observation and annual 
imaging.

Prognosis: Good for asymptomatic cases. Cases with signifi-
cant obstructive defects are at risk for loss of renal function if 
not treated aggressively. Isolated duplication of the ureters is 
often inherited as an autosomal dominant trait with variable 
expressivity.4

A B

Fig. 30.12.1 Longitudinal section (A) and anterior surface (B) of a kidney with 
duplicated renal pelvis and ureter. Both ureters opened into the urinary 
bladder. (Reprinted with permission from Moore KL, ed.: The Developing 
Human: Clinically Oriented Embryology, ed 5. WB Saunders Company, 
Philadelphia, 1988.)
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30.13 aBSenT Urinary BlaDDer

(Bladder Agenesis)

Definition: Absence of the urinary bladder.

ICD9/ICD10: 753.8/Q64.5 Syndrome Associations (Appendix)
Caudal dysplasia
Sirenomelia
Urorectal septum malformation sequence/cloacal 
dysgenesis

Birth prevalence: very rare except in sirenomelia

Associated anomalies: other genitourinary defects, 
costovertebral anomalies

Laboratory studies: retrograde pyelography, CT, MRI

Prenatal diagnosis: absence of the bladder without 
oligohydramnios on ultrasonography more often results 
from bladder exstrophy or cloacal anomalies than true 
bladder agenesis; MSAFP, AFAFP, chromosome analysis 
may be indicated

Cause: unknown

True agenesis of the bladder is usually found in sirenomelia but 
is otherwise a very rare anomaly, especially in viable infants. 
Other malformations of the urinary and genital systems are 
usually present, and females are predominantly affected. Chen 
et al. described a one-month-old girl with absence of the bladder 
and urethra, left dysplastic kidney, hydronephrosis, and ecto-
pic ureters, who appeared to have a typical presentation of this 
anomaly.1 Presumably the anomaly is caused by maldevelop-
ment of the cranial portion of the cloaca. Bladder agenesis may 
be difficult to distinguish from severe hypoplasia, especially in 
cases where infection and obstruction have caused secondary 

distortion of the lower urinary tract. As the ureters often drain 
ectopically into the vagina or rectum or cutaneously, patents 
have incontinence and chronic infection; antibiotic prophylaxis 
and urinary diversion are the most usual treatments.2
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30.14 cOnGeniTal MeGacySTiS

(Enlarged or Dilated Urinary Bladder)

Definition: Enlargement of the bladder, usually with retention of urine.

ICD9/ICD10: 753.8/Q64.79 Syndrome Associations (Appendix)
Caudal dysgenesis
Megacystis-microcolon-intestinal hyperperistalsis 
(ACTG2)
Megaduodenum-megacystis (ACTG2)
Prune belly
Trisomies 13, 18, 21

Birth prevalence: ~1/250, much rarer in the absence of 
lower urinary tract obstruction

Associated anomalies: lower urinary tract obstruction, 
patent urachus, meningomyelocele, lower limb 
hypoplasia, gut anomalies, annular pancreas

Laboratory studies: chromosome analysis, molecular 
genetic testing for specific disorders, ultrasonography, 
voiding cystourethrography, upper gastrointestinal series, 
abdominal radiography

Prenatal diagnosis: ultrasonography, MRI, chromosome 
analysis, specific diagnosis may be difficult, especially if 
oligohydramnios present

Cause: Isolated—usually sporadic, occasional AD; 
Complex—chromosomal, Mendelian, field defects

Prenatally, megacystis is seen in approximately 1/250 fetuses, 
predominantly (~80  percent) males.1 Isolated megacystis is 
very rare, usually sporadic, and may resolve spontaneously. 
A dilated bladder is commonly seen with lower urinary tract 
obstruction, for example posterior urethral valves and ure-
thral atresia. Neurological impairment such as that caused 
by meningomyelocele can also result in an enlarged blad-
der. Megacystis in the absence of obstruction occurs in auto-
somal dominant megaduodenum-megacystis syndrome. 
Constipation and urinary tract infection are important 
complications, but most affected individuals have a normal 
life span. Megacystis-microcolon-intestinal hypoperistalsis 

syndrome is more severe. The apparent excess of females may 
be due to early lethality in affected males or their misdiagno-
sis as having prune belly sequence. Although assumed to be 
autosomal recessive, many individuals with this condition 
have heterozygous mutations of ACTG2, as are also seen in 
megaduodenum-megacystis syndrome.2
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30.15 BlaDDer DiVerTicUlUM

(Vesical Diverticulum)

Definition: Evagination of the bladder wall or extension of the bladder dome.

ICD9/ICD10: 753.8/Q64.6 Syndrome Associations (Appendix)
Cutis laxa Type 1A (FBLN5); Type 1C (LTBP4)
Ectrodactyly-ectodermal dysplasia-clefting Type 1
Ectrodactyly-ectodermal dysplasia-clefting Type 
3 (TP63)
Ehlers Danlos Type VI (PLOD1)
Ehlers Danlos with kyphoscoliosis, myopathy and 
hearing loss (FKBP14)
Marfanoid habitus with visceral diverticula
Menkes (ATP7A)
Occipital horn (ATP7A)
Urofacial 1 (Ochoa) (HPSE2)
Williams (ELN, del 7q11.32)
Prune belly
Urethral atresia sequence

Birth prevalence: unknown, isolated cases are rare

Associated anomalies: other genitourinary defects, gut 
diverticula, ectodermal abnormalities, myopathy, facial 
clefts, limb deficiency, facial dysmorphism, small cell 
carcinoma/osteosarcoma

Laboratory studies: urinalysis, ultrasonography, 
intravenous urography, voiding cystourethrography

Prenatal diagnosis: ultrasonography

Cause: Isolated—sporadic, rarely Mendelian AD; 
Complex—Mendelian (AD, AR, XLR), microdeletion, 
field defects

Most bladder diverticula are acquired due to mild urethral 
obstruction and are asymptomatic. Congenital diverticula are 
more common in males and arise due to herniations because 
of lower urinary tract obstruction (Entries 30.17, 30.18) or as 
intrinsic defects of bladder musculature. They have been seen 
in association with diverticula of the intestine and in a number 
of heritable syndromes, several of which involve abnormali-
ties of copper metabolism or transport (Fig. 30.15.1). Isolated 
defects are usually sporadic, but one family apparently had 
autosomal dominant inheritance with sex-limitation to males.1 
A diverticulum of the bladder dome may represent persistence 
of the urachus; lateral diverticula may represent incomplete 
partition of the bladder. In such cases, a single bladder neck 
empties into a single urethra. Patients with diverticula may 
present with fever, abdominal distension, and vomiting, or 
with abdominal mass. Diverticulectomy and ureteral reim-
plantation may be required.2
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Fig. 30.15.1 Bladder diverticula (arrows) in an infant with Menkes syndrome. 
A remnant of the left umbilical artery (LA) was present; the right umbilical artery 
was absent. UB, urinary bladder. ; U, remnant of the allantois. (Courtesy of 
Dr. Will Blackburn, Fairhope, AL.)
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30.16 Urachal anOMalieS

Definition: Defects due to failure of normal obliteration of the lumen of the urachus.

ICD9/ICD10: 753.7/Q64.4 Syndrome Associations (Appendix)
Cloacal and bladder exstrophy
Megacystis-microcolon-intestinal hyperperistalsis 
(ACTG2)
Prune belly
Urorectal septum malformation
VACTERL

Birth prevalence: Full patency rare; at least 2% of adults 
have some degree of patency.

Associated anomalies: genitourinary, Meckel 
diverticulum, inguinal hernia, midline anomalies (e.g., 
omphalocele and epigastric cleft)

Laboratory studies: testing umbilical discharge for 
creatinine and urea, CT, cystoscopy, excretory urography, 
sinography or fistulography with radio-opaque 
contrast medium, ultrasonography and voiding 
cystourethrography

Prenatal diagnosis: 2D, 3D, 4D ultrasonography, 
MRI, other investigations as indicated by associated 
malformations, no known biochemical markers

Cause: usually sporadic, a rare component of syndromes

In fetal life the urachus, the most cranial portion of the clo-
aca, connects the bladder with the allantois (Fig. 30.16.1). As 
the bladder descends into the pelvis, the urachus is drawn into 
a tube that progressively narrows to form a fibrous cord with 
few, if any, areas of patency remaining. In adults, urachal rem-
nants form the medial umbilical ligament. The urachal rem-
nants will vary in length depending on how far the bladder 
has descended.1 Congenital urachal anomalies include cysts, 
which are dilatations of remaining areas of patency within the 
fibrous cord; superior urachal sinus, where the upper portion 

of the tube remains open; inferior urachal sinus, due to per-
sistence and dilation of the portion emptying into the apex of 
the bladder; and patent urachus, where the urachus remains 
open along its length (Fig. 30.16.2). Symptoms vary according 
to the type of defect.2 Patent urachus presents in the neonatal 
period with passage or dribbling of urine from the umbilicus 
and hydrops of the umbilical cord stump. A superior sinus may 
lead to discharge or infection. Cysts usually present as midline 
masses or are found at laparotomy for other reasons. Infected 
cysts may cause lower abdominal pain, fever, urinary tract 
infections, or even acute abdomen. They can mimic appen-
dicitis, peritonitis, or Meckel diverticulitis. Other presenting 
findings include delayed separation of the umbilical cord, 
umbilical polyp, retraction of the umbilicus, a tugging sensa-
tion or paraumbilical pain on voiding, or a suprapubic fistula. 
Inferior sinuses or urachal diverticula are associated with cal-
culi, but most drain well and thus are rarely symptomatic and 
probably underdiagnosed.

Associated genitourinary anomalies are found in 25 per-
cent of cases and include unilateral renal agenesis, renal dys-
plasia, hydronephrosis, ureteropelvic junction obstruction, 
hydroureter, ureteral stenosis, vesicoureteral reflux, prune 
belly, urethral atresia, urethral duplication, vaginal atresia, 
and penile agenesis.3 More children with urachal anomalies 
have such findings, but there is a potential bias in ascertain-
ment as investigation of urinary tract anomalies may lead to 
earlier detection of the urachal defect.4 Anomalies outside the 
genitourinary system are relatively rare, but Meckel diverticu-
lum, inguinal hernia, and omphalocele may occur. A urachal 
anomaly may form part of a wider midline defect such as an 
exstrophic condition or epigastric cleft.5

As many cases of urachal anomalies go undiagnosed, the 
true frequency of such defects is unknown. In most newborns 

Fig. 30.16.1 Photograph of a dissection of the abdomen and pelvis of an 
18-week female fetus, showing the relationship of the urachus to the urinary 
bladder and umbilical arteries. (Reprinted with permission from Moore KL, 
Persaud TVN, eds.: The Developing Human: Clinically Oriented Embryology, 
ed 7. Elsevier, Philadelphia, 2003.)
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at least some portion of the urachal lumen is still patent, and 
in 50  percent of these cases this area is continuous with the 
bladder.1 The relative frequency of specific anomalies depends 

on the age of presentation, with infants and children more 
often having a superior sinus, patent urachus, or cysts, while 
adults usually present with cysts or tumors.6 Males are more 
often affected than females, especially in adulthood.6 A female 
infant with megacystis-microcolon-intestinal hyperperistalsis 
syndrome had a urachal anomaly and an affected brother who 
was considered to have prune belly, a not uncommon misdiag-
nosis in this condition.7

Treatment: In the newborn, conservative management may 
be initially appropriate, as the urachus may close spontane-
ously within the first few months of life.8 If it does not, the 
tract can be surgically removed. Small asymptomatic cysts 
can also be treated by observation. Infected cysts or sinuses 
initially require excision drainage, percutaneous drainage, or 
marsupialization, with complete removal of the tract once the 
inflammation has subsided. Simple drainage does not appear 
effective and can lead to recurrent infections.

Prognosis: In the absence of major anomalies of the genito-
urinary or other systems, the prognosis is good. Chronically 
infected cysts may drain into the umbilicus or bladder leading 
to a condition known as alternating sinus. Infected cysts may 
also rupture into the peritoneum or form fistulous connections 
to the bowel. Tumors, including carcinoma and adenocarci-
noma, can occur in urachal remnants.9
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Fig. 30.16.2 Schematic illustrating urachal anomalies. A: Urachal cysts. 
B: Superior and inferior urachal sinuses. C: Patent urachus. (Reprinted 
with permission from Moore KL, Persaud TVN, eds.: The Developing 
Human: Clinically Oriented Embryology, ed 7. Elsevier, Philadelphia, 2003.)
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30.17 UreThral aGeneSiS Or aTreSia

(Early Urethral Obstruction Sequence when associated with Prune Belly, Eagle-Barrett or abdominal muscle deficiency-renal 
abnormality-cryptorchidism triad).

Definition: Failure of development of all or part of the urethra causing distal obstructive uropathy.

ICD9/ICD10: 753.6/Q64.3 Syndrome Associations (Appendix)
Aphalangy-hemivertebrae
Casamassima
Caudal dysplasia-sirenomelia
Fanconi
Fraser (FRAS1, GRIP1, FREM2)
Meckel-Grüber
Melnick-Needles (FLNA)
OEIS
Prune belly-pulmonic stenosis
Tetra-amelia (WNT3)
Townes-Brocks (SALL1)
Urogenital adysplasia
Urorectal septum malformation sequence
Trisomies 13, 21
del 22q11.2
Diploid/tetraploid mosaicism
Prenatal cocaine, ergotamine, misoprostol, thalidomide 
exposure

Birth prevalence: 1/25,000–1/30,000

Associated anomalies: other genitourinary defects; 
caudal anomalies (imperforate anus, cloacal dysgenesis), 
lower limb deficiency, skeletal and cardiovascular 
anomalies, almost all other systems can be involved in 
syndromal cases, deformations due to oligohydramnios in 
severe cases

Laboratory studies: renal function studies, karyotype, 
targeted molecular analysis, renal ultrasound, 
cysto-urethrography, renography with radionuclides, 
intravenous pyelography, urethroscopy may not be 
possible because of urethral blockage

Prenatal diagnosis: 2D, 3D ultrasonography, MRI, color 
Doppler, elevated MSAFP in some cases, ultrasonography 
to detect and evaluate associated malformations, 
potentially followed by vesicocentesis and karyotyping

Cause: Isolated—usually sporadic, occasionally AR; 
Complex—chromosomal, Mendelian (AD, AR, XL), 
environmental

Urethra agenesis is a rare form of lower urinary tract obstruc-
tion (LUTO) found predominantly in males.1 Segmental atresia 
is more common, with the obstruction usually at the mem-
branous urethra. Both can present with abdominal distension 
and muscle laxity, bilateral cryptorchidism, oligohydramnios, 
respiratory insufficiency due to pulmonary hypoplasia, and 
anuria or evidence of a urinary fistula. Affected infants often 
have Potter facies (Figs. 30.17.1 and 30.17.2). Hypoplastic 
abdominal musculature is present in prune belly, where even 
after relief of obstruction the abdomen remains distended and 
wrinkled, with loops of bowel visible under the thin wall. Older 
children and adults may have a “pot-belly.” It should be noted 
that not all infants with prune belly have an occluded urethra. 
Similarly, those with urethral blockage may not develop the 
characteristic abdominal wall and renal findings if the ura-
chus or a fistula to drain urine is patent.2 Incomplete forms 
with unilateral abdominal wall hypoplasia and “pseudo-prune 
belly” without abdominal wall defects are not uncommon.

Associated genitourinary anomalies include megacystis, 
hydroureter, hydronephrosis and cystic kidneys (Fig. 30.17.3). 
Cryptorchidism is almost universal and differentiates this 
condition from urethral obstruction caused by posterior ure-
thral valves and other forms of urethral stenosis (Entry 30.18). 
Urachal, cloacal, urethrorectal, urethropenile, urethroscrotal, 
or vesicovaginal fistulas are frequent. Penile agenesis, anal 

Fig. 30.17.1 Previable fetus with prune belly syndrome. (Reprinted from 
Dimmick JE, Kalousek DK, eds.: Developmental Pathology of the Embryo and 
Fetus. J.B. Lippincott, Philadelphia, 1992.)
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anomalies, and dysgenesis of the prostate, urinary tract mus-
culature, and gubernaculum may occur. Affected females may 
also have genital abnormalities and anal atresia or other cloa-
cal defects.3 Bladder distension can lead to obstruction of the 

umbilical arteries with lower limb ischemia, hypoplasia, or 
deficiency. Other orthopedic problems include scoliosis, con-
genital hip dysplasia, clubfeet, and pectus excavatum. Many 
cases have anomalies outside the genitourinary tract and adja-
cent developmental fields, and this figure is higher for affected 
females.4

The frequency of all forms of urethral atresia and agen-
esis is unknown. Prune belly occurs in approximately one 
in 30,000 livebirths and is over five times more common in 
males. Black infants, those born to young mothers, and twins 
are also at increased risk.5 Several theories as to pathogenesis 
have been postulated including defective mesodermal devel-
opment, abdominal distension due to megacystis, and intra-
uterine infection; likely more than one cause can give rise to 
the phenotype. Familial cases are uncommon but do occur, 
mostly in a pattern suggesting sex-influenced autosomal reces-
sive inheritance. Mutations in ACTA2 and CHRM3 have been 
observed in some cases, as have deletions including HNF1β.6 
Both concordance and discordance in monozygous twins has 
been recorded.

Treatment: Prenatal detection of LUTO suggests the possibil-
ity of urethral agenesis or atresia. Urinary decompression with 
a vesicoamniotic shunt improves survival but may not dimin-
ish the long-term risk of renal failure.7,8 Before in utero surgery 
is contemplated, the fetus should be investigated for karyotypic 
abnormalities and associated malformations.4 Newborns often 
have severe pulmonary insufficiency. Surviving infants require 
aggressive treatment to relieve obstruction, correct electro-
lyte balance, and determine residual renal function. Urinary 
diversion or vesicostomy may be necessary prior to attempts 
to reconstruct the urethra. Peritoneal dialysis may be used to 
treat chronic renal failure, which develops in 25 to 30 percent 
of long-term survivors.9 Kidney transplantation and the use of 
bowel for reconstruction of the urinary bladder have improved 
outcomes.10 In prune belly, surgical management includes 
abdominoplasty, bilateral orchiopexy, reduction cystoplasty, 
and selective ureteral reconstruction and reimplantation.11

Prognosis: Fetal or neonatal death is inevitable unless a 
urinary fistula is present, with one-third of liveborn patients 
dying as newborns or infants. In those who survive infancy, 
renal failure is common but not universal.9 A  late complica-
tion in some children is hyperammonemic encephalopathy. 
When prune belly is present, there is minimal improvement 
in abdominal musculature. Although familial cases occur, 
the empiric recurrence risk is low. Prenatal diagnosis can be 
offered and has been made as early as 11 or 12 weeks. If sig-
nificant renal disease is avoided, a near normal life span can be 
expected. However, male infertility requires the use of sperm 
retrieval and intracytoplasmic sperm injection.12 Neoplasia is 
rare but has been reported, for example, germ cell tumors and 
hepatoblastoma.
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Fig. 30.17.2 Late gestation infant with prune belly syndrome. (Reprinted from 
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Fig. 30.17.3 Gross appearance of the kidneys and bladder from a stillborn male 
infant with urethral atresia and prune belly. Note the renal dysplasia with a 
common ureter and grossly dilated bladder. Cryptorchidism, single umbilical 
artery, and anal ectopia were also present.
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30.18 POSTeriOr UreThral ValVeS anD UreThral STenOSiS

Definition: Tissue folds of the posterior urethra that obstruct urine outflow. Stenosis of the urethra can also occur due to 
anterior valves, strictures, diaphragms, and abnormal thickening of the urethral wall.

ICD9/ICD10: 753.6/Q64.2, Q64.3 Syndrome Associations (Appendix)
3MC oculo-palato-digital (MASP1)
Al-Gazali
Alveolar capillary dysplasia-pulmonary vein 
misplacement (FOXF1)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Beckwith-Wiedemann (SLC22A18, CDKN1C, KLNQ1)
Caudal dysplasia-sirenomelia
Dyskeratosis congenita (DKC1, TERT, TINF2, RTEL1, 
NOLA1, NOLA2, TCAB1)
Epidermolysis bullosa-pyloric atresia-obstructive 
uropathy (ITGA6, ITGB4, PLEC1)
Facio-auriculo-vertebral
Frontometaphyseal dysplasia (FLNA)
Hand-foot-genital (HOXA13)
Kindler (KIND1)
MACS (RIN2)
Neurofibromatosis (NF1)
Occipital horn (ATP7A)
Pigmentary disorder, reticulate
Rubinstein-Taybi (CREBBP)
Russell-Silver (7p11.1 mat UPD)
Townes-Brocks (SALL1)
Urofacial 1 (HPSE2)
Urogenital adysplasia
Urorectal septum malformation sequence
VACTERL
Werner (RECQL2)
Williams (ELN, del 7q11.23)
Wolfram (WFS1, WFS2)
Trisomy 21
del 10q, ring 10

Birth prevalence: ~1/5,000-1/10,000 males, rare in 
females

Associated anomalies: other genitourinary defects; 
caudal anomalies (imperforate anus, cloacal dysgenesis), 
skeletal and skin defects, almost all other systems can 
be involved in syndromal cases. Deformations due to 
oligohydramnios in severe cases.

Laboratory studies: renal function studies, karyotyping, 
targeted molecular studies; imaging: voiding 
cystourethrogram, urethral endoscopy, renal 
ultrasonography, renography with radioisotopes; 
intravenous pyelography is less useful in the newborn 
with decreased concentrating ability and uremia

Prenatal diagnosis: ultrasound, but rarely apparent before 
20 weeks gestation; fetal MRI; analysis of peptides in fetal 
urine; ultrasonography to detect and evaluate associated 
malformations, potentially followed by karyotyping.

Cause: Isolated—usually sporadic, familial cases 
potentially multifactorial, Mendelian (AD, AR, XL); 
Complex—chromosomal, Mendelian (AD, AR, XL)
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Posterior urethral valves (PUV) are the most common form of 
lower urinary tract obstruction (LUTO) leading to end-stage 
renal disease in children.1 They are found in males, virilized 
females, and very rarely in normal females. Several types have 
been described. Age at presentation and clinical symptoms 
vary depending on the severity of obstruction. Fetal PUV may 
be detected with ultrasound but rarely before 20 weeks gesta-
tion.2 Newborns may have abdominal masses, a distended pal-
pably thick-walled bladder and hydronephrosis, or respiratory 
distress and Potter facies. Other infants may present within a 
few weeks with a dibbling urinary stream, urinary tract infec-
tion (UTI), dehydration, electrolyte imbalance, and failure to 
thrive. Older children may have abnormal voiding, inconti-
nence, or UTI, and usually have better kidney function.3 PUV 
differs from urethral atresia/prune belly (Entry 30.17) in the 
thickened bladder wall and in the fact that cryptorchidism 
(~10–15 percent) is much less common. Other forms of iso-
lated urethral stenosis are almost always found in males. There 
may be narrowing of the canal with dilation of the urethra 
proximal to the obstruction. Diaphragms can be found either 
above or below the verumontanum and usually have a central 
perforation.

Associated urinary tract anomalies include the bladder 
anomalies, ureterovesical junction obstruction, hydronephro-
sis, and renal dysplasia (Fig. 30.18.1). There may be defects in 
contiguous developmental fields including caudal dysgenesis, 
inguinal hernia, and anal anomalies. PUV and/or other forms 
of stenosis occur in several syndromes, some of which have 
abnormal dermatologic findings that might predispose to ure-
thral narrowing. However, the relatively low frequency of com-
plex cases (~12 percent) also differentiates this disorder from 
urethral atresia/prune belly, which has a much higher propor-
tion (~two-thirds).4

The incidence of PUV in males based on hospitalization 
records is approximately one in 10,000, although this is likely 
an underestimate due to exclusion of both perinatally lethal 
cases and mild ones; other forms of urethral stenosis are more 

rare.1,5 PUVs have been reported in brothers; in a father, son 
and paternal uncle; and in concordant and discordant mono-
zygous twins. In some families, cases have gone unrecog-
nized until ascertainment of a more severely affected relative.6 
Autosomal dominant, autosomal recessive, and sex-linked 
recessive models have been suggested. A population study in 
Oman showed a higher frequency of parental consanguin-
ity in cases compared to the general population, but the low 
recurrence risk (2–6  percent) potentially precludes a simple 
recessive model.7 Thus, multifactorial inheritance appears a 
likely explanation for most cases. Urethral strictures may also 
be familial, as affected brothers and an affected father and son 
have been reported.

Treatment: Treatment of PUV depends primarily on the 
degree of renal impairment. With normal renal function, 
drainage by catheter and antibiotic therapy may ameliorate 
symptoms; if unsuccessful, primary ablation of the valves is 
indicated. When renal impairment is present, upper tract 
drainage with cutaneous pyelostomy or high ureterostomy, 
with later reconstructive surgery, may be required. Elevated 
serum creatinine, bladder dysfunction, and potentially 
high-grade reflux are associated with ultimate renal failure 
requiring transplantation.8 For prenatal diagnosed cases with 
adequate residual renal function, placement of a vesicoam-
niotic shunt or percutaneous cystoscopy can be considered, 
but there is still a 25 to 30 percent chance of neonatal death.9 
Occasionally there may be spontaneous remission of the 
obstruction before birth.

Prognosis: Obstruction due to PUV leads to dilation of the 
posterior urethra, hypertrophy, and thickening of the bladder 
wall, and often urinary ascites, hydroureter, hydronephrosis, 
and vesicoureteral reflux. Cystic renal disease can occur due 
to LUTO (see Entry 30.8), but the finding of areas with pri-
mary renal dysplasia and changes due to reflux nephropathy 
in kidneys from PUV patients indicates a primary defect in 
renal development in some.1. Other long-term complications 
include urinary incontinence, bladder dysfunction, polyuria, 
and late onset of renal failure, but fertility and sexual function-
ing are usually not impaired.11 The GG genotype in the AT2R 
gene is associated with PUV, and both this genotype and the 
DD genotype in ACE are found in higher frequency in PUV 
patients with more severe renal disease.12 The recurrence risk 
for isolated PUV would appear to be 2 percent to 6 percent.7 
Prenatal diagnosis with fetal sonograms at 18, 24, and 32 weeks 
of pregnancy can be offered to families, as it may detect recur-
rence of bladder enlargement, development of oligohydram-
nios, and other symptoms. Male relatives of affected boys may 
be at risk and should be investigated if they show any signs of 
urinary dysfunction. Mortality in all cases is higher when asso-
ciated nonrenal congenital anomalies are present.
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Fig. 30.18.1 Hydronephrosis and hydroureter (U) in the right kidney of a fetus 
with posterior urethral valves. The right pelvis (P) is dilated, and the minor 
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30.19 UreThral DUPlicaTiOn

Definition: Complete or partial duplication of the urethra.

ICD9/ICD10: 753.8/Q64.7 Syndrome Associations (Appendix)
Caudal duplication
VACTERL

Birth prevalence: unknown, rare

Associated anomalies: genitourinary, hindgut 
duplications, vertebral anomalies, meningomyelocele, 
omphalocele

Laboratory studies: voiding cystourethrography, 
ultrasonography, retrograde urethography, endoscopy, 
MRI

Prenatal diagnosis: ultrasonography for associated 
anomalies but the urethral defect may not be detected, 
MSAFP for associated neural tube and body wall defects

Cause: unknown, abnormal development of the caudal 
notochord and associated germ layers

Urethral duplication is a rare anomaly, usually seen in males. 
Clinical presentation will vary depending on the type of dupli-
cation present. It may be asymptomatic or associated with 
postmicturition dribbling, incontinence, or ectopic urethral 
openings in the prepubic area, the perineum, anus, or rectum. 
Patients occasionally present with acute abdomen, recurrent 
urinary tract infections, or a perianal abscess. Approximately 
40 percent have vesicoureteral reflux. In one series of 16 cases, 
the mean age at diagnosis was 29 months, with 10 cases having 
double meatus (Fig. 30.19.1).1

Effman classified male cases into three main groups, exam-
ples of which are shown in Figure 30.19.2.2 In type I, there is 
incomplete duplication and the accessory urethra has no con-
nection with the bladder or normal urethra. In type II, the 
duplication is complete and the accessory urethra is patent. In 
type IIA, there is double meatus; in type IIB, there is a single 
meatus; the two urethras arise separately from the bladder but 
join more distally. In type III, duplication of the urethra forms 
part of a more extended pattern of caudal duplication. Very 
occasionally there may be three or even four urethras. In one 
series,1 the proportion of cases falling into types I, II and III 
was 25 percent, 63 percent, and 12 percent, respectively. The 
duplication is usually ventral or dorsal; coronal duplication is 
more often associated with coronal bladder duplication.3

Patients may have other genitourinary tract anomalies 
such as renal ectopia, posterior urethral valves, and penile 
chordee; renal agenesis is rare. Ventral duplication is seen with 
hypospadias, and dorsal duplication with epispadias.4 Urethral 

Fig. 30.19.1 Urethral duplication in the coronal plane with double urethral 
meatus. (Reprinted from Salle et al.1)
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duplication may also occur with abnormal development of the 
urogenital sinus leading to bladder or cloacal exstrophy, or 
with lateral body wall defects. Associated anomalies of con-
tiguous and noncontiguous structures occur in almost all of 
these patients. Type III duplication occurs as a developmen-
tal field defect associated with partial or complete duplication 
of the hindgut anlage.4 Associated anomalies of contiguous 
structures include bifid penis or clitoris, diphallus, bifid scro-
tum, duplicated vulva and labia, duplicated or septate bladder 
and vagina, and duplication of the colon, rectum, and anus. 
Common associated anomalies outside the hindgut region 
include vertebral defects, meningomyelocele, and omphalo-
cele. Duplication of the urethra can be associated with two 
normal-appearing phalli, but more commonly there is one 
phallus with hypospadias or an urethral-rectal fistula.

Although much more frequent in males, urethral dupli-
cation does occur in females.5,6 Vaginal anomalies including 
duplication, atresia, and stenosis are frequent. Other than in 
the patterns of malformations already described, urethral 
duplication is rarely seen in conjunction with other anoma-
lies. It has been reported in VACTERL association7,8 and was 
found in a boy with progressive vitiligo, dysmorphic facies, 
and intellectual disability, whose parents were first cousins.9 
Another family of note was reported by Dodat et  al.10 Two 
brothers had penoscrotal transposition, in one case associ-
ated with diphallus. Their mother was born with a similar 
form of genital anomaly with a phallic structure between par-
tially fused labial folds. All three had absent or hypoplastic 
patellae.

Treatment: Treatment must be individualized depending on 
the presenting symptoms and the precise anatomy. Complete 
duplication without hypospadias may require no intervention. 
When surgical correction is required, it is important to ascer-
tain and preserve the most functional urethra rather than the 
one in the most anatomically normal position.1

Prognosis: Generally, the long-term prognosis for these 
patients is determined by severity of any associated anomalies. 
With respect to the urethral duplication itself, sexual function 
and fertility may be impaired in cases requiring extensive sur-
gical intervention.
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Fig. 30.19.2 Classification of urethral duplication modified from Effman et al.2 
Note that duplication may be in any plane. (Reprinted from Salle et al.1)
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31 | MALE GENITAL SYSTEM

ROGER E. STEVENSON*

intRODUCtiOn

Human sexual dimorphism results from two processes: genetic 
sex determination and sexual differentiation. Genetic sex is 
determined by the presence or absence of a Y chromosome in 
the sperm that is successful at ovum fertilization. Sexual dif-
ferentiation, on the other hand, is a complex, temporal series 
of events that act on early bipotent primordial embryonic cells 
and end with development of complementary male or female 
internal genitalia, external genitalia, body habitus, and brain 
development that define the human dimorphic state. In the 
absence of a Y chromosome, bipotent germ cells migrating 
from the yolk sac to the urogenital ridge follow a developmen-
tal course that leads to female internal and external genita-
lia (Chapter 32). However, the effect of a Y chromosome on 
these same primordial cells is to set in motion an elaborate 

choreographed sequence of molecular, hormonal, and ana-
tomical events that result in male genitalia (Figs. 31.I.1).

In recent years, the terminology of disorders of sexual 
differentiation has been revised to reflect the advances in 
understanding the molecular mechanisms underlying atypical 
development of the sexual structures and in response to ethi-
cal and social concerns. A consensus statement on the nomen-
clature and management of intersex disorders has been issued 
by the Lawson Wilkins Pediatric Society and the European 
Society for Pediatric Endocrinology.1

Male genitalia are derived from three distinct embryonic 
regions: the urogenital (or gonadal) ridge that gives rise to the 
testis, the mesonephric duct that gives rise to the male geni-
tal ducts (epididymus, vas deferens, and seminal vesicles) and 
the genital tubercle, urogenital folds, and scrotal folds that 
give rise to the penis and scrotal sac.2-9 Errors in any of these 

*Acknowledgement is made to Barbara C. McGillivray and Rick A. Martin who authored the chapter in previous editions of Human Malformations and Related Anomalies 
on which this revision is based.

Fig. 31.I.1 Cascade of molecular events leading to differentiation of male genitalia.
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processes can lead to genital anomalies.10 Those that are overt 
at birth lead to anxiety in the parents and caretakers and can 
herald considerable morbidity and mortality.

A N AT O M I C A L  E M B RY O L O G Y

In the fourth week, the primitive male gonad forms as a geni-
tal ridge of mesoderm tissue adjacent to the mesonephric kid-
ney. Also in the fourth week, primitive germ cells begin their 
migration from the wall of the yolk sac, through the hindgut 
mesentery, arriving at the gonadal ridge in the sixth week. Here 
they induce the genital ridge to form testes. As they penetrate 
the surface of the genital ridge, germ cells are encased in cords 
of epithelial cells derived from the gonadal surface. During 
puberty these cords form the seminiferous tubules, germ cells 
form sperm, and epithelial cells form Sertoli cells. Interstitial 
cells (of Leydig) that produce testosterone by the eighth week 
of development are derived from original mesoderm of the 
gonadal ridge.

Development of the genital ducts in the male is dependent 
upon incorporating remnants of the mesonephric kidney sys-
tem. This system appears in the fifth week, lateral to the gonadal 
ridge, and forms nephrons with collecting tubules and a col-
lecting duct called the mesonephric (Wolffian) duct. A parallel 
duct also forms called the paramesonephric (Müllerian) duct, 
but this duct degenerates when Müllerian-inhibiting substance 
(MIS), also called anti-Müllerian hormone (AMH), is produced 
by Sertoli cells. As the mesonephric kidney regresses, some 
of the collecting tubules adjacent to the gonad are coopted 
to connect to the prospective seminiferous tubules and form 
the efferent ductules. The mesonephric duct is also preserved, 
becomes highly coiled into the epididymis proximally, and 
forms the ductus deferens and ejaculatory duct distally. It also 

Fig. 31.I.2 Scanning electron micrograph of developing genital tract showing 
(A) gonad, (B) mesonephric ducts, paramesonephric ducts, and remaining 
mesonephros, (C) bladder, (D) definitive kidney (metanephros), and 
(E) gubernaculum. (Courtesy of Dr. Kathy Sulik, University of North Carolina, 
Chapel Hill.)

A

B

Fig. 31.I.3 Undifferentiated external genitalia, week 8. (Electron micrograph 
courtesy of Dr. Kathy Sulik, University of North Carolina, Chapel Hill; illustration 
courtesy of Dr. Stephen Gilbert, 1989, reprinted with permission by University  
Washington Press.)



M a l e  G e n i ta l   S y S t e M  |  825

gives rise to the seminal vesicle as an outpocketing near its 
entry into the prostatic urethra.

External genitalia begin to form as proliferations of meso-
derm appear on the surface of the embryo adjacent to the cloa-
cal membrane. At this stage, the cloaca is a small cavity that 
will soon divide into the bladder anteriorly and the anal canal 
posteriorly. It is covered by the cloacal membrane externally 
such that there is no opening into the amniotic cavity. The 
swellings that appear on either side of this membrane form the 
cloacal folds, and they are united superiorly to form the genital 
tubercle. Inferiorly, the folds are designated the urethral folds 
anteriorly and the anal folds posteriorly. Next another set of 
swellings, the genital swellings, are established lateral to the 
urethral folds. During the tenth week and under the influence 
of testosterone that is converted to dihydrotestosterone, all of 
these swellings and protuberances are stimulated to grow. The 
genital tubercle lengthens to form the phallus and pulls the ure-
thral folds with it, causing these folds fuse to form the penile 
urethra (Fig. 31.I.3). Later, the tip of the urethra in the glans 
forms by penetration of an epithelial cord from the surface. The 
genital swellings enlarge to become the scrotal swellings that 
then fuse in the midline to form the scrotal sac (Fig. 31.I.4).

Since the testes develop in the abdominal cavity, they 
must descend and pass through the anterior abdominal wall 
to reach the scrotum. This process is aided by the gubernac-
ulum, a fibrous structure that attaches the caudal pole of the 
testes to the scrotal floor (Fig. 31.I.2). As the embryo grows, 
this attachment by the gubernaculum, and later its regression, 
assists in pulling the testes through the inguinal canal into the 
scrotum. Normally the testes reach the inguinal canal by the 
third month, pass through the canal by the seventh month, and 
enter the scrotum by the ninth month.

M O L E C U L A R  E M B RY O L O G Y

Sry via Sox9 triggers male gonad development by initiating 
Sertoli cell differentiation (Table 31.I.1). A wave of Sry expres-
sion in the somatic cells of XY genital ridges activates Sox9, 
which maintains its own expression while promoting the 
expression of pro-testis genes. Both Fgf9 and prostaglandin 
D2 (PGD2) are thought to play a role in recruitment of Sertoli 
cells. DHH and PDGF secreted from Sertoli cells signal to 
adjacent Leydig cells, promoting their differentiation and reg-
ulating testis morphogenesis.9,11 In pre-Sertoli and pre-Leydig 
cells, SF1 regulates the expression of Sox9, Fgf9, and genes 
involved in steroidogenesis respectively. The male urogenital 
tract expresses the androgen receptor, which responds to DHT, 
a more potent derivative of androgen that is converted from 
testosterone by 5α-reductase. Androgen signaling promotes 
Wolffian duct maintenance as well as development of the pros-
tate and penis. Shh expressed in the urethral plate epithelium 
is necessary for growth of the bipotential genital tubercle as 
well as initiating growth of the penis.12
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Fig. 31.I.4 Continuous raphe from glans to perineum. (Illustration courtesy of 
Dr. Stephen Gilbert, 1989, reprinted with permission by University Washington 
Press.)



Gene Gene PRODUCt/lOCatiOn fUnCtiOn

StAR Steroidogenic acute 
regulatory protein
8p11.2

First step in steroid 
biosynthesis from 
cholesterol

HSD3β2 Type 2 3β-hydroxysteroid 
dehydrogenase
1p13

Converts 
androstenediol to 
testosterone

CYP17 P450C17
10q24.3

17α-hydroxylation of 
pregnenolone and 
progesterone

HSD17β3 Type 3 17β-hydroxysteroid 
dehydrogenase
9q22

Converts 
androstenedione to 
testosterone

SRD5A2 5α-reductase
2p23

Testosterone 
conversion to 
dihydrotestosterone

AR Androgen receptor(ligand TF)
Xq11-12

Mediates 
testosterone end 
organ action

DHH Desert hedgehog
12q13.1

Sertoli and Leydig 
cell differentiation

SHH Sonic hedgehog
7q36

Regulates GT 
polarization and cell 
survival

FGF8 Fibroblast growth factor 8
10q24

GT growth and 
patterning

FGF10 Fibroblast growth factor
5p13-12

GT growth and 
patterning

BMP4 Bone morphogenetic protein
14q22-23

GT cell apoptosis

WNT5A Signaling glycoprotein
3p21-24

GT cell proliferation

HOXD13 Homeobox protein
2q31-32

GT patterning

HOXA13 Homeobox protein
7p15-14.1

GT patterning

TF—transcription factor, MIS—Müllerian inhibiting substance, GT—genital tubercle, SM—signaling molecule

TABLE 31.I .1  Selected Genes that Play Significant Roles in Male 

Genital Development

Gene Gene PRODUCt/lOCatiOn fUnCtiOn

WT1 WT1
11p13

TF, gonadogenesis

NR5A1 Steroidogenic factor (SF1)
9q33

TF, gonadogenesis, 
Leydig 
differentiation, 
regulates 
steroidogenesis 
genes and MIS

NROB1 Nuclear receptor (DAX1)
Xp21.3

TF(repressor), 
gonadogenesis

LHX1 LIM Homeobox 
protein (LIM1)
17q11.2

TF, gonadogenesis

LHX9 LIM Homeobox protein
1q31-32

TF, gonadogenesis

EMX2 Drosophila head gap
10q26

TF, gonadogenesis

GATA4 GATA 4 binding protein
8p23.1-22

TF, gonadogenesis

FOG2 Friend of GATA Zinc finger 
protein
Chrom 8

TF, interacts 
with GATA4, 
gonadogenesis

SRY HMG box
Yp11.3

TF, activates and/
or represses 
downstream 
genes, testicular 
differentiation

SOX9 SRY HMG-box like protein
17q24-25

TF, Upregulation, 
testicular 
differentiation

CBX2 Chromobox homolog
17q25

TF, testicular 
differentiation

DMRT1/DMRT2 DM domain protein
9p24.3

TF, testicular 
differentiation

XH2(ATRX) DNA helicase
Xq13

TF, chromatin 
modulation

FGF9 Fibroblast growth factor 9
13q11-13

SM, mesonephric cell 
migration, Sertoli cell 
development

AMH MIS
19p13.3

SM,Regression of 
Müllerian structures

AMH-R1 AMH receptor(kinase) Required for 
signaling AMH type II 
receptor

AMH-R2 AMH receptor(kinase)
12q13

Regression of 
Müllerian ducts

LHR LH receptor(G-protein)
2p21

Leydig cell induction

TABLE 31.I .1 Continued
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31.1 aBSenCe Of tHe PeniS

(Aphallia, Penile Agenesis)

Definition: Failure of the penis to form.

ICD9/ICD10: 752.85/Q55.5 Syndrome Associations (Appendix)
Cloacal exstrophy
Sirenomelia
Urorectal septum malformation
Maternal diabetes

Birth prevalence: 1/10,000,000

Associated anomalies: renal and genitointestinal

Laboratory studies: chromosome analysis, endocrine

Prenatal diagnosis: unlikely

Cause: sporadic

A high percentage of cases of aphallia are associated with renal 
aplasia/dysplasia and imperforate anus. Absence of the penis 
may be a part of severe malformation complexes that involve 
the perineal area such as sirenomelia (Fig. 31.1.1), cloacal 
exstrophy and the urorectal septum malformation sequence.1-3 
A skin tag or dimple may be found on the perineum in some 
cases of sirenomelia. In cloacal exstrophy, there may be ves-
tiges of the penis on the margins of the exstrophy.

Aphallia results from failure of the genital tubercle to 
develop.2,4,5 It is extremely rare, with fewer than 100 cases 
reported.

Treatment and Prognosis: Historically, boys with aphallia 
have been reassigned a female gender at birth and undergone 
orchiectomy and vaginal reconstruction.6,7 However, recent 
controversy regarding issues surrounding gender reassignment 
suggests that significant counseling and parental education in 

this regard should be undertaken before proceeding with sur-
gical reconstruction.
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Fig. 31.1.1 A: Absence of the penis in an infant of a diabetic mother. B: Absence of the penis in a infant with sirenomelia. (Courtesy of Drs. Paul Austin and 
Douglas Coplen, University of Washington, St. Louis.)
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31.2 MiCROPeniS

Definition: Small but normally formed penis, measuring less than 2.5 standard deviations (SD) of the mean in length.1 
(Endocrinologists have established the convention of using –2.5 SD as the lower limit of normal rather than –2 SD, which is 
used for most continuously variable traits). Micropenis is to be distinguished from microphallus in that the latter is associated 
with hypospadias.

ICD9/ICD10: 752.64/Q55.62 Syndrome Associations (Appendix)
5-α-reductase deficiency (SRD5A2)
Androgen insensitivity, partial (DHTR)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Biemond, type II
CHARGE (CHD7, SEMA3E)
Cornelia de Lange (NIPBL, SMC1A, SMC3, 
RAD21, HDAC8)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
Laurence-Moon
Prader-Willi (del 15q)
Robinow (ROR2, WNT5A)
Schinzel-Giedeon (SETBP1)
Septo-optic dysplasia (HESX1)
Short rib polydactyly type I,II,III,IV (DYNC2H1, NEK1, 
WDR34, IFT140, IFT172, IFT80, WDR60)
Smith-Lemli-Opitz (DHCR7)
Ulnar-mammary (TBX3)
Chromosomal trisomies, duplications, deletions

Birth prevalence: 1/150

Associated anomalies: numerous and may involve any 
system

Laboratory studies: endocrine and chromosome studies, 
gene sequencing

Prenatal diagnosis: unlikely

Cause: normal variation, chromosomal, 
microduplications, microdeletions, Mendelian

Although micropenis is often diagnosed subjectively, the diag-
nosis should be based on measurement and morphologic cri-
teria. Micropenis has normal morphology with a glans penis, 
shaft, ventral median raphe, and urinary meatus on the glans 
penis (Fig. 31.2.1). Usually the meatus is placed at the tip of the 
glans penis, but a minor degree of hypospadias may be present. 

The foreskin may completely or only partially cover the glans 
penis. Micropenis may be accompanied by unilateral or bilat-
eral cryptorchidism. The appearance of the scrotum is quite 
variable, depending in part on the location and size of the testes.

Penis length is generally used to delineate penis size. 
Length is determined with the penis stretched to the point 

A B C

Fig. 31.2.1 Three males with micropenis. A: at birth; B: at age 6 years; and C: in adulthood. (Patient at right has Prader-Willi syndrome.)
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of resistance and measured along the dorsal surface from the 
pubis to the tip of the glans penis.1 The suprapubic fat pad is 
depressed as much as possible. Standards for penile length at 
various ages are available (Table 31.2.1).2-6 A penis of less than 
2.5 cm at term birth is considered a micropenis. In the adult, 

9.3 cm is considered the lower limit of normal. There is some 
variation in normal penile length based on ethnicity.7-9 The 
period of greatest penile growth occurs during the pubertal 
years. The stage of puberty must be taken into account when 
assessment is made during these years. Penile diameter and 
circumference may also be used in determining penis size, but 
these measurements are more difficult to obtain in a standard-
ized manner. Danon et al. have measured the length and width 
of the (unstretched) penis with ultrasound during the last half 
of pregnancy.10 The question of micropenis or sexual ambigu-
ity may arise during prenatal diagnosis when the ultrasound 
appearance of the genitalia does not agree with the amniocen-
tesis results.

Micropenis must be distinguished from the buried or hid-
den penis (Entry 31.5). In such a case the normal size penis is 
embedded in the suprapubic fat pad or hidden by encircling 
folds of the scrotum. In both circumstances the surrounding 
soft tissues may be pressed away from the shaft, allowing the 
penis to be seen and measured. Micropenis must also be distin-
guished from an enlarged clitoris that might be associated with 
congenital adrenal hyperplasia. Usually confusion arises only if 
the urinary meatus is displaced from the glans penis. The penis 
normally has a single median raphe; in contrast, the clitoris has 
two paramedian frenulae that extend onto the labia minora.

Several pathogenetic mechanisms may result in micro-
penis.11-16 Hypergonadotropic (primary) hypogonadism is a 
feature in numerous conditions. Early androgen production 
in these conditions is presumably sufficient for complete dif-
ferentiation of the genitalia but insufficient to produce normal 
penile growth. The testes are small in these patients, plasma 
testosterone level is low, and the gonadotropin luteinizing hor-
mone (LH) level is elevated. A  less severe degree of hypogo-
nadism may explain some cases of micropenis in otherwise 
normal males.

Hypogonadism resulting in micropenis may also be caused 
from inadequate gonadotropin production (hypogonadotropic 
hypogonadism) either because of primary pituitary insuffi-
ciency or a primary hypothalamic dysfunction. Pituitary stim-
ulation of the testes begins at about 14 or 15 weeks gestation, a 
point at which differentiation of the male genitalia is complete.

Androgen action on penile growth is also abnormal in 
5α-reductase deficiency and androgen insensitivity syndrome 
(Entry 31.14). 5α-reductase deficiency results in low or absent 
dihydrotestosterone levels and is typically associated with gen-
ital ambiguity rather than isolated micropenis.13 Genital tissue 
may also be insensitive to normal amounts of androgens as 
a result of androgen receptor (AR) point mutations or CAG 
repeat expansions in exon 1 of the AR gene causing decreased 
expression.14,15 In complete androgen insensitivity syndrome 
(Entry 31.14), the AR receptor is rendered nonfunctional, 
resulting in complete lack of masculinization and conse-
quent development of female external genitalia. AR mutations 
that fail to completely inactivate the receptor (partial andro-
gen insensitivity syndrome) result in ambiguous genitalia or 
micropenis with hypospadias (microphallus). Isolated micro-
penis as a result of an AR mutation is rare.14,15

Finally, isolated micropenis may be the result of Leydig cell 
hypoplasia caused by mutations in the luteinizing hormone 

TABLE 31.2.1  Stretched Penile length (cm) in normal Malesa

Mean ± SD Mean MinUS 2.5 SD

Pretermb

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

1.50*

1.60

1.75

1.90

2.10

2.25

2.40

2.55

2.70

2.85

3.10

3.25

3.40

3.55

3.70

0.60*

0.75

0.90

1.15

1.25

1.40

1.55

1.75

1.90

2.10

2.25

2.40

2.55

2.70

2.85

0–5 months 3.9 ± 0.8 1.90

6–12 months 4.3 ± 0.8 2.30

1–2 years 4.7 ± 0.8 2.60

2–3 years 5.1 ± 0.9 2.90

3–4 years 5.5 ± 0.9 3.30

4–5 years 5.7 ± 0.9 3.50

5–6 years 6.0 ± 0.9 3.80

6–7 years 6.1 ± 0.9 3.90

7–8 years 6.2 ± 1.0 3.70

8–9 years 6.3 ± 1.0 3.80

9–10 years 6.3 ± 1.0 3.80

10–11 years 6.4 ± 1.1 3.70

17–19 yearsc 12.5 ± 2.5 7.50

Adult 13.3 ± 1.6 9.30

aData (0–5 through 10–11 years and adult) based on Schonfeld and Beebe2, unless otherwise noted.
bPreterm data based on Tuladhar et al.5 (*no standard deviations, **values are 5th percentile)
cData 17–19 years based on Ponchietti et al.6
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receptor gene, although such defects typically result in more 
severe degrees of undermasculinization (Entry 31.14).16

Using  –2.5 SD as the cut off between normal and small, 
0.6  percent of males will have micropenis as a part of nor-
mal variation. Normal variation thus constitutes the single 
largest cause of micropenis. Patients so affected have nor-
mal hypothalamic-pituitary-gonadal function, no associated 
anomalies, and masculinize appropriately at puberty. Increased 
risk of micropenis has been attributed to endocrine-disrupting 
chemicals from environmental and occupational exposure.17

In the Johns Hopkins series of 132 genetic males with 
underdevelopment of the genitalia, 45 had micropenis with 
otherwise normally formed genitalia (16 had female-appearing 
genitalia and 71 had ambiguous genitalia).12 Of the 45 males 
with micropenis, 14 (31  percent) had hypothalamic or pitu-
itary dysfunction, 11 (23  percent) had primary hypogonad-
ism, one (2 percent) had partial androgen insensitivity, and 19 
(42 percent) had micropenis of undetermined cause.

The evaluation of micropenis is best initiated immedi-
ately upon recognition, usually at birth. Parents should be 
involved from the outset and should be given full information 
as it becomes available. Genetic sex, internal anatomy, and the 
cause of the genital ambiguity must be quickly determined 
when the genital sex of the baby is called into question because 
of the size of the phallus. When the genitalia are clearly male 
with isolated micropenis, sex of rearing may be the only issue 
for resolution.

Treatment: Lee et al. suggest the sex of rearing to be female 
when the penis is unequivocally small at birth, namely less than 
2.5 SD below the mean.17 In contrast, Burstein et  al. believe 
that the decision regarding sex of rearing can be based on the 
growth response to short-term androgens (one or two 3-month 
courses of intramuscular testosterone enanthate).18 If the penis 
responds to androgen stimulation and reaches normal size for 
age, male sex of rearing is advocated. However, a penile growth 
response to such a trial does not assure that appropriate genital 
maturation, masculinization, and spermatogenesis will occur 
at puberty. The infant who is to be reared as female requires 
further reduction in penis size, removal of the testes, move-
ment of the urinary meatus to the perineum, and construction 
of a vagina. Female hormones can be provided at the age of 
puberty. The infant to be reared as male may require hormonal 
treatments and augmentation phalloplasty.19,20

Prognosis: Long-term follow-up on individuals with 
micropenis raised as either male or female has been lim-
ited.20-23 Wisniewski et  al. surveyed 18 genetic males with 
micropenis, 13 raised as males and five as females.22,23 
Lifelong problems related to treatment and outcomes were 
common to both groups. However, almost all indicated sat-
isfaction with their sex of rearing and their conclusion, also 
supported by that of Bin-Abbas et al. and Callens et al. was 
that male gender assignment is preferable for most infants 
with micropenis.20,24

Most men with the conditions having micropenis are sub-
fertile. The ultimate prognosis for micropenis is measured in 
terms of the ability to urinate from a standing position and 
to achieve adequate sexual function. In the neonatal period, 
however, understanding and acceptance of the defect by the 
parents and family and determination of the sex of rearing are 
the major issues. The difficulty for parents and for the diagnos-
tic and counseling team increases when the sexual structures 
are ambiguous.
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31.3 HyPOSPaDiaS

Definition: Displacement of the urethral meatus ventrally and proximally from the tip of the glans penis.

ICD9/ICD10: 752.6/Q54.9 Syndrome Associations (Appendix)
ATRX (ATRX)
Fraser (FRAS1, GRIP1, FREM2)
Fryns
Hand-foot-genital (HOXA13)
Jarcho-Levin (MESP2, LFNG, HES7, DLL3)
Lenz microphthalmia
Meckel (MKS1)
Opitz GBBB (MID1)
Rieger (PITX2)
Roberts SC (ESCO2)
Russell-Silver (CDKN1C, GRB10, hypomethylation H19, 
7p11.2 mat UPD)
Short rib polydactyly type I,II,III,IV (DYNC2H1, NEK1, 
WDR34, IFT140, IFT172, IFT80, WDR60)
Smith-Lemli-Opitz (DHCR7)
Wilms-Aniridia (WT1)
Chromosomal XXY, XXXXY
Trisomies 13, 18
Prenatal valproate, hydantoin, trimethadione, 
diethylstilbestrol exposure

Birth prevalence: 1/250

Associated anomalies: other genitourinary

Laboratory studies: karyotype, gene sequencing, 
abdominal ultrasonography, cystography

Prenatal diagnosis: not reliable

Cause: sporadic, chromosomal, Mendelian, environmental

Hypospadias is classified according to the position of the 
meatus on the penile shaft. First-degree (anterior) hypospa-
dias has the urethral meatus in the distal third of the penis 
(includes glandular and coronal); second-degree (mid) has the 
opening between the distal third to the penoscrotal junction 
(penile); and third-degree (posterior) has scrotal or perineal 
openings (Figs. 31.3.1, 31.3.2).1,2

The diagnosis is often made at birth, but glandular hypo-
spadias may be missed. Such males may present later with 
deviation of the urinary stream. The presence of testes should 
be ascertained, as females with congenital adrenal hyperplasia 

may present similarly (Fig. 31.3.3). Hypospadias may be asso-
ciated with chordee of the penis. Renal malformations are 
more likely with severe degrees of hypospadias.3 Hypospadias 
occur in a number of chromosomal, single gene, and other 
multisystem syndromes.

Investigations may include abdominal ultrasound, ret-
rograde urethrocystography, or a voiding cystourethrogram. 
A  prostatic utricle, usually a rudimentary structure derived 
from the Müllerian duct and the urogenital sinus, may be 
enlarged in association with hypospadias and create a source 
for recurrent urinary tract infections.

The classic embryologic explanation of hypospadias is fail-
ure of the urethral folds to completely fuse during development 
of the penile urethra (Fig. 31.I.3). Such fusion requires dihy-
drotestosterone (DHT), so any mechanism that reduces DHT 
availability may cause hypospadias. However, the majority of 
isolated cases of hypospadias do not appear to have any abnor-
malities of DHT production or receptor response, which raises 
the possibility of additional etiologic mechanisms. Baskin et al. 
demonstrated that significant urethral seam remodeling and 
cell migration occur after urethral fold fusion and suggested 
that disruption in these processes may lead to hypospadias.4

The incidence of hypospadias appears to be increasing not 
only in the United States but in Europe as well.5-7 The incidence 
in the United States doubled from 2/1,000 births to 4/1,000 
births between 1973 and 1993. The use of maternal sex hor-
mones has been questioned, and the frequency of hypospadias 

Fig. 31.3.1 Schematic shows various locations of urethral meatus in 
hypospadias.
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appears to be increased with assisted reproduction.8-10 However, 
an extensive meta-analysis of first trimester fetal maternal hor-
mone exposure does not support this association.11 Another 

theory to explain the increase in hypospadias is a rise in envi-
ronmental exposure to endocrine disrupters, emphasized in a 
recent study that demonstrated an association of intrauterine 
growth deficiency with hypospadias.7,12,13 Other birth defects 
occur in 8 to 12 percent of cases and most frequently involve 
the genital or inguinal regions.1,14-16

Single gene inheritance has been proposed (autosomal 
dominant and autosomal recessive) for a small number of 
families with isolated hypospadias, but a 9 to 10 percent recur-
rence rate is more consistent with multifactorial causation 
with both genetic and environmental factors.8,12 Androgen 
receptor defects do not appear to be a significant cause for 
isolated hypospadias, but 5α-reductase type 2 mutations 
have been described in 8.6  percent of males with isolated 
hypospadias.17,18

Prenatal diagnosis of isolated hypospadias would be 
unlikely unless severe and associated with microphallus. If the 
hypospadias is part of a syndrome or chromosome anomaly, 
prenatal diagnosis could be directed to detectable components 
of the syndrome.

Treatment: Of immediate concern in hypospadias is the 
assessment and treatment of associated conditions, including 
possible renal tract problems. Numerous surgical approaches 
have been used for repair of first-degree or anterior hypo-
spadias using various combinations of meatal advancement, 
urethroplasty and glanuloplasty.19,20 Such surgery is mainly 
for cosmetic reasons and correction of urinary flow direction. 
Complications of these procedures can include fistula forma-
tion, meatal stenosis, and regression of the neomeatus.

More severe degrees of hypospadias are often corrected 
with staged procedures and microscopic techniques. Repair 
is done at a much earlier age, prior to age one year, believed 
to be desirable for psychological reasons. The initial decision 
of whether to repair a hypospadias must depend on the cause 
and on the amount of penile tissue available (especially the 

A

B

C

Fig. 31.3.2 A: Glandular hypospadias. B: Penile hypospadias. C: Scrotal 
hypospadias. (Courtesy of Drs. Paul Austin and Douglas Coplen.)

Fig. 31.3.3 Glandular hypospadias in female with congenital adrenal 
hyperplasia. (Courtesy of Drs. Paul Austin and Douglas Coplen, Washington 
University, St. Louis.)
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corpora) with the goals being acceptable cosmetic appearance, 
urination from standing, and adequate sexual function.

Prognosis: Although the long-term prognosis following 
surgical reconstruction for hypospadias is generally good, the 
appearance, sexual function, and postsurgical complications 
make the outcome less than optimal.21,22
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31.4 ePiSPaDiaS

Definition: Dorsal malposition of the penile urethra.

ICD9/ICD10: 752.61/Q64.0 Syndrome Associations (Appendix)
Bladder exstrophy-epispadias complex

Birth prevalence: 1/30,000 to 1/120,000

Associated anomalies: bladder or cloacal exstrophy

Laboratory studies: none

Prenatal diagnosis: ultrasound when associated with 
exstrophy

Cause: sporadic

The severity of penile urethral malposition in isolated epi-
spadias is broad and represents a continuum, but three gen-
eral classifications exist: balanic epispadias, where the meatus 
opens on the dorsal aspect of the glans; penile epispadias, 
where the urethral plate is open along the length of the dor-
sal penis; and penopubic epispadias, where the urethral plate 
and bladder neck are widely open with a deficient external 
sphincter, short penis, and variable separation of the symphy-
sis pubis. Penopubic epispadias is the most common form of 
isolated epispadias (Fig. 31.4.1).1,2

Epispadias may occur as an isolated defect but is found 
more commonly in association with exstrophy of the bladder, 
which occurs much more frequently, perhaps as often as 1 per 
30,000 livebirths. This association is referred to as the bladder 
exstrophy and epispadias complex (BEEC).3-5 Some believe that 
cloacal exstrophy and OEIS (omphalocele, exstrophy, imperfo-
rate anus, and spinal defects) are also part of the spectrum and 

represent its most severe end.6 BEEC is rarely seen as part of a 
broader pattern of malformation or other syndrome outside of 
OEIS. The occurrence of BEEC is generally sporadic, although 
a number of familial cases have been described.3,4 There has 
been one report suggesting an association of in vitro fertiliza-
tion and BEEC.7 Bladder exstrophy has been diagnosed ante-
natally but not isolated epispadias.8

Treatment: The goal of surgical repair is to allow voiding in 
the standing position, maintenance of urinary continence, and 
a straight penis for adequate sexual functioning. Numerous 
techniques and modifications for epispadias repair have been 
used since Thiersch’s first description in 1869.9 The most widely 
used modern approach has been the Cantwell-Ransley repair, 
although more recently the technique of complete disassembly 
of the corporal bodies and urethral plate described by Mitchell 
has been gaining acceptance.10,11 Repair of the bladder and 
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abdominal wall, usually staged, is also necessary in cases of 
bladder exstrophy.

Prognosis: Little comparable data exist as to the extent of 
psychological impact BEEC has on the affected male, and there 
is conflict among the data of the existing studies.12,13 Clearly the 

effect on appearance and function of the penis put the affected 
male at risk for lifelong difficulties.
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31.5 HiDDen OR COnCealeD PeniS

(Buried Penis, Penis Palmatus)

Definition: Normal size penis that appears to be small because of surrounding tissue.

ICD9/ICD10: 752.9/Q55.64 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: normal variation

The penis may be concealed as a result of redundant prepu-
bic tissue (buried penis), hidden in excess scrotal tissue (penis 
palmatus), or obscured by hernia or hydrocele (Fig. 31.5.1). 
Phimosis, post-circumcision adhesions, and trauma can also 
conceal the penis. Numerous etiologies for buried penis have 
been suggested: (1) dartos band attachment only to the corona 
(and not the shaft) of the penis, (2)  inferior displacement of 
the root of the penis, and (3) large suprapubic fat pad, among 
others.1-3

Several varieties of penis palmatus are described, all 
related to abnormalities of scrotal placement. Webbed penis 

is the result of the scrotal placement on the proximal shaft of 
the penis. Other variants are the doughnut scrotum and the 
shawl scrotum. No familial forms of concealed penis have been 
reported, and it does not frequently appear as part of a broader 
pattern of malformation.

Treatment: Surgical correction of buried penis is advocated 
if it has not resolved by the age of toilet training. There appear 
to be as many surgical approaches as there are proposed etiolo-
gies.1 Correction of penis palmatus involves variations on Z 
and V-Y plasties.

Fig. 31.4.1 Penopubic epispadias. (Courtesy of Drs. Paul Austin and Douglas 
Coplen, Washington University, St. Louis.)
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Prognosis: In addition to the cosmetic embarrassment of 
a hidden penis, the condition also predisposes to difficulty 
directing the urinary stream, persistent wetness, balanopos-
thitis, and urinary tract infections.
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31.6 MeGalOURetHRa

Definition: Dilation of the penile urethra.

ICD9/ICD10: 753.93/Q64.79 Syndrome Associations (Appendix)
Maternal diabetes

Birth prevalence: very rare, less than 100 cases reported

Associated anomalies: other genitourinary, 
gastrointestinal and vertebral anomalies

Laboratory studies: radiographs, urinary tract imaging

Prenatal diagnosis: ultrasonography

Cause: sporadic, environmental

Two types of megalourethra are usually described:  absence 
of both corpora cavernosa and corpus spongiosum (fusiform 
variety) and, more commonly, absence of corpus spongiosum 
alone (scaphoid type) (Fig. 31.6.1). The male infant presents 
at birth with an enlarged, flaccid penis, often in association 
with abdominal distension or prune belly sequence. Urinary 
obstruction is associated with megacystis, hydroureters, and 
hydronephrosis.1,2 The fusiform variety of megalourethra is 
associated with absence of all erectile tissue and results in mas-
sive dilation of the penis. It is often accompanied by upper tract 

damage with renal dysplasia and it is frequently associated 
with other malformations, including anal atresia and hemiver-
tebrae (Table 31.6.1). The scaphoid type of megalourethra has 
intact corpora cavernosa and milder penile dilation. Infants 
may have urinary infection on the basis of stasis and balloon-
ing of the penis during voiding; older children may present 
with dribbling or enuresis. Megalourethra has been described 
infrequently in association with posterior urethral valves.3

Nesbit first used the term megalourethra in 1955.4 The 
cause of megalourethra is unknown.5-8 The most widely held 

A B

Fig. 31.5.1 Two examples of hidden penis. (Courtesy of Drs. Paul Austin and Douglas Coplen, Washington University, St. Louis.)
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theory is that it results from a mesenchymal defect of the ure-
thra. Absence, poor migration, or underdevelopment of this 
tissue is thought to result in the deficient corpora. Another 
hypothesis is that megalourethra is a form fruste of the prune 
belly sequence, with distal urethral obstruction resulting from 
delayed canalization of the glans urethra as the primary insult. 
The defect is rare, with less than 100 cases being described in the 
literature1. Recurrence within families has not been described. 
Prenatal diagnosis of megalourethra has been reported.9-11

Treatment: The classic surgical approach consists of urethral 
reconstruction using the Nesbitt procedure involving reduc-
tion of excess skin and urethra with urethroplasty over a cath-
eter.4 Reimplantation of ureters may be necessary for reflux. 
Imperforate anus is initially treated with colostomy. Attention 
must be paid to avoidance of urinary infection, and antibi-
otic prophylaxis may be of help.9 In surviving infants, severe 
lesions of erectile tissue, primarily of the fusiform type, will 
be associated with impotence. For this reason, reassignment 
of sex rather than phallic reconstruction has been the tradi-
tional method, although questions about this approach have 
been raised (Entry 31.14). A primary goal should be optimal 
renal function.

Prognosis: The prognosis of megalourethra will depend on 
the degree of upper tract damage as well as the nature and 
severity of extraurinary tract malformations. The majority of 
cases present with significant genitourinary anomalies (Table 
31.6.2). Those infants with prune belly sequence and Potter 
sequence do poorly, and most die of respiratory complica-
tions. Renal failure from the secondary dysplasia is a frequent 
finding in lethal cases. The fusiform lesion, with severe dila-
tion and other malformations, generally has a poor progno-
sis. Infants with the scaphoid lesion may survive with varying 
degrees of renal function.
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Fig. 31.6.1 Scaphoid type of megalourethra.

TABLE 31.6.1  Megalourethra: Clinical findings in 32 Cases

finDinG nO.

Large penis 28

Scaphoid lesion 25

Fusiform lesion 7

Hypospadias 2

Megacystis 20

Hydronephrosis 24

Renal malformation 11

Imperforate anus 7

Other extraurinary anomalies 7

TABLE 31.6.2  Mortality and Morbidity of Megalourethra

SCaPHOiD fUSifORM tOtal

N 60 18 78

Age of diagnosis (yr) 1.9 0.2 1.5

Anomalies

All 80% 100% 86%

GU 60% 100% 69%

Mortality

All 13% 66% 25%

Pre-1980 30% 63% 40%

1980-present 7% 70% 20%

Adapted from Jones et al.1
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31.7 DiPHallia

(Penile Duplication)

Definition: The presence of two penile structures.

ICD9/ICD10: 752.69/Q55.69 Syndrome Associations (Appendix)
None

Birth prevalence: 1/5,000,000 to 1/6,000,000

Associated anomalies: urinary tract, gastrointestinal 
tract, musculoskeletal

Laboratory studies: urinary tract imaging

Prenatal diagnosis: ultrasonography

Cause: unknown

Diphallia occurs in one of two circumstances. The most 
common presentation is termed bifid phallus, whereby the 
corporate are divided and each is associated with a distinct 
hemigland. In true diphallia, each penis has normal corporal 
structures (Fig. 31.7.1). Within these two groups the pheno-
typic spectrum is wide, ranging from two normally developed 
penes to just an accessory rudimentary penile structure.

Penile duplication is typically associated with other uri-
nary tract malformations such as bladder exstrophy or dupli-
cation. There is some suggestion that the risk of genitourinary 
and other malformations is greater in cases of true diphallia 
(Table 31.7.1).

Diphallia is rare. First described by Wecker in 1609, it 
is estimated to occur in only 1 per 5  million births.1-3 The 

pathogenesis of diphallia is not clear but likely involves dupli-
cation of the cloacal membrane and genital tubercle. Diphallia 
is typically a sporadic and isolated malformation. However, 
one family has been reported in which diphallia was associated 
with penoscrotal transposition and patellar aplasia.4 Prenatal 
diagnosis using ultrasound was reported by Tu et al.5

Treatment and Prognosis: Several aspects of penile dupli-
cation need to be determined before attempting any correc-
tion. All associated genitourinary malformations need to be 
identified and their repair anticipated. Second, a detailed 
assessment of the corporal bodies and neurovascular bundles 
needs to be performed. One or both penises often have erectile 
and sometimes ejaculatory function, but the primary surgical 
goal is to separate the urogenital and gastrointestinal tracts 
and establish urinary continence. Penile ultrasound and mag-
netic resonance imaging have been useful imaging modalities 
in such cases.6-8
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Fig. 31.7.1 Diphallia. (Courtesy of Dr. Marilyn Jones, University of California, 
San Diego.)
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TABLE 31.7.1  Concomitant findings in Diphallia*

anOMalieS

tRUe  

DiPHallia (n)

BifiD  

PHallUS (n)

Total cases 50 27

Upper urinary tract

Renal agenesis 1 1

Ectopic kidney 3 0

Horseshoe kidney 4 0

Bilateral duplication 1 0

Bifid ureter 1 1

Single ureter 1 0

Bladder

Exstrophy 5 4

Duplication 15 3

Third urethra 2 0

Scrotum

Bifid 17 1

Undescended testes 1 1

anOMalieS

tRUe  

DiPHallia (n)

BifiD  

PHallUS (n)

Gastrointestinal tract

Imperforate anus 16 3

Colon duplication 8 1

Pyloric stenosis 1 0

Urointestinal fistula 5 0

Musculoskeletal

Pubic diastasis 14 3

Lumbosacral anomalies 10 2

Foot anomalies 7 1

Limb hypoplasia 4 0

Hernias 8 0

Cardiac anomalies 1 0

Liver anomalies (abnormal 
lobation)

1 0

*from Gyftopoulos et al.2

TABLE 31.7.1 Continued

31.8 PenOSCROtal tRanSPOSitiOn

Definition: Location of the scrotal sac cephalad to the penile shaft rather than in its normal position caudal to the penis.

ICD9/ICD10: 752.81/Q55.23 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: other genitourinary, cardiac, 
gastrointestinal

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: unknown

Penoscrotal transposition (PST) can be complete or partial 
(Fig. 31.8.1). Partial forms of PST have been given various 
terms such as shawl, bifid, doughnut, or prepenile scrotum.1

The cause of PST is not known. One hypothesis put forth is 
failure of the urogenital sinus to develop, associated with fail-
ure of the labioscrotal swellings to move dorsally2. This view 
presupposes that the penis remains in its anatomically correct 
position and is supported by the occurrence of the PST equiv-
alent (clitoral transposition) in females.3,4 However, there are 
cases of PST where the penis is clearly malpositioned posteri-
orly to the anatomically correct position of the scrotum (Fig. 

31.8.2).5 Unilateral PST has been reported.6,7 PST is usually 
associated with other genitourinary defects, often hypospadias 
and renal defects. However, a host of other malformations have 
also been frequently reported suggesting significant heteroge-
neity.8 Familial cases were reported in 13 percent of 53 patients 
reviewed, and X-linked inheritance as a result of an androgen 
receptor defect is likely.1,9 PST (bifid scrotum) has been diag-
nosed by ultrasound prenatally.10

Treatment: The traditional concept of PST is that it is the 
scrotum that is in malposition while the penis is in its normal 
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location. It is on the basis of this tenet that all of the classical 
repair approaches are based. Repair in this manner involves 
scrotal rotation and advancement flaps. At least one group sug-
gests that it is the penis that is in malposition, not the scrotum, 
and advocates a completely novel pull-through technique to 
reposition the penis.11

Prognosis: The major cause of morbidity and mortality in 
PST are the severe renal dysplasia and aplasia so often seen. 
Malformations of the gastrointestinal tract and heart also take 
their toll. However, survival is possible in uncomplicated cases, 
and fertility has been described.5
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A

 

B

Fig. 31.8.1 Penoscrotal transposition. A: Complete. B: Partial. (A, courtesy of Dr. Dorothy Grange, Washington University, St. Louis; B, courtesy of Dr. Lynne Bird, 
University of California, San Diego.)

Fig. 31.8.2 Penoscrotal transposition (PST) with severe posterior location 
of penis.
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31.9 eCtOPiC/aCCeSSORy SCROtUM

Definition: A scrotum outside of its normal anatomical location. An accessory scrotum is, by definition, also an ectopic 
scrotum.

ICD9/ICD10: 752.89/Q55.20 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: other urogenital

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: unknown

The perineum is the typical location of ectopic scrotum, but it 
can also be found in the inguinal region and the medial thigh.1 
An ectopic scrotum on the penis has also been described (Fig. 

31.9.1).2 A normal testicle is usually in or near the scrotal sac. It 
is frequently associated with other urogenital anomalies.

Ectopic and accessory scrotums are rare. An anomalous 
tail of the gubernaculum has been proposed as the etiology for 
this defect. While this explanation is reasonable for the ingui-
nal placement of an ectopic scrotum, it does not explain those 
found in the perineum, thigh, or penis. The role of the guber-
naculum and other mechanisms in this regard is explored in 
detail by Hoar et al.3

A normal testicle is often associated with ectopic scrotum 
and, with surgical relocation of the scrotal sac, the testis can 
usually be preserved.
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31.10 CRyPtORCHiDiSM

Definition: Failure of one or both testes to descend into the scrotum by the time of term birth.

ICD9/ICD10: 752.51/Q53.9 Syndrome Associations (Appendix)
Aarskog (FGD1)
Apert (FGFR2)
Cardiofaciocutaneous (BRAF, MAP2K2, KRAS)
Costello (HRAS)
Distal arthrogryposis 2A (MYH3)
Distal arthrogryposis 2B (MYH3, TNNT3, 
TNNI2, TPM2)
Noonan (PTPN11, SOS1, RAF1, KRAS, SHOC2, BRAF, 
MAP2K1, NRAS, RIT1)
Sotos (NSD1)
Prenatal diethylstilbestrol exposure

Birth prevalence: 1/25 to 1/35

Associated anomalies: all systems in the various 
syndrome associations

Laboratory studies: ultrasonography, genitourinary 
structures

Prenatal diagnosis: unlikely

Cause: sporadic, chromosomal, Mendelian, 
environmental

Fig. 31.9.1 Accessory scrotum of the penis. (Courtesy of Drs. Paul Austin and 
Douglas Coplen, University of Washington, St. Louis.)
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The diagnosis may be made by observation at birth or later. 
Bilateral undescended testes may be associated with a small, 
flat scrotum and is more readily noted than unilateral crypt-
orchidism (Fig. 31.10.1). A unilateral undescended testis can 
be missed unless the scrotum is palpated. Cryptorchidism 
is normal in the preterm male, so examination should be 
repeated at intervals. Care should be taken to exclude the 
retractile testis by examination with the child in a variety of 
positions or in a warm bath. Additional investigations can 
include ultrasound to delineate renal structures, intraab-
dominal testes, or the presence of Müllerian structures 
and measurement of serum testosterone before and after 
stimulation to document presence of intraabdominal testes. 
Measurement of a baseline anti-Müllerian hormone (AMH) 
level has been shown to have a higher predictive value than 
stimulated testosterone studies in determining the likelihood 
of testicular dysgenesis or anorchia in cryptorchid prepuber-
tal males.1

About 3 to 4 percent of males with a birth weight >2500 
grams and 21 to 23 percent of male infants with a birth weight 
<2500 grams will have an undescended testicle.2 One-fourth 
of these cases will be bilateral. By age three months, the 
incidence falls to 0.8 percent,3 with the descent of the testes 
believed to be secondary to increased testosterone levels in 
infancy. Of those cases of truly undescended testes (versus 
retractile), about half are found intraabdominally at sur-
gical exploration, and the other half are absent or atrophic 
(Entry 31.11).4 Renal anomalies are seen in 3 to 5  percent 
of affected males and are more likely in cases with bilateral 
cryptorchidism.

The etiology of cryptorchidism is clearly heterogeneous, 
since it occurs in numerous syndromes and disorders of 

undermasculinization.5-7 Part of this heterogeneity is due 
to the multistage process of testicular descent that involves 
a complex interaction of gonadotropins, androgens, and 
mechanical mechanisms. Cryptorchidism is an almost uni-
versal finding in various conditions of 46,XY Disorder of Sex 
Development (Entry 31.14) and hypogonadism syndromes 
associated with micropenis (Entry 31.2), for which the pau-
city of androgens or androgen receptors can at least be par-
tially implicated. The mechanisms for the pathogenesis of 
syndromal and isolated cryptorchidism, on the other hand, 
are poorly understood. Two genes necessary for testicular 
descent—INSL3 (insulin-like factor 3) and its receptor, RXFP2 
(leucine-rich repeat-containing G protein-coupled receptor 
8)—are believed to be involved in the growth and thickening 
of the gubernaculum, which are critical to the intraabdomi-
nal descent of the testis. Mutations in these genes have been 
found only in a small number of children with cryptorchi-
dism.10 Prenatal exposure to diethylstilbestrol has been linked 
to cryptorchidism.9 An association between prenatal exposure 
to chemicals in the environment that disrupt the endocrine 
system and cryptorchidism has been suggested, but the evi-
dence is inconclusive.6,9

Treatment: Initial treatment of cryptorchidism often involves 
hormonal stimulation with human chorionic gonadotropin, 
testosterone, or gonadotropin-releasing hormone, at about six 
months of age.11 Published success rates vary, with evidence 
suggesting that the best results are obtained with retractile tes-
tes or inguinally positioned testes. Because of the low efficacy 
and possible adverse effects of hormonal therapy, orchidopexy 
has become the currently preferred treatment.7,12 Surgery has 
met with greater than 75 percent success in centers with anes-
thesiology, surgery, and urology expertise in children. The 
optimum age for surgery appears to be prior to age one year. 
Orchidopexy may reduce the risk of neoplasm in the unde-
scended testes and also allows testicular self-examination.7,12,13 
There appears to be an increased risk of neoplasm if surgery 
is not performed by age 10 years. The risk of testicular cancer 
in men who have not had orchidopexy is broad, ranging from 
a relative risk of 2 to 32.14 About 20 percent of tumors in men 
with unilateral cryptorchidism occur in the contralateral nor-
mally descended testicle.

For testes that are not palpable or viewable on ultrasound, 
open surgical or laparoscopic exploration are the only options. 
If a testis is discovered, it can be brought down to the scrotum 
or removed depending on how atrophic it appears.11

Prognosis: The long-term outlook for fertility is improved 
for those treated early.15 In males undergoing orchidopexy 
after the age of five years, fertility was markedly decreased 
in bilateral cryptorchidism and unchanged with unilateral 
cryptorchidism.16 In contrast, fertility is thought to be nor-
mal in those males with retractile testes. Surgery by age one 
to two years may be technically easier, may increase initia-
tion of tubular maturation, and may decrease undesirable 
changes that may be associated with infertility (mitochon-
drial degeneration, volume loss, increased deposition of 
collagen).Fig. 31.10.1 Bilateral cryptorchidism.
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31.11 aBSent OR SMall teStiS

(Anorchia, Testicular Agenesis, Microorchia, Male Agonadia)

Definition: Absent testis: failure of both testes to form in an individual with a Y chromosome. Microorchia: a testis that 
measures 2 SD or more below the mean volume for age.

ICD9/ICD10: 752.89/Q55.0 Syndrome Associations (Appendix)
Anorchia
OEIS
Sirenomelia
Microorchia
Alstrom (ALMS1)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Biemond, type II
Börjeson-Forssman-Lehmann (PHF6)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
Laurence-Moon
Pallister-Hall (GLI3)
Prader-Willi (del 15q)
Werner (RECQL2)
Klinefelter (47,XXY and variants)

Birth prevalence: anorchia: 1/1,250, microorchia: 1/30

Associated anomalies: other genitourinary, ventral well, 
skeletal

Laboratory studies: karyotype, hormone levels

Prenatal diagnosis: karyotype, gene sequencing if 
mutation known

Cause: chromosomal, Mendelian

Anorchia is a condition in which males have normal appearing 
genitalia except for the absence of the testes.1,2 It is also some-
times referred to as the vanishing testes or testicular regression 
syndrome. Older reports suggest the condition is rare, how-
ever approximately 40 percent of males with nonpalpable tes-
tes were found to be so affected.3 Thus, the incidence may be 
as high as 1 per 1,250.4 Although the phallus usually appears 
normal, Wolffian ducts are present, and there are no Müllerian 
derivatives, micropenis has been noted in some cases.2 The tes-
tes are also absent in primary XY agonadism. However, in these 
cases the genitalia are generally female and both Wolffian and 

Müllerian ducts are missing.5 True nonpalpable testes always 
requires surgical exploration of the region from the spleen to 
the scrotum to exclude malposition of the testis (Entry 31.10).

The presence of normal male genitalia in cases of anorchia 
suggests that testicular regression must occur after the period 
of embryonic masculinization. Intrauterine testicular torsion 
is felt to be a primary cause and is supported as a mechanism 
by the presence of a blind ending spermatic cord; it is typi-
cally sporadic in nature.4,6 However, given the rare occurrence 
of familial cases of anorchia, other mechanisms are possible.7 
The etiology of primary XY agonadism is less clear. The lack 
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of masculinization associated with agonadism indicates that 
the timing of pathogenesis is much earlier than in anorchia. 
Growth and differentiation of the embryonic gonad into a 
testis is dependent on a number of genes (see chapter intro-
duction). However, mutations in those genes important in tes-
ticular development typically result in dysgenetic testes rather 
than absent testes. Agonadism is also more frequently associ-
ated with other malformations and syndromes.5

Microorchia is determined by comparing the measurement 
of the testis with normal values for age (Table 31.11.1). Some 
clinicians prefer to determine testicular volume by direct com-
parison with Prader beads. Others prefer measurement of the 
length and width of the testis and calculating the volume (tes-
ticular volume = 0.5 X length X width).8 At birth the testicular 
volume is 2 ml or less. At maturity the mean testicular volume 
is 16 ml, with the lower limit of normal (–2 SD) being 9 ml.8,9

Microorchidism as a part of normal variation has normal 
androgen level, sperm production, and gonadotropin level. 
Persons with small testes in which the Leydig cells fail to produce 
adequate androgen will have elevated levels of gonadotropin 
at birth.10,11 Those with microorchidism secondary to cen-
tral nervous system malformation or hypothalamic-pituitary 
problems will be hypogonadotropic. Klinefelter syndrome is 
always a major consideration when microorchidism is noted, 
so a karyotype is warranted.10 Robinson et  al. have reported 
that males with a 47, XXY karyotype usually have normal tes-
ticular volume during childhood and that the consistency of 
the testes appears normal. Following puberty the testes are 
typically small and firm.11

Testes that measure 2 SD or more below the mean are 
present in 2.5  percent of the population. Only a small por-
tion of these cases are pathologic, with deficient production 
of androgens and sperm. Klinefelter syndrome with an inci-
dence of one per 1,000 males is the most common of the 
pathologic causes of small testes.12 Most of these conditions 
can be categorized into either those with deficient androgen 

production (primary hypogonadism) or those with abnor-
malities of the hypothalamic-pituitary axis (hypogonadotropic 
hypogonadism).

Prenatal diagnosis is possible in conditions with a chromo-
somal basis. Gene sequencing will permit prenatal diagnosis 
for those syndromal forms in which the gene mutation in the 
family is known.

Treatment and Prognosis: The patient with absent testes 
is androgen-deficient and sterile. Microorchidism may have 
functional and cosmetic implications. Most testes that mea-
sure 2 SD or more below the mean volume represent normal 
variation and function adequately. The pathologically small 
testis, however, fails to produce the androgens necessary for 
masculinization and may also have failure of spermatogene-
sis. Very small testes fail to fill out the scrotum and may cause 
embarrassment, although prosthetic testes are now available. 
Hypogonadotropic patients may be treated with gonadotro-
pin with or without testosterone supplementation.13 In some 
cases spermatogenesis may increase to a sufficient level to per-
mit success at impregnation. Patients with hypergonadotropic 
microorchidism will require testosterone therapy in order to 
achieve adequate masculinization. In most cases these patients 
will not produce adequate sperm for impregnation. Patients 
with absent testes should be surgically explored to document 
the absence.
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TABLE 31.11.1  testicular Size (cm3)*

10tH Centile 50tH Centile 90tH Centile

Birth to age  
10 years

1.0 1.6 2.25

11 years 1.0 1.75 4.0

12 years 1.75 3.25 7.0

13 years 3.0 6.0 12.75

14 years 5.0 10.5 17.0

15 years 8.0 13.8 19.0

16 years 10.0 15.8 20.0

*adapted from Zachmann et al.8
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31.12 POlyORCHiDiSM

(Supernumerary Testes)

Definition: The presence of more than two testicles.

ICD9/ICD10: 752.89/Q55.21 Syndrome Associations (Appendix)
None

Birth prevalence: very rare, 100 cases reported

Associated anomalies: none

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: unknown

Supernumerary testes usually present as a double testicle on 
the left side discovered as a scrotal or inguinal mass on physi-
cal exam. The etiology of polyorchidism is unknown but has 
been postulated to occur as the result of an early division of 
the genital ridge. A majority of cases are left-sided and consist 
of a single extra testicle. Rare patients have been reported with 
bilateral testicular duplication or even triple testes within the 
same hemiscrotum. Infrequently, the epididymis and vas are 
also duplicated. The major presenting symptom is an inguinal 
or testicular mass, but up to 20 percent may present with infer-
tility.1,2 Polyorchidism is not typically associated with any other 
abnormality, but there are occasional reports of its presence in 
multiple malformation syndromes and chromosomal defects.3

Complications of polyorchidism are rare. Some reports 
have suggested a possible increased risk of malignancy, but 
there are no data to support such a risk at this time. In fact, 
removal appears to be unnecessary in most cases.4
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31.13 eCtOPiC teStiS

Definition: A testis in a location not anatomically related to the path of normal testicular descent.

ICD9/ICD10: 752.51/Q53.00 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: usually none

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: unknown

The most common location for an ectopic testis is in the 
superficial inguinal pouch.1 Other less common locations 
are the contralateral scrotal sac, base of the penis, ipsilateral 
thigh, and perineum. Ectopic testes have also been found in 
the penis.2 It is usually associated with inguinal hernia and 
sometimes hypospadias. The embryologic basis of the ecto-
pic testis is unknown, although numerous theories have been 
suggested.3

Since the spermatic cord is usually intact, the testicle 
is customarily brought down surgically to the appropriate 

scrotal sac. The risk for malignancy is presumably similar to 
cryptorchidism, and postsurgical monitoring for tumor is 
appropriate.
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31.14 46,Xy DiSORDeR Of SeX DeVelOPMent

(Undermasculinization, Male Pseudohermaphroditism, 46,XY Sex Reversal, Intersexuality, Divergent Sex Development)

Definition: Genetic males who have abnormalities of external genitalia that preclude establishment of genetic sex based on 
physical examination alone.

ICD9/ICD10: 752.7/Q56.1 Syndrome Associations (Appendix)
Defects of Early Bipotential Gonadal Development
Denys-Drash (WT1)
Frasier (WT1)
SF-1 (NR5A1)
WAGR (WT1)
Defects of Testicular Development
Campomelic dysplasia (SOX9)
Mixed gonadal dysgenesis
Testicular regression
XY gonadal dysgenesis (SRY, DAX1)
Defects of Testosterone Synthesis
17α-hydroxylase deficiency (CYP18)
17β3-hydroxysteroid dehydrogenase deficiency 
(HSD17B3)
3β-hydroxysteroid dehydrogenase deficiency (HSD3B2)
Congenital lipoid adrenal hyperplasia (STAR)
Leydig cell hypoplasia (LHR)
Smith-Lemli-Opitz (DHCR7)
Defects of Androgen Action
5α-reductase deficiency (SRD5A2)
Complete androgen insensitivity (AR)
Partial androgen insensitivity (AR)
Environmental Endocrine Disrupters
Antiandrogens
Diethylstilbestrol
Multiple Malformation Syndromes
Cloacal exstrophy
Limb-body wall
Meckel (MKS1)
Short-rib polydactyly, types I-IV (DYNC2H1, NEK1, 
WDR34, IFT140, IFT172, IFT80, WDR60)
Sirenomelia
Urorectal septum malformation

Birth prevalence: unknown

Associated anomalies: other genitourinary, body wall

Laboratory studies: cytogenetic, hormonal

Prenatal diagnosis: ultrasonography, gene sequencing if 
mutation is known

Cause: Mendelian, environmental

Undermasculinization has been suggested as a more appropriate 
term to describe this group of patients, since it emphasizes the 
general pathology and avoids confusion with hermaphroditism, 
which is a distinct, unrelated entity.1 However, the range of effect 
on external and internal genitalia in conditions of undermas-
culinization is expansive, from minor micropenis and/or hypo-
spadias at the mild end of the spectrum to complete 46,XY sex 

reversal at the severe end. Genotypic males in the middle of this 
spectrum with ambiguous genitalia are those to whom the term 
46,XY disorder of sex development applies and for whom the most 
immediate consternation occurs in the delivery room. The term 
ambiguous genitalia reflects the difficulty in trying to determine 
gonadal or genotypic sex of an infant by examination of the exter-
nal genitalia alone. Figure 31.14.1 is illustrative of this difficulty.
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46,XY disorder of sex development may be categorized 
into broad groups of causation.2,3 46,XX disorder of sex devel-
opment and true hermaphroditism are not considered in 
this entry.

1. Mutations in genes that function in the early critical 
pathway of bipotential gonad determination constitute a 
significant cause of 46,XY disorder of sex development. 
The importance of these genes in this pathway historically 
has been determined by mouse transgenic and knock-out 
models. Until recently, only defects of WT1 had been 
linked to human disorders, but mutations of SF-1 leading 
to 46,XY sex reversal have now been described.4

2. Mechanisms interfering with normal development of 
the testes constitute the second major group of causes 
of 46,XY disorder of sex development. Dysgenetic testes 
have long been known to be associated with ambiguous 
genitalia or complete 46,XY sex reversal. The development 
of dysgenetic testes is heterogeneous in nature, but many 
cases are familial and some of these cases are now known 
to be the result of SRY mutations or DAX1 duplications.5,6 
Dysgenetic testes can also be caused by XY/XO mosaicism 
and mutations in SOX9 (campomelic dysplasia).

3. Defects of androgen biosynthesis associated with  
46,XY disorder of sex development are rarer than those 

A

 

B
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D

Fig. 31.14.1 A: 46,XX with 21-OH deficiency. B: 46,XY with penoscrotal hypospadias. C: 46,XX with 21-OH deficiency. D: 46,XY with complete androgen 
insensitivity syndrome (CAIS). (A, B, and D courtesy of Drs. Paul Austin and Douglas Coplen, University of Washington, St. Louis. C courtesy of Dr. Marilyn Jones, 
University of California, San Diego.)
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associated with 46,XX disorder of sex development. 
There are five enzyme defects in this group. Four of these 
enzymes are defects of testosterone synthesis or one of 
its precursors. The fifth enzyme defect, 5α-reductase 
deficiency, is a defect of testosterone conversion to the 
more potent dihydrotestosterone. Another cause of 
deficient testosterone production is Leydig cell hypoplasia, 
shown to be secondary to luteinizing hormone receptor 
gene defects.7 All defects of testosterone synthesis are 
autosomal recessive.

4. The most common cause of 46,XY disorder of sex 
development is a defect in the androgen receptor (AR) 
gene on the X chromosome.1,8 Mutations that cause 
complete receptor insensitivity (complete androgen 
insensitivity syndrome or CAIS) result in normal external 
female genitalia with no Müllerian structures (Fig. 
31.14.1). Normal testes may reside intraabdominally 
or present as an inguinal hernia. Partial androgen 
insensitivity syndrome (PAIS) covers a range of external 
genitalia phenotypes as wide as the degree of functional 
receptor loss (Fig. 31.14.1). Genital ambiguity and absence 
of Müllerian structures in the presence of elevated AMH 
and testosterone, particularly after HCG stimulation, 
is the hallmark of PAIS. Historically the diagnosis of 
androgen insensitivity was confirmed by analysis of ligand 
receptor binding on genital skin fibroblasts. However, 
the technique is difficult and time consuming. Molecular 
diagnostics now offer another option, particularly for 
CAIS and familial PAIS where mutations are detected in 
up to 90 percent of cases.8 Unfortunately the technique 
fails to detect mutations in more than 15 percent of 
sporadic PAIS, confirming the heterogeneity of this clinical 
presentation.

5. A fifth subgroup of 46,XY disorder of sex development is 
putatively caused by environmental endocrine disrupters. 
Currently this category is theoretical, since there is little 
human evidence that targets any specific environmental 
agent to defects of male sexual differentiation. However, 
there are significant animal data that document 
disruption of normal sexual differentiation via numerous 
antiandrogenic agents.9 Given the recent rise in the 
number of births with hypospadias and cryptorchidism, 
environmental endocrine disrupters should be a causal 
consideration.10

6. The last subgroup of 46,XY disorder of sex development 
includes those conditions with multiple malformations 
and genital defects as part of the malformation syndrome 
where the genetic defect is not known.

Treatment: The major confounder in the approach to treat-
ment is the parental choice of sex of rearing. Bearing on this 

decision is the desire to obtain the best possible outcome with 
respect to appearance and sexual function, while using the 
least surgical intervention possible and, if feasible, retaining 
reproductive function.

The approach to treatment developed in the 1950s assumed 
that gender identity is a blank slate at birth, amenable to post-
natal social and environmental sex of rearing influences.11 
However, this approach has been challenged both by propo-
nents of the theory that fetal androgen exposure exerts a sig-
nificant effect on future gender identity and by a large number 
of intersex individuals themselves, who are critical of the tradi-
tional medical model of optimal sex selection at birth.12,13 Some 
have gone to the extreme and proposed that no decision about 
gender should be made at birth and that such children should 
grow up as an intersex individual until they are old enough to 
make their own choice.14 No data exist that suggest this view is 
that of any majority, nor about what the effects would be, posi-
tive or negative, on a child raised as an intersex individual. The 
review by Massanyi et al. indicates that a substantial minority 
of persons with undermasculinization experience uncertainty 
about gender, are dissatisfied with their original gender assign-
ment, or change their gender.15
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31.15 WOlffian DUCt MalfORMatiOnS

Definition: Failure of the mesonephric (Wolffian) duct system to persist and differentiate into the epididymis, vas deferens, 
and seminal vesicles.

ICD9/ICD10: 752.89/Q55.4 Syndrome Associations (Appendix)
None

Birth prevalence: common in association with cystic 
fibrosis (1/3,500)

Associated anomalies: renal and other urinary tract 
anomalies

Laboratory studies: abdominal ultrasonography

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

Differentiation of the Wolffian duct into its three derivative 
ducts is dependent on androgens produced by Leydig cells in 
the testes.1,2 Fibroblast growth factors may be essential as well.3

The most common clinical problem related to an anomaly 
of the Wolffian duct system is infertility as a result of absence 
of a portion of the duct. Congenital absence of the vas defer-
ens (CAVD) is by far the most common of the ductal defects. 
Bilateral CAVD (BCVAD) accounts for 1 to 2 percent of men 
with infertility.4 In cases of BCAVD, the epididymis and the 
seminal vesicles may also be absent. Absence of the vas is 
detectable on palpation of the testis and usually confirmed by 
ultrasound. Renal agenesis and other urinary tract anomalies 
occur in 14 to 21 percent of cases.

Unilateral CAVD (UCAVD) is not associated with infertil-
ity unless contralateral duct defects are present and is usually 
detected during a vasectomy procedure. Ipsilateral renal agen-
esis is frequently associated with UCAVD. Other anomalies of 
the vas deferens can occur and are listed in Table 31.15.1, but 
are very rare if not associated with CAVD.

While BCAVD occurs in the majority of men with cystic 
fibrosis (CF), mutations in the CFTR gene are also frequent in 
asymptomatic males with up to 64 percent of men having two 
detectable CF mutations.5 However, CF mutations are rare in 
males with renal agenesis, suggesting a different pathogenesis. 
A  much smaller percentage of males with UCAVD have CF 
mutations than in BCAVD.

Bilateral Wolffian duct malformations that result in one 
or more ducts being absent are associated with obstructive 
azoospermia and male infertility. Until recently, little could 
be offered to allow such an affected male the opportunity of 
biological offspring. However, with the introduction of the 
assisted reproduction technique known as ICSI (intracytoplas-
mic sperm injection) these men now have an excellent chance 
of reaching this goal. Undertaking this procedure should be 
done with appropriate CF screening and counseling, given the 
risk to the offspring of inheriting cystic fibrosis. Concern has 
also been raised about an increased risk of uniparental disomy 
with assisted reproduction technology.6 Finally, a proportion 
of male infertility is likely due to mutations and deletions of 

Y-linked fertility genes. Thus, ICSI poses a potential risk for 
passing on the infertility trait to male offspring.7
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TABLE 31.15.1  anomalies of the Wolffian Duct System

VAS DEFERENS

 Bilateral absence

 Unilateral absence

 Segmental aplasia

 Ectopic

 Duplication

 Crossed

 Diverticulum

EPIDIDYMIS

 Agenesis

 Ectopic

 Anomalous attachment

 Cysts

 Duplication

SEMINAL VESICLES

 Agenesis

 Hypoplasia

 Fusion

 Cyst
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31.16 PeRSiStent MÜlleRian DUCtS

Definition: Persistence of the Müllerian duct system (uterus, fallopian tubes) in a phenotypic male due to deficiency  
of anti-Müllerian hormone.

ICD9/ICD10: 752.89/Q55.8 Syndrome Associations (Appendix)
Urioste

Birth prevalence: rare, about 200 cases reported

Associated anomalies: other genitourinary

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: gene sequencing if mutation is known

Cause: Mendelian

Persistence of the Müllerian duct system usually presents as uni-
lateral cryptorchidism and contralateral inguinal hernia with 
otherwise normal male genitalia.1-4 Bilateral cryptorchidism as 
a presentation is less common. At the time of surgery, the her-
nias are found to contain a uterus and fallopian tubes. The unde-
scended testes are usually in the normal position for ovaries. 
Some patients have a testis as well as the uterus and tube in the 
hernia, and a small number have both testes in the same hernia.

Persistence of the upper vagina, uterus, and fallopian 
tubes in a male may be secondary either to failure to produce 
anti-Müllerian hormone (AMH) as a result of mutations in 
the AMH gene (45 percent) or to resistance of the target tis-
sue because of mutations in the AMH type II receptor gene, 
AMHRII (39  percent).1 Persistent Müllerian duct syndrome 
(PMDS) is rare and is autosomal recessive. At least one mul-
tiple malformation syndrome has also been associated with 
PMDS. Urioste et  al. reported four males with PMDS who 
had long smooth philtrum, anteverted nostrils, notched alae 
nasi, prominent alveolar ridges, short neck, lymphangiectasia, 
hypoplastic kidneys, and hepatic failure.5 Prenatal diagnosis in 
a subsequent pregnancy is possible now, with the delineation 
of the molecular defect in most cases.

Treatment: Surgical reduction of the unilateral or bilat-
eral hernias is performed first, followed by removal of the 

Müllerian structures. Because the vas deferens is often 
attached to Müllerian structures, great care must be taken. 
The procedure is often not completely successful because of 
a short spermatic cord and integration of the vasa deferentia 
into Müllerian structures.

Prognosis: Even with good surgical results, normal fertility 
occurs in only 11 percent of patients secondary to epididymal 
and superior vas deferens aplasia. Orchidopexy is required for 
most males, because there is no anchoring of the testes by the 
gubernaculum. Reports of malignancy in the testes also sug-
gest a need for ongoing follow-up.
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31.17 SPlenOGOnaDal fUSiOn

Definition: A connection between the spleen or accessory splenic tissue and the gonad.

ICD9/ICD10: 752.89/Q55.8 Syndrome Associations (Appendix)
None

Birth prevalence: very rare

Associated anomalies: limb reduction and orofacial 
malformations

Laboratory studies: ultrasonography, MRI

Prenatal diagnosis: unlikely

Cause: unknown

A direct connection of the gonad with the spleen, often fibrous 
in nature, is referred to as continuous splenogonadal fusion 
(SGF). Discontinuous SGF is the term given to gonadal con-
nection to accessory splenic tissue but not the spleen proper.

The pathogenesis of SGF is unknown. Caudal movement 
of the gonad between the fifth and 10th weeks brings it close 
to the primordial spleen, and it may be at this time that the 
fusion occurs. A vascular etiology has been proposed, but a 
significant number of cases are associated with malforma-
tions that cannot be explained by a vascular mechanism.1 
Almost half of cases with continuous SGF have associated 
anomalies; the frequency of malformations in discontinuous 
SGF is much lower.2 In particular, limb and orofacial mal-
formations are especially prevalent in continuous SGF, and 
the overlap with the Hanhart syndrome and femoral-facial 

syndrome has not been overlooked.1,3 Familial cases have 
not been reported.

The prognosis of SGF is primarily dependent on the asso-
ciated malformations. Those with limb malformations have a 
particularly high mortality, with less than 50 percent surviving 
beyond a year of life.3 Cases of isolated SGF may only come to 
attention at autopsy.
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31.18 inGUinal HeRnia

Definition: Protrusion of the abdominal contents into the inguinal canal at the internal abdominal ring.

ICD9/ICD10: 550.92/K40 Syndrome Associations (Appendix)
Cutis-Laxa
Ehlers-Danlos (COL3A1, COL1A2)
Marfan (FBN1)
Lysosomal storage disorders

Birth prevalence: 1/30 to 1/50 in males, 1/250 to 1/350 in 
females

Associated anomalies: usually none

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: usually sporadic, occasionally Mendelian

Inguinal hernias may be termed direct or indirect according to 
their position in relation to the inferior epigastric artery, with 
indirect leaving the abdomen lateral to the artery and direct 
leaving medial to the artery. Indirect inguinal hernias are more 
frequent and are usually slow to develop. The protruding ele-
ment first appears at the external inguinal ring as a widening. 
As the ring enlarges with pressure, an inguinal protrusion 
develops. Standing, sharp coughing, and crying increases the 

size of the inguinal bulge or may be palpated. The hernia may 
then escape the external ring and push into the scrotum as far 
as the scrotal sac (Fig. 31.18.1). The child or adult is noted to 
have a fullness of the scrotum.

The external inguinal ring may be assessed by invaginat-
ing the scrotal skin with an index finger and sliding the finger 
up over the route of the spermatic cord until the external ring 
is encountered lateral to the pubic tubercle. With straining 
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or coughing, the ring size and the presence of an impulse 
can be palpated. Indirect hernias are an oval shape descend-
ing obliquely in the inguinal region. These hernias are easily 
reducible, but a widened inguinal ring is noted. Scrotal hernias 
push the cord posteriorly but are intimately associated with the 
testicle.

Direct hernias descend through a posterior defect in the 
inguinal canal, with a short course within the canal. The ring is 
greatly widened and often distorted. The hernial sac is medial 
to the spermatic cord. Because the majority of patients with 
cryptorchidism have inguinal hernias, the scrotum should be 
examined for undescended testes.

Independent of testicular descent, the peritoneum of the 
coelomic cavity evaginates bilaterally into the ventral abdomi-
nal wall following the course of the gubernaculum testis (the 
vaginal process) into the scrotum or labia. Along with the 
muscle and fascial layers, the evagination forms the inguinal 
canal. The process begins at the third month. Prior to or at the 
time of birth, the testis descends through the inguinal ring into 
the scrotum. The processus vaginalis begins obliteration after 
that time. The processus is patent in 85 percent of infants at 
birth, in 40 percent of children at age two years, and in about 
35 percent of teens.1

Inguinal hernias in children occur most commonly in the 
first six months of life, in a male-to-female ratio of 9:1. When her-
nias occur in the infant or young child, both sides are more likely 
to be affected. Overall, 10 percent of inguinal hernias are bilateral.

Preterm infants are more likely to develop inguinal hernias, 
perhaps because of the increase in intraabdominal pressure in 
association with an undescended testis at the time of birth. 
Five percent of infants at or less than 32 weeks gestational age 
or under 1250g develop inguinal hernias.2 Intrauterine growth 
retardation may further increase the risk. Incarceration is also 
more likely in infancy, perhaps occurring in 25  percent of 
patients.3

Ten percent of inguinal hernias are bilateral, and females 
are more likely to have bilateral involvement. A  phenotypic 
female presenting with a hernia should be explored carefully 
surgically, as the absence of uterus and tubes may indicate a 
diagnosis of androgen insensitivity. Hernias have an increased 
prevalence in disorders of connective tissue, including Marfan, 
Ehlers-Danlos, and cutis-laxa syndromes.

The inheritance of inguinal hernia is complex, and most 
recurrence risk figures are empiric. Sawaguchi et al. found a 
recurrence risk of 30 percent in brothers of males and 27 per-
cent in sisters of females.4 In addition, recurrence risks were 
highest for siblings of females with bilateral involvement.

Treatment: The greatest concern with inguinal hernia is 
incarceration of hernia contents, which may occur frequently 
in the young infant. Repair involves initial reduction of hernial 
contents and then high ligation of the hernial sac (processus 
vaginalis) at the internal inguinal ring, with removal of the sac 
distally. The Lichtenstein tension-free mesh onlay open repair 
is the most commonly used technique, although the laparo-
scopic approach and other prosthetic materials are preferred 
by some surgeons.5-7 Most hernias are repaired electively as 
an outpatient procedure. The exceptions would be premature 
infants, who are at increased risk for apnea during anesthesia, 
and the child with an incarcerated hernia. Care must be taken 
at the time of the surgery to avoid damage to the nerves, vas 
deferens, and vascular supply to the testis. Whether the con-
tralateral side should be explored electively is controversial. 
Generally the premature infant and all females should have 
exploration, as bilateral involvement is common.

Prognosis: Surgical repair is generally successful, but chronic 
postoperative pain occurs in a small percentage of patients.6

REFERENCES

 1. Rosenberg J: Pediatric inguinal hernia repair—a critical appraisal. Hernia 
12:133, 2008.

 2. Peevy KJ, Speed FA, Holf CJ: Epidemiology of inguinal hernia in preterm 
infants. Pediatrics 77:246, 1986.

 3. Powell TG, Hallows JA, Cooke RWI, et al.: Why do so many small infants 
develop an inguinal hernia? Arch Dis Child 61:991, 1986.

 4. Sawaguchi S, Matsunaga E, Honna T: A Genetic study on indirect inguinal 
hernia. Jpn J Hum Genet 20:187, 1975.

 5. Nathan JD, Pappas TN: Inguinal hernia: an old condition with new solu-
tions. Ann Surg 238(Suppl 6):S148, 2003.

 6. Campanelli G, Canziani M, Frattini F, et al.: Inguinal hernia: state of the 
art. Int J Surg 6:526, 2008.

 7. Lao OB, Fitzgibbons RJ, Cusick RA:  Pediatric inguinal hernias, hydro-
celes, and undescended testicles. Surg Clin N Am 92:487, 2012.

Fig. 31.18.1 Massive inguinal hernias in a male infant with chondrodysplasia 
punctata.
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31.19 HyDROCele

Definition: Excessive collection of fluid around the testis within the tunica vaginalis.

ICD9/ICD10: 778.6/P83.5 Syndrome Associations (Appendix)
None

Birth prevalence: very common

Associated anomalies: none

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: normal variation

The communicating hydrocele is associated with a patent pro-
cessus vaginalis. In the noncommunicating hydrocele, this 
communication is obliterated (Fig. 31.19.1).1-3 The noncom-
municating hydrocele does not fluctuate in size and cannot be 
compressed. The communicating hydrocele may vary in size 
with body position and abdominal pressure. It may be reduced 
in size by compression that forces fluid into the abdomen 
through the patent processus vaginalis.

Most hydroceles resolve spontaneously during the first two 
years of life.1,2 For those that persist, surgery involves ligation 
of the processus vaginalis and opening of the hydrocele sac.
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Fig. 31.19.1 Hydrocele. A: tense hydroceles in a newborn infant. B and C: noncommunicating hydroceles. D: communicating hydrocele. (Adapted from Snyder.3)
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32 | FEMALE GENITAL SYSTEM

LEAH W. BURKE

intRODUCtiOn

The genetic sex of an individual is determined at fertilization. 
However, the development of the reproductive tract and its 
identity as male or female continues throughout gestation and 
indeed through prepubertal life. The reproductive tract includes 
the gonads, the ductal structures, and the external genitalia. 
Clinical study and genetic/genomic analyses in patients with 
disorders of sexual differentiation has contributed greatly to 
our current understanding of the genetic control of sex devel-
opment and malformations of the genital structures.1

The terminology of disorders of sexual differentiation 
has been revised to reflect the advances in the understanding 
of molecular mechanisms underlying atypical sex develop-
ment and to recognize the ethical and social implications of 
these disorders. Working together, the European Society for 
Paediatric Endocrinology and the Lawson Wilkins Pediatric 
Endocrine Society reached a consensus on the terminology and 
management of these disorders.2 The term Disorders of Sexual 
Development (DSDs) was proposed, and terms such as intersex, 
pseudohermaphroditism and sex reversal were discarded. The 
old terms were considered confusing to many practitioners 
and pejorative to many patients and families. The new termi-
nology was presented at the Chicago Consensus Conference in 
2005, and DSD was defined as a congenital condition in which 
the development of the chromosomal, gonadal, or anatomic 
sex is atypical. The proposed terminology combines the karyo-
type, or chromosomal sex, with a clinically descriptive term.

Disorders with an abnormal karyotype were termed as 
Sex Chromosome DSDs and included 45,X (Turner syndrome 
and variants), 47,XXY (Klinefelter syndrome and variants), 
45,X/46,XY (mixed gonadal dysgenesis), and 46,XX/46,XY (chi-
meric). Disorders without an abnormal karyotype were renamed 
as well. The terms male pseudohermaphrodite, undervirilization 
of an XY male, and undermasculinization of an XY male were des-
ignated as 46,XY DSD. The term 46,XX DSD replaced the terms 
female pseudohermaphrodite, overvirilization of an XX female, 
and masculinization of an XX male. Finally, the term ovotesticu-
lar DSD was established to describe individuals with develop-
ment of ovarian and testicular tissue that was more mature in 
development and replaced the older term true hermaphrodite.

A N AT O M I C A L  E M B RY O L O G Y

As in the male at four weeks gestation, the female genital sys-
tem initially consists of a gonadal ridge lying medial to the 

mesonephric kidney. Two ducts parallel the mesonephric kid-
ney and empty into the cloaca: (1) the mesonephric (Wolffian) 
duct, and (2)  the paramesonephric (Müllerian) duct, whose 
proximal end opens into the abdominal cavity. Primordial 
germ cells, migrating from the wall of the yolk sac, arrive in the 
gonad by the sixth week and induce this tissue to form ovaries. 
The germ cells form oocytes, and epithelium from the ovarian 
surface differentiates into follicular cells.

In the absence of testosterone, the mesonephric ducts 
degenerate. In the presence of estrogen, the paramesonephric 
ducts continue to differentiate. The caudal segments of these 
ducts fuse to form the body of the uterus and cervix, while 
their proximal segments remain separated and form the uter-
ine (Fallopian) tubes. At the ducts’ most caudal end where they 
enter the cloaca (now the urogenital sinus), they induce pro-
liferation of endoderm on the posterior wall of this structure. 
This proliferation results in formation of the sinus tubercle that 
grows to form the lower portion of the vagina; the upper por-
tion of the vagina arises from the fused distal portion of the 
paramesonephric ducts.

External genitalia in the female begin with an indifferent 
stage identical to males. Thus, tissue swellings appear on either 
side of the cloacal membrane to form the cloacal folds. The 
cloaca is a cavity that will soon be separated into the urogenital 
sinus (bladder and part of the vagina) anteriorly and the anal 
canal posteriorly. This cavity is separated from the amniotic 
cavity by the cloacal membrane. As the cloacal folds form, they 
fuse superiorly to create the genital tubercle. Inferiorly, the 
folds are divided into urethral folds anteriorly and anal folds 
posteriorly. Under the influence of estrogens these structures 
continue to grow, but fusion between folds and swellings, a 
characteristic of male development, does not occur in females. 
Thus, the genital tubercle forms the clitoris, the urethral folds 
form the labia minora, and the genital swellings form the labia 
majora.

M O L E C U L A R  E M B RY O L O G Y

Historically, ovarian development was simplistically consid-
ered the default state; however, recent molecular findings sug-
gest that both male and female gonad differentiation requires 
active signaling that mediates mutual antagonistic action.3,4 
In the XX gonadal ridge, expression of Rspo1 and Wnt4, both 
of which signal through canonical CTNNB1, are required to 
prevent stabilization of Sry and Sox9 in the male differentia-
tion pathway. Instead, CTNNB1 signaling works together with 
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Foxl2 within pre-granulosa cells to promote the female sup-
porting pathway and facilitate germ cell differentiation into the 
oocyte and eventually follicle formation. Shh expression in the 
urethral plate epithelium is necessary for growth of the bipo-
tential genital tubercle. Both SHH and FGF10 are involved in 
closure of the urethra.
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32.1 OVaRian DySGeneSiS

(Streak Ovaries)

Definition: Ovaries comprised of fibrous stromal tissue without ova or follicular derivatives.

ICD9/ICD10: 758.6/Q99.1 Syndrome Associations (Appendix)
Perrault
Turner (45,X)

Birth prevalence: 1/2,000–1/5,000

Associated anomalies: uterine and urinary tract 
anomalies, infertility

Laboratory studies: chromosome analysis, specific gene 
testing

Prenatal diagnosis: ultrasonography, non-invasive 
prenatal testing, chromosome analysis

Cause: chromosomal, Mendelian (AD, AR, XL)

Streak ovaries can occur in individuals with varying chromo-
somal complements, including 45,X, 46,XX, 46,XY, various 
mosaics, and structural aberrations of the X chromosome, 
known collectively as chromosomal disorders of sex develop-
ment.1.2 Streak ovaries can also occur as an autosomal recessive 
or X-linked single gene disorder.

Ovarian dysgenesis can be thought of as part of a larger 
classification of primary ovarian insufficiency that also 
includes hypergonadotropic hypogonadism and premature 
ovarian failure.3 For the purposes of this chapter, only ovarian 
dysgenesis will be included. The most common genetic cause 
for ovarian dysgenesis is Turner syndrome with the usual 
chromosome constitution 45,X. However, ovarian dysgenesis 
can occur in phenotypic females with other chromosomal 
complements such as 46,XY, 46,XX, or in individuals who are 
mosaic for 45X/46XX or 45X/46XY. The streak gonad is found 
in the position ordinarily occupied by the ovary, the normal 
gonad being replaced by a white fibrous streak (Fig. 32.1.1). 
The tissue is characterized histologically by interlacing waves 
of dense fibrous stroma, devoid of oocytes but otherwise indis-
tinguishable from normal ovarian stroma.

Individuals with ovarian dysgenesis are phenotypic 
females. Those with 46,XY do not produce testosterone or 
AMH (anti-Müllerian hormone); therefore, they develop 
female internal and external genitalia. Secondary sexual devel-
opment usually does not occur in patients with ovarian dysgen-
esis. Pubic and axillary hair fail to develop in normal quantity. 
Although well-differentiated the external genitalia, the vagina, 

and the uterus remain small. Estrogen and androgen levels are 
decreased and, follicle-stimulating hormone and luteinizing 
hormone levels are increased. During infancy, gonadotropins 
are also elevated, but during late childhood (prepubertal) they 
are not necessarily elevated.

Turner syndrome, the most common chromosomal disor-
der of sex development, will have a 45,X karyotype or a variant 

Fig. 32.1.1 Ovarian dysgenesis. Histologic appearance of a streak gonad from 
a 45,X individual showing fibrous stroma without oocytes. (From Simpson 
J: Disorders of Sexual Differentiation. Etiology and Clinical Delineation. 
Academic Press, New York, 1976.)
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that includes 45,X.1,4,5 The usual associated defects are short 
stature, primary amenorrhea, and a lack of development of 
secondary sexual characteristics. Facial features commonly 
include micrognathia, a low posterior hairline, webbed neck, 
and low-set or posteriorly rotated ears (Fig. 32.1.2). Congenital 
heart defects are common, found in about 75  percent of 
fetuses and 25 to 50 percent of infants with Turner syndrome. 
Left-sided outflow tract anomalies are the most common. 
Bicuspid aortic valve is seen in up to 50 percent, coarctation of 
the aorta in 30 percent, and aortic stenosis in another 10 per-
cent. Other cardiac malformations also occur but are much 
less common.

Lymphedema is common, often presenting in utero as 
a cystic hygroma or, in more severe cases, as fetal hydrops 
(Figs. 32.1.3, 32.1.4, ). Among infants with Turner syn-
drome, evidence of the lymphatic abnormality may persist 
as lymphedema of the dorsa of the hands and feet, excess 
nuchal skin, and webbed neck. The lymphedema usually 
resolves by the age of two years without therapy but may 
recur at any age.

Most individuals with Turner syndrome have primary 
amenorrhea with loss of ovarian reserve before puberty. 
However, about 10  percent reach menarche, with a higher 
percentage reaching menarche with 45,X/46,XX mosaicism. 
Of these, 40  percent menstruate for several years before 
developing complete ovarian insufficiency.3 One candidate 
gene for gonadal dysgenesis in Turner syndrome is USP9X 
(ubiquitin-specific protease 9), which is located at chromo-
some Xp11.4 and escapes X inactivation. Infertility in Turner 
syndrome is not absolute, with spontaneous pregnancies 
occurring in 2 to 5  percent of cases. Successful pregnancies 
can also be achieved through oocyte donation; however, there 
is an increased miscarriage rate believed to be due to uterine 
abnormalities, and an increased maternal morbidity due to the 
effects on the cardiovascular system.6

Chromosome studies are indicated to exclude the presence 
of a Y chromosome and may include testing for the presence 
of the SRY gene.7 In the presence of Y chromosome mosaicism, 

Fig. 32.1.2 Child with Turner syndrome. Note the low-set ears and 
webbed neck.

Fig. 32.1.3 Eighteen-week-old fetus with Turner syndrome. Note the large 
cystic hygroma and generalized edema.

A
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C

Fig. 32.1.4 Infant with Turner syndrome. Note the dorsal edema of the hands and feet.
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there is an increased risk for developing gonadoblastoma or 
dysgerminoma in the dysgenetic gonads. This risk is estimated 
to be 7 to 10 percent, and prophylactic gonadectomy is recom-
mended. Perrault syndrome is defined by the presence of ovar-
ian dysgenesis and sensorineural hearing loss with a 46,XX 
karyotype.8 The genetic cause is not clear, but candidate genes 
include HARS2 (histidyl-tRNA synthetase 2) on 5q31.3 when 
accompanied by progressive neurologic disease, and HSD17B4 
(17-beta-hydroxysteroid dehydrogenase IV) on 5q23.1 when 
the neurologic symptoms are static. It is believed that there 
are other genes involved that have not been as well elucidated. 
Hypergonadotropic ovarian dysgenesis can occur with a nor-
mal karyotype as an extreme manifestation of hypergonado-
tropic ovarian failure. The etiology is heterogeneous and can be 
caused by mutations in one of at least three genes that include 
FSHR, PSMC3IP, and BMP15, located at 2p16.3, 17q21.2, and 
Xp11.22, respectively.

Treatment: Guidelines for the care of patients with Turner 
syndrome are available.7,9,10 Treatment involves hormonal sup-
port to promote puberty and the development of secondary 
sexual characteristics.

In addition to the endocrinologic evaluation for the devel-
opment of secondary sexual characteristics, ongoing medical 
care involves the monitoring of the other findings in Turner 
syndrome including short stature, cardiovascular abnormali-
ties, hypertension, hearing loss, strabismus, craniofacial anom-
alies, obesity, glucose intolerance, urinary tract abnormalities, 
thyroid dysfunction and other autoimmune disorders, ortho-
pedic problems, and the need for psychosocial support. The 
monitoring continues into adulthood. Growth hormone ther-
apy is widely used as part of the treatment of girls with Turner 
syndrome despite the normal growth hormone secretory 

pattern seen in most girls affected. The success of the therapy 
is dependent upon the age and onset of treatment, dosage, fre-
quency of administration, patient weight, and familial growth 
patterns.

Prognosis: Most individuals with monosomy X have normal 
cognitive function.11 Performance IQ is lower than verbal IQ, 
45,X individuals having primarily a visuospatial learning dis-
ability with impairments in abilities in math processing and 
executive functioning.
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32.2 miXeD GOnaDal DySGeneSiS

(Partial Gonadal Dysgenesis)

Definition: A disorder of sexual development in which there is a streak ovary on one side and a testis or dysgenetic ovary on 
the other.

ICD9/ICD10: 752.7, 758.6/Q98.7 Syndrome Associations (Appendix)
Denys-Drash (WT1)
Frasier (WT1)
Gonadal dysgenesis-minifascicular neuropathy
Swyer

Birth prevalence: 1/3,500–1/15,000

Associated anomalies: ambiguous external genitalia, 
Wilms tumor, chronic renal failure, gonadoblastoma, 
diaphragmatic hernia

Laboratory studies: chromosome analysis, gene 
sequencing

Prenatal diagnosis: ultrasonography, noninvasive 
prenatal testing, amniocentesis, chorionic villus sampling

Cause: chromosomal, Mendelian (AD, AR, XL)
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The external genitalia in individuals with mixed gonadal dys-
genesis can be quite variable. Typically there will be some 
degree of virilization or ambiguity of the external genitalia (Fig. 
32.2.1). Müllerian structures will be present. The most com-
mon karyotype is mosaic 45,X/46,XY. Some individuals with 
45,X/46,XY have physical stigmata of Turner syndrome, spe-
cifically short stature, webbed neck, and widely spaced nipples. 
The external genitalia of individuals with 45,X/46,XY are quite 
variable.1 The presence of ambiguous genitalia in an individual 
with a Turner phenotype should always prompt an investigation 
looking for a 46,XY cell line. The degree of mosaicism does not 
predict the external features or the degree of masculinization.

In one review of 92 cases of prenatally diagnosed 
45,X/46,XY, 95  percent had normal male external genitalia.2 
Autopsy evaluations were performed on the gonadal tissue of 
a subset of these, and 27 percent were found to have abnormal 
gonadal histology including bilateral ovotestes. Therefore, even  
in cases in which the external genitalia are normal there may 
be underlying risk for gonadoblastoma. The degree of mosa-
icism in the prenatal sample does not seem to be correlated 
to the degree of genital or gonadal abnormality. The risk for 
development of other complications such as short stature, sex-
ual dysfunction, and infertility is not known.

The gonads include streak gonads of ovarian origin, dysge-
netic testes, normal testes, and ovatestes. The external genitalia 
anomalies include frankly ambiguous genitalia, normal male 
or female genitalia, and genital abnormalities such as hypospa-
dias and clitoromegaly.

The risk for gonadoblastoma in 45,X/46,XY individuals 
diagnosed postnatally is estimated at 15 to 20 percent.3 These 
tumors are sometimes calcified and often hormone produc-
ing. Secondary sexual development would not be expected in 
an individual with one streak ovary and one testis. Therefore, 

breast development or increased virilization should lead one 
to suspect an estrogen-producing tumor such as a gonadoblas-
toma or dysgerminoma.

The etiology of the gonadoblastoma is thought to be the 
abnormal expression of genes at a locus on the Y chromosome 
known as the GBY locus or gonadoblastoma locus. The GBY 
locus has been mapped to a critical interval on the short arm 
and adjacent centromere region on the Y chromosome. There 
are five functional genes in the GBY critical region, one of 
which is the testis-specific protein Y-encoded gene, or TSPY. 
The protein expression pattern of TSPY in gonadaoblastomas 
and in the spermatogonia, along with evidence of homology to 
a family of cyclin B binding proteins, suggests that TSPY may 
be the most likely candidate gene.4

Treatment and Prognosis: In cases of genital ambiguity, 
the same considerations should be made in mixed gonadal 
dysgenesis as in other cases of ambiguous genitalia. Hormone 
replacement therapy is required at the expected age of puberty. 
The uterus should be left for possible donor in vitro fertiliza-
tion or embryo transfer.

Because neoplasia may arise as early as the first two decades 
of life, the gonads of 45,X/46,XY individuals with female exter-
nal genitalia should be extirpated regardless of the patient’s 
age. Because of this risk of neoplasia, one should distinguish 
45,X/46,XY gonadal dysgenesis from forms of gonadal dysgen-
esis lacking a Y chromosome. As mentioned above, in the cases 
of prenatally diagnosed 45,X/46,XY with normal male genita-
lia, the guidelines for observation and treatment are less clear. 
Some recommend a gonadal biopsy while others recommend 
only a close watch on sexual development.2

If somatic features of Turner syndrome exist, they should 
be managed as described in Entry 32.1. The potential for renal, 
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Fig. 32.2.1 Infant with mixed gonadal dysgenesis and a mosaic karyotype 45,X/46,XY. A: Ambiguous genitalia. B: Phallus. C: Vaginal opening. D: Genitogram, 
E: Postoperative appearance.
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ventricular, and auditory problems necessitates periodic clini-
cal surveillance.
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32.3 OVOteStiCUlaR DiSORDeR OF SeX DeVelOPment

(Hermaphroditism)

Definition: A disorder of sex development in which both mature ovarian and testicular tissues are present, usually in  
the same gonad.

ICD9/ICD10: 752.7/Q56.3 Syndrome Associations (Appendix)
Palmoplantar hyperkeratosis-squamous cell carcinoma 
of skin-46,XX sex reversal (RSPO1)Birth prevalence: exceedingly rare (<1/1,000,000)

Associated anomalies: inguinal hernia

Laboratory studies: chromosome analysis, testing for 
presence of SRY gene

Prenatal diagnosis: ultrasonography

Cause: unknown

Gonadal tissue in ovotesticular disorders of sex development 
may be located in the ovarian, inguinal, or labioscrotal region. 
The most common distribution of gonadal tissue is a unilateral 
ovotestis with an ovary on the other side, occurring in 34 per-
cent of cases, followed by bilateral ovotestes in 29 percent, an 
ovary on one side and a testis on the other in 25 percent, and 
in 10 percent of cases a testis on one side and an ovotestis on 
the other. Typically both Müllerian and Wolffian duct deriva-
tives are present.

The chromosomal distribution differs from the gonadal 
distribution in that 65 percent of cases are 46,XX, 10 percent 
are 46,XY, and the remaining are complex mosaics contain-
ing a Y chromosome.1 Reported cases are overrepresented 
in the African population (1 per 6  million) followed by the 
European (1 per 6.5 million) and the Asian population (1 per 
83 million).

The presence of SRY explains only about 10  percent of 
46,XX individuals with ovotesticular disorder of sex devel-
opment. The genetic cause in the SRY-negative cases is 
unknown.

Treatment: Diagnosis can be delayed while other disorders of 
sex development are excluded. Biopsies of intraabdominal and 
inguinoscrotal masses is warranted to determine the nature of the 
gonadal tissue. Gender assignment has been dependent upon cul-
tural norms in the areas of higher prevalence, but there is a trend 
toward female gender assignment. The risk of gonadoblastoma 
appears to be lower than that in mixed gonadal dysgenesis, per-
haps due to the more highly differentiated nature of the ovotestes.2

Prognosis: Psychological outcome depends upon the par-
ticular case and the culture of rearing. Ambiguous external 
genitalia have been reported in a majority of cases, therefore 
the same psychological and surgical issues are present as other 
individuals with ambiguous genitalia (Entry 32.4).
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32.4 amBiGUOUS Genitalia

Definition: Disorder of sex development in which the external genitalia display characteristics of both male and female sexual 
development.

ICD9/ICD10: 752.40, 752.49/Q52.8, Q52.9 Syndrome Associations (Appendix)
Ablepharon-macrostomia
ATRX (ATRX)
Beemer lethal malformation
Campomelic dysplasia (SOX9)
Congenital adrenal hyperplasia
Denys-Drash (WT1)
Fraser (FRAS1, GRIP1, FREM2)
SCARF
Short rib-polydactyly, Majewski type (NEK1)
Smith-Lemli-Opitz (DHCR7)
VACTERL

Birth prevalence: 1/8,000

Associated anomalies: congenital adrenal hyperplasia, 
salt-wasting

Laboratory studies: chromosome analysis, electrolytes, 
mineralocorticoids, glucocorticoids and androgens, gene 
sequencing

Prenatal diagnosis: ultrasonography

Cause: Mendelian (AD, AR)

Ambiguous genitalia in a newborn is a result of a discordance 
in the processes involved in the differentiation of the inter-
nal ducts and external genitalia. This differentiation occurs 
under the influence of hormonal and transcription factors. 
Ambiguous genitalia can occur in various categories of disor-
ders of sex development (DSD), including 46,XX DSD, 46,XY 
DSD, chromosomal DSD, and ovotesticular DSD. This entry 
will concentrate on the 46,XX DSD category.1

Chromosomal aneuploidy that leads to external genitalia 
(chromosomal DSD) that are ambiguous are discussed in ear-
lier sections of this chapter and are excluded here. Simple male 
undervirilization (46,XY DSD) is also excluded here, although 
some of the associated syndromes can be classified as 46,XX 
DSD or 46,XY DSD, depending upon the karyotype present.

The most common DSD category associated with ambigu-
ous external genitalia is 46,XX DSD with normal ovaries and 
Müllerian structures. The ambiguity of the external genitalia 
is due to exposure to androgens in utero, caused by a group 
of disorders known collectively as congenital adrenal hyper-
plasia (CAH) (Fig. 32.4.1). In these infants, masculinization 
of the genitalia is symmetric and gonads are nonpalpable (Fig. 
32.4.2). In the most common form of CAH, 21-hydroxylase 
deficiency, the levels of 17-hydroxyprogesterone and andro-
stenedione are greatly elevated. Newborn screening using 
filter paper blood spots may be available to detect elevations 
in 17-hydroxyprogesterone. Blocks in 11 β-hydroxylase and 
18-hydroxylase activity are less common causes of masculin-
ization. A  defect in androgen synthesis in 46,XY individu-
als can cause varying degrees of genital ambiguity and must 
always be considered in the differential diagnosis. Most com-
monly, 17 α-hydroxylase/17,20-lyase deficiency is associated 
with normal female external genitalia despite a 46,XY karyo-
type.2 This disorder would be classified as a 46,XY DSD.

The next large group of disorders associated with ambig-
uous genitalia involves chromosomal or single gene disor-
ders that involve gonadal differentiation.3 These have been 

described in the preceding section on mixed gonadal dysgen-
esis (Entry 32.2).

Multiple anomaly syndromes associated with ambigu-
ous genitalia are a much less frequent cause than the disor-
ders of steroidogenesis but clearly deserve consideration. The 
most common of these are listed in Syndrome Associations. 
A  thorough physical examination to exclude the presence of 
dysmorphic features is an important part of the initial evalua-
tion. Disorders of cloacal development have also been associ-
ated with ambiguous genitalia. Such individuals present with 
several concurrent developmental defects and will not be dis-
cussed further here.

The evaluation of ambiguous genitalia involves identifica-
tion of both sexual determination and sexual differentiation. 
The diagnostic work-up should include family history along 
with general physical examination for the presence or absence 
of palpable gonads and for dysmorphic features. The exami-
nation of the external genitalia should include palpation for 
gonads, examination of raphe, and measurement of phallus. 
Palpable gonads is indicative of the presence of a Y chromo-
some and may indicate undervirilization or the presence of 
sex chromosome mosaicism or aneuploidy. Initial laboratory 
evaluation should include a karyotype, biochemical tests to 
identify defects in the steroidogenesis pathway (CAH), and 
electrolytes to identify salt-wasting forms of CAH. Initial bio-
chemical tests in an infant with ambiguous genitalia should 
include 17-hydroxyprogesterone, testosterone, anti-Müllerian 
hormone level, androstenedione, DHEA, cortisol, ketoste-
roids, and urinalysis.4

Treatment: Management of infants with ambiguous geni-
talia should involve a multidisciplinary team that includes 
professionals in genetics, urology, endocrinology, and eth-
ics.5 Additional professionals skilled in counseling families 
should be available to assist the family in handling the social 
and psychological ramifications. Current guidelines for the 
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management of DSD recommend that all individuals receive 
a gender assignment in infancy, that this decision involves a 
multidisciplinary team and the family, and that it is guided 
by a thorough examination of endocrine function, karyotype, 
and potential for fertility.3,6 The recommendation for virilized 

cases of CAH is for a female gender assignment. The timing 
of the surgery remains controversial. The generally accepted 
view is that the initial surgery be done in infancy to reduce 
the clitoral size and externalize the vagina, with further vagi-
nal reconstruction and dilation to take place in adolescence.  

Fig. 32.4.1 Steroid biosynthesis pathway: The first column contains the pathway for mineralocorticoids (aldosterone), the second for glucocorticoids (cortisol), 
and the third for androgens (testosterone). The genes encoding the enzymes are indicated in parentheses. (Adapted from Speiser and White. N Engl J Med 
349:776, 2003).

Fig. 32.4.2 Ambiguous genitalia in a 46,XX female with virilizing adrenal hyperplasia. The clitoris is enlarged, resembling a short penis with hypospadias, and the 
labia are rugated, resembling the scrotum.
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Hormonal replacement is done under the guidance of the 
endocrinologist to support the gender assignment and to pro-
vide needed glucocorticoid and mineralocorticoid support.

Specific genetic testing is available for many of the causes 
of ambiguous genitalia and helps confirm a suspected diagno-
sis and provide reproductive information for future pregnan-
cies. If there is no obvious cause for the ambiguous genitalia, 
a genomic microarray could be performed to look for copy 
number variants.

Prognosis: In classical CAH (21-hydroxylase deficiency) 
the fertility potential should be normal, although there may 
be a higher risk for oligomenorrhea or amenorrhea in affected 
females. The capacity for normal sexual function depends 
upon the expertise of the surgical team and the ability to pre-
serve erectile function and innervation of the clitoris. Scarring 
can occur that limits the size of the introitus, and additional 
dilation or surgery may be needed. From the standpoint of 
gender identity, more than 90 percent of cases of 46,XX CAH 

identify themselves as female. There is a risk of psychological 
trauma from the frequent genital examinations, the potential 
for scarring, and abnormal appearing genitalia. Care should 
be taken by the team to minimize the stigma of the disorder 
of sexual development and to provide adequate counseling for 
the individual and the family.3,5
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32.5 mÜlleRian aPlaSia

(Mayer-Rokitansky-Küster-Hauser Syndrome)

Definition: Absence or hypoplastic development of the uterus, Fallopian tubes, cervix, and upper vagina in a 46,XX individ-
ual with normal ovaries and female external genitalia.

ICD9/ICD10: 752.49/Q52.8 Syndrome Associations (Appendix)
Fraser (FRAS1, GRIP1, FREM2)
Meckel-Gruber (MKS1)
Müllerian aplasia-hyperandrogenism (WNT4)
MURCS
Prenatal thalidomide exposure

Birth prevalence: 1/4,000–1/5,000

Associated anomalies: urinary tract anomalies, skeletal 
anomalies

Laboratory studies: ultrasonography or MRI of internal 
genital structures

Prenatal diagnosis: unlikely

Cause: absence of the Müllerian ducts

Among individuals described with absence of the vagina, most 
(90  percent) have Müllerian aplasia; the remaining 10  per-
cent have vaginal atresia only. Although most females with 
Müllerian aplasia do not have a multiple malformation syn-
drome, Müllerian aplasia has been an occasional component 
of a number of syndromes as well as part of the MURCS asso-
ciation (Müllerian duct aplasia, Unilateral Renal agenesis, and 
Cervicothoracic Somite anomalies). In addition, in contrast to 
the normal 46,XX complement found in most patients with 
Müllerian aplasia, chromosome abnormalities—46,X,i(Xq); 
46,XX, t(12;14); 45,X/46,XX; 46,XX/46,XXX; 47,XXX; 45,X - 
have been found in a few affected individuals. There have been 
familial reports of Müllerian aplasia; however, no clear genetic 
cause has been found in the majority of cases.1,2

Individuals with Müllerian aplasia usually present with 
primary amenorrhea. Secondary sexual characteristics are 
normally developed (Fig. 32.5.1). Physical examination reveals 

a 1–2  cm vaginal pouch. Uterine remnants may or may not 
be palpable. Ultrasound examination or magnetic resonance 
imaging will demonstrate the presence of hypoplastic uterine 

Fig. 32.5.1 Schematic of Müllerian aplasia (A) compared with normal 
Müllerian development (B). (After Sarto and Simpson. Birth Defects Orig 
Artic Ser XIV(6C):37, 1978. Alan R. Liss Inc., New York, for the National 
Foundation-March of Dimes.)
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structures in some and their total absence in others. Both ovar-
ian sex steroids and plasma gonadotropin levels are normal.

Treatment: Management of Müllerian aplasia has two major 
components:  the anatomical management to ensure that 
patients can have the option of penile-vaginal intercourse, 
and the psychological care to help the patients cope with the 
impact of the condition.3-5 Creation of a neovagina can be 
done through a surgical or nonsurgical approach. Surgically, 
vaginal construction is performed by placing a stent, covered 
with a split-thickness skin graft taken from the patient’s thigh 
or buttock, into a cavity created surgically between the urethra 
and rectum (McIndoe or modified McIndoe procedure) (Fig. 
32.5.2). Alternatively, a nonsurgical approach may be taken in 
which the patient repeatedly applies successively larger dilators 
to the vaginal pouch.

Women with Müllerian aplasia cannot carry a pregnancy 
themselves but have normal ovaries. Oocyte harvesting can 
be done to be used for a surrogate pregnancy. If a function-
ing uterine remnant is suspected, laparoscopy can be used to 
excise the remnant to prevent endometriosis and pain second-
ary to absence of the outflow tract.

Prognosis: The success of the surgical approach results in 
good functional results as long as the woman can comply with 
the requirement for continued use of a vaginal stent until regu-
lar sexual intercourse is established. The nonsurgical approach 
requires a woman or adolescent to repeatedly instrument the 
vagina but does result in an adequate size in some women. 
However, providing a functional vagina is only one of the deter-
minants to a successful sexual relationship. Studies looking at 
the long-term psychological effects of the condition suggest that 
optimum results require psychological care as well as medical.3
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32.6 aBSenCe OF tHe FallOPian tUBe

Definition: Partial or complete absence of the Fallopian tube in the presence of a normal uterus.

ICD9/ICD10: 752.19/Q50.6 Syndrome Associations (Appendix)
None

Birth prevalence: rare

Associated anomalies: none

Laboratory studies: MRI

Prenatal diagnosis: unlikely

Cause: primary vascular accident or adnexal torsion

Unilateral absence of a Fallopian tube is most often discov-
ered incidentally, but may present with infertility (Fig. 32.6.1).1 
Occasionally both tubes are absent, or present as remnants 
with either unilateral or bilateral absence of the ovaries. 
Presentation is either as infertility or primary amenorrhea. 
The unilateral absence of a Fallopian tube and the ipsilateral 
ovary suggests either adnexal torsion or a primary vascular 
accident as etiology. In cases of Müllerian aplasia, the Fallopian 
tube and ipsilateral ovary usually remain. There is no known 
genetic basis for this rare entity.2
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32.7 inCOmPlete mÜlleRian FUSiOn

(Uterine Fusion Anomaly, Unicornuate Uterus, Bicornuate Uterus, Septate Uterus, Arcuate Uterus, Uterus Didelphys)

Definition: Failure of fusion of the paired Müllerian ducts.

ICD9/ICD10: 752.49/Q52.8 Syndrome Associations (Appendix)
Bardet-Biedl (ARL6, MKKS, BBS7, TTC8, TRIM32, 
MKS1, CEP290, C2OF86, LZTFL1, BBIP1)
Fraser (FRAS1, GRIP1, FREM2)
Hand-foot-uterus (HOXA13)
Meckel (MKS1)
Roberts (ESCO2)
Prenatal diethylstilbestrol exposure
Prenatal thalidomide exposure

Birth prevalence: 1/30–1/50

Associated anomalies: renal anomalies

Laboratory studies: ultrasonography or MRI of internal 
genital structures

Prenatal diagnosis: unlikely

Cause: Mendelian, polygenic, environmental

Uterine fusion anomalies most commonly come to medical 
attention because of poor obstetrical outcomes.1,2 Alternatively, 
if an obstructed hemiuterus or hemivagina coexists, presenta-
tion may be shortly after expected onset of menses because 
retention of menstrual discharge leads to cyclic pelvic pain and 
hematometra or hematocolpos. If associated renal anomalies 

are present, Müllerian anomalies may be discovered in child-
hood during an evaluation of the urinary tract.

Uterine fusion anomalies include a unicornuate uterus, 
arcuate uterus, septate uterus, bicornuate uterus, and didelphic 
uterus (Fig. 32.7.1). In a unicornuate uterus there is a single 
Fallopian tube and a normal vagina, with or without a blind 

Fig. 32.6.1 Schematic of unilateral absence of the Fallopian tube.
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or communicating rudimentary hemiuterus (Fig. 32.7.2). 
Absence of the kidney ipsilateral to the absent or rudimentary 
hemiuterus is common. The arcuate uterus is characterized by 
a flattened fundus with a midline notch. In a septate uterus, 
the external appearance is normal, but a septum extends 
from the fundus to the cervix, with absence of the caudal por-
tion of the septum being a common variant. In a bicornuate 
uterus, two uterine cavities terminate in either a single cer-
vix or two separate cervices, with a deeply notched fundus. 
A didelphic uterus has two separate cavities with separate cer-
vices, and in 75 percent of cases a septate (longitudinal) vagina. 
Rarely, separate hemiuteri may be associated with two vaginas 
with widely separate orifices and duplicated vulva.

Diagnosis is made by physical examination of the vagina, 
cervix, and uterus. Ultrasound examination, magnetic resonance 
imaging, hysterosalpingography, laparoscopy, and hysteroscopy 
may also be useful in determining the structure of the internal 
genitalia. Urinary tract anomalies are not infrequently found in 
patients with incomplete Müllerian fusion. Although usually an 
isolated anomaly, with or without an associated renal anomaly, 
incomplete Müllerian fusion may also be found as an occasional 
component of several genetic syndromes, listed above.

Although genes from the Wnt and Hox families have been 
proposed in the etiology of isolated incomplete Müllerian 
fusion, no specific genetic etiology has been determined, and 
it is believed that the cause is polygenic or epigenetic.3-5

Fig. 32.7.1 Schematic of uterine fusion anomalies. A: Normal uterus. B: Unicornuate uterus. C: Arcuate uterus. D: Septate uterus. E: Bicornuate uterus. F: Didelphic 
uterus, septate vagina. (From Simpson.3)

Fig. 32.7.2 Schematic of unicornuate uterus with communicating rudimentary horn (A) and noncommunicating (blind) horn (B).
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Treatment: Obstructive complications can arise in a rudi-
mentary horn due to the presence of endometrial tissue 
without a communication with the normal horn or vagina, 
resulting in cyclic pain. Endometriosis is also found with 
increased frequency in patients with obstructed, anomalous 
uteri. Excision of the rudimentary horn with an endometrial 
cavity is performed. If a pregnancy occurs through transperi-
toneal migration of sperm in a rudimentary horn, there is a 
risk of rupture and massive hemorrhage.2

In the cases of uterine didelphys with a longitudinal vaginal 
septum, unilateral cervical and vaginal obstruction may coex-
ist (Fig. 32.7.3). Menstruation will result in unilateral hema-
tocolpos as well as cyclic menstrual flow through the adjacent 
normal cervix and vagina. Drainage of the hematocolpos and 
removal of the vaginal septum are required.

Prognosis: In the nonobstructive forms of incomplete 
Müllerian fusion, patients are usually fertile but suffer a variety 
of obstetrical complications. In addition, deformations of the 
fetal skull, face, and limbs, as well as pulmonary hypoplasia 
have been reported in the offspring of women with bicornuate 
or septate uteri.1 Spontaneous abortion, premature delivery, 
abnormal fetal presentations, retained placenta, and dystocia 
are all increased in frequency. In particular, patients with sep-
tate uteri appear to have increased fetal wastage compared to 
that of women with other forms of incomplete uterine fusion.2
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32.8 CeRViCal aPlaSia

(Cervical Agenesis, Cervical Atresia, Agenesis of the Uterine Cervix)

Definition: Absence or hypoplasia of the distal cervix and cervical canal resulting in discontinuity between the uterine cavity 
and the vagina.

ICD9/ICD10: 752.43/Q51.5 Syndrome Associations (Appendix)
Mayer-Rokitansky-Küster-Hauser
MURCS
Robinow (ROR2, WNT5A)

Birth prevalence: rare

Associated anomalies: uterine hypoplasia or aplasia or 
other anomaly, vaginal aplasia, uterine duplication

Laboratory studies: ultrasonography or MRI of the uterus

Prenatal diagnosis: unlikely

Cause: sporadic, Mendelian

Congenital anomalies of the uterine cervix can be classified 
into two primary categories: cervical agenesis with or without 
a vagina, and cervical dysgenesis, in which there are stromal 
fragments of the cervix present (Fig. 32.8.1).1 The latter can also 
occur with or without a vagina present. Cervical dysgenesis 
can occur as cervical fragmentation, cervical dysgenesis with 
a fibrous cord, and cervical obstruction in which the cervix is 
well formed but the endocervical canal is absent. It may result 
from failure of canalization of the Müllerian ducts or local epi-
thelial hyperplasia. Cervical aplasia occurs as an isolated defect 

and in association with duplication of the uterus and several 
malformation syndromes.2,3

Treatment: Treatment for cervical anomalies depends upon 
whether there is aplasia or dysgenesis and whether the vagina 
is absent or present. Uterovaginal anastomosis can be per-
formed in individuals with cervical agenesis, while reconstruc-
tive procedures may be necessary with cervical dysgenesis 
involving cervical fragmentation or dysgenesis with a fibrous 
cord. In cervical obstruction in which the endocervical lumen 

Fig. 32.7.3 Schematic of didelphic uterus with obstructing vaginal septum.
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is obliterated, a reconstructive procedure is used to establish 
a lumen.5

Prognosis: Many patients require additional procedures 
following reconstructive surgery in cervical aplasia or 

dysgenesis. Hysterectomy is often recommended because of 
the risk of ascending infection after surgery. There is also 
an increased risk of endometriosis. However, in cases in 
which the cervix is well formed and only an endocervical 
canal needs to be formed, successful pregnancies have been 
achieved.
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32.9 VaGinal aPlaSia

(Vaginal Agenesis, Vaginal Atresia)

Definition: Absence of the lowest third of the vagina with normal external genitalia, upper vagina, cervix, and uterus.

ICD9/ICD10: 752.45/Q52.0 Syndrome Associations (Appendix)
Antley-Bixler (FGFR2, POR)
Bardet-Biedl (BBS1, BBS2, ARL6, BBS4, BBS5, MKKS, 
BBS7, TTC8, BBS9, BBS10, TRIM32, BBS12, MKS1, 
CEP290, C2OF86, SDCCAG-8, LZTFL1, BBIP1, TFT27)
Fraser (FRAS1, GRIP1, FREM2)
Mayer-Rokitansky-Küster-Hauser
McKusick-Kaufman (MKKS)

Birth prevalence: 1/5,000

Associated anomalies: Müllerian aplasia in 90% of 
cases, renal anomalies, hematocolpos, hematometra, 
hematosalpinx, anorectal malformations

Laboratory studies: ultrasonography or MRI of the uterus

Prenatal diagnosis: ultrasonography may reveal 
mucocolpos or associated anomalies

Cause: sporadic, Mendelian

Absence of the lowest third of the vagina is not often diagnosed 
in the newborn period. The patient typically presents at the 
time of expected menses with cyclic abdominal cramping and 
absence of menstrual flow.1-3 The menstrual flow is obstructed 
causing hematocolpos, hematometra, and hematosalpinx (Fig. 
32.9.1). If unrecognized, a large pelvic-abdominal mass may 
develop. The diagnosis should be expected in a female with 
normal secondary sexual characteristics, pubic and axillary 
hair, normal external genitalia, and primary amenorrhea. 
Pelvic examination reveals a short vaginal pouch terminat-
ing in 2–3  cm of fibrous tissue (Fig. 32.9.2). Ultrasound or 
MRI demonstrates the presence of a uterus.4 Renal anomalies 
may be present. Vaginal aplasia may rarely be diagnosed in a 
newborn who presents with mucocolpos. Usually an isolated 
anomaly, vaginal aplasia also occurs with anorectal malforma-
tions and as an occasional component of the several malforma-
tion syndromes (see Syndrome Associations).5

Fig. 32.9.1 Schematic showing hematocolpos, hematometra, and 
hematosalpinx secondary to vaginal atresia.

Fig. 32.8.1 Schematic of cervical atresia.
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Treatment: Treatment requires creation of a neovagina. 
There is no consensus regarding the optimum treatment, and 
the techniques vary according to geographical location and 
surgeon preference. Techniques include dilation as well as 
surgical techniques.6 The American Congress of Obstetricians 
and Gynecologists in 2013 recommended that dilation be used 
as a first-line treatment. Surgical approaches include dissect-
ing between the urethra and rectum to create a vaginal space 
between the urogenital sinus and the upper vagina. A  flap, 
consisting of full or split thickness skin graft, is then placed 

using a stent or, alternatively, peritoneum or bowel mucosa can 
also be surgically inlaid.

Prognosis: If the disorder is diagnosed soon after menarche 
and if satisfactory drainage of the uterus and cervix is achieved, 
damage to the uterus and Fallopian tubes and development of 
endometriosis may be avoided. Successful pregnancies have 
been reported in treated women. In many cases, however, 
endometriosis secondary to retrograde menstruation through 
the Fallopian tubes into the pelvis is already present at the time 
of diagnosis. Studies of sexual satisfaction have identified dys-
pareunia as the major physical complaint, which seems to be 
more prevalent with the surgical treatments.7
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32.10 tRanSVeRSe VaGinal SePtUm

Definition: A vaginal membrane above the hymen and with normal external genitalia, uterus, and cervix. Imperforate hymen 
and vaginal atresia are excluded.

ICD9/ICD10: 752.46/Q52.11 Syndrome Associations (Appendix)
Ectrodactyly, ectodermal dysplasia-clefting (TP63)
McKusick-Kaufman (MKKS)
Oculofaciocardiodental (BCOR)

Birth prevalence: 1/1,000–1/8,000

Associated anomalies: uterine and urinary tract 
anomalies

Laboratory studies: ultrasonography, MRI

Prenatal diagnosis: ultrasonography or MRI if 
hydrometrocolpos is present

Cause: sporadic, Mendelian

The diagnosis of a transverse vaginal septum can be made at 
any age (Figs. 32.10.1, 32.10.2, ).1-3 There are three common 
ages of diagnosis: neonatal, adolescent, and adult. The diagno-
sis should be suspected in a newborn female having respiratory 
difficulty and urinary, intestinal, or circulatory obstruction 
due to a large abdominal mass resulting from hydrometrocol-
pos or mucometrocolpos. Occasionally the hydrometrocolpos 
presents prenatally as a pelvic mass. Treatment is urgent, as 
there is a risk of sepsis with congenital hydrometrocolpos.

In adolescence, the diagnosis is usually made by a vaginal 
examination following detection of a pelvic-abdominal mass 
in a young woman with amenorrhea, cyclic lower abdominal 
pain, and normal secondary sexual characteristics with pubic 
and axillary hair. A woman with an imperforate septum may 
also come to medical attention because of dyspareunia, during 
routine prenatal care, or because of obstructed labor.

Rectal examination, ultrasound, or MRI will reveal a uterus 
that is usually normal but sometimes bicornuate or septate.4,5 

Fig. 32.9.2 Schematic of vaginal atresia. (From Sarto GE, Simpson 
JL: Abnormalities of Müllerian and Wolffian duct systems. Birth Defects Orig 
Artic Ser XIV(6C):37, 1978.)
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Intravenous pyelogram or renal ultrasound may show uri-
nary tract anomalies (hypoplastic kidney, ureteral duplication, 
vesicovaginal fistula, caliectasis, hydronephrosis). In addition 
to other urogenital anomalies, gastrointestinal, skeletal, and 
cardiovascular anomalies can be seen in association with a 
transverse vaginal septum. Prenatal diagnosis has been pos-
sible with MRI.6

Transverse vaginal septum results from incomplete fusion 
of the vaginal components of the Müllerian ducts and the uro-
genital sinus or failure of complete canalization of the vagi-
nal core. It is distinguished from an imperforate hymen by the 
identification of the hymen inferior to and separate from the 
septum. This malformation is differentiated from vaginal atre-
sia by the presence of normal vagina below and above the sep-
tum and by the length of the abnormal segment. Transverse 
vaginal septa are usually isolated defects but are also a compo-
nent of the McKusick-Kaufman syndrome. Other features of 
the latter syndrome are postaxial polydactyly and congenital 
heart malformation.

Treatment: The hydrometrocolpos or hematometrocol-
pos needs to be drained and the vaginal septum surgically 
resected.7

Prognosis: The prognosis is dependent upon the compli-
cations present at the time of diagnosis. Long-term compli-
cations include dyspareunia, menstrual difficulties, fertility 
related to endometriosis, miscarriages, and preterm labor. 
Endometriosis is seen in 47 percent to 73 percent of adoles-
cents following treatment for transverse vaginal septum.
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Fig. 32.10.1 Schematic of transverse vaginal septa. a. High septum. 
b. Midvaginal septum. c. Low septum.

Fig. 32.10.2 Low vaginal septum. Urethra is dilated.
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32.11 lOnGitUDinal VaGinal SePtUm

Definition: A wall of tissue along the length of the vaginal canal because of incomplete fusion of the two Müllerian ducts par-
titioning the space into two vaginal passageways.

ICD9/ICD10: 752.47/ Q52.12 Syndrome Associations (Appendix)
Camptobrachydactyly
Hand-foot-genital (HOXA13)
Herlyn-Werner-Wunderlich
Johanson-Blizzard (UBR1)

Birth prevalence: very rare

Associated anomalies: other genitourinary anomalies

Laboratory studies: ultrasonography

Prenatal diagnosis: unlikely

Cause: incomplete fusion of the lower parts of the 
Müllerian ducts

Longitudinal vaginal septa may be coronal or sagittal and may 
extend the length of the vagina or be restricted to the proxi-
mal (cervical) or distal ends of the vagina (Fig. 32.11.1). Visual 
inspection of the vagina will reveal a vaginal septum. Patients 
may be asymptomatic or present with difficulty inserting tam-
pons or dyspareunia.

Most longitudinal vaginal septa are associated with incom-
plete Müllerian fusion of the upper genital tract. Longitudinal 
septa may be found as the component of several genetic syn-
dromes. In the absence of a syndrome or coexistent incom-
plete Müllerian fusion, somatic anomalies are uncommon. 
The etiology of isolated transverse longitudinal septa is likely 
abnormal mesodermal proliferation or incomplete canaliza-
tion of the vagina. The vaginal septum can be resected if it is 
symptomatic.
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33 | BREASTS

ROGER E. STEVENSON

INtrODUCtION

The rudimentary breasts of males and females do not differ 
at birth.1 The nipple may be difficult to see, and the areola is 
not prominent. However, most term infants have a palpable 
breast nodule beneath the areola. Only the main milk ducts 
are formed at birth, and the mammary gland remains undevel-
oped until puberty.

The areola and nipple are more deeply pigmented than 
normal skin and are pigmented more in brunettes than in 
blondes.2 This pigmentation is also related to the estrogen level 
and is more marked in younger females. The skin of the nipple 
is hairless and contains large numbers of sebaceous glands, 
which are grouped around openings of the milk sinuses. The 
areola has lanugo-type hair follicles around the periphery and 
does not have the well-developed dermal papillae of the nip-
ple. The areola contains three types of specialized sweat glands, 
which project above the skin’s surface.

A N AT O M I C A L  E M B RY O L O G Y

Mammary glands are modified sweat glands that develop from 
two parallel bands of epidermis called the mammary lines or 
mammary ridges (Fig. 33.I.1). At seven weeks, these bands 
extend from the axilla to the groin (Table 33.I.1). Normally, 

only epidermis from portions of the ridges in the thoracic 
region proliferates and penetrates the underlying mesen-
chyme. As it proliferates, it forms 16 to 24 solid buds that, by 
the end of the fetal period, become canalized to create the lac-
tiferous ducts. Initially these ducts open into an ectodermal 
pit, but with proliferation of underlying mesenchyme the pit 
differentiates into the nipple (Fig. 33.I.2). Although lactiferous 
ducts are present at birth, no alveoli for milk production have 
yet formed: only at puberty does branching of the ducts occur 
to form alveoli and secretory cells.

M O L E C U L A R  E M B RY O L O G Y

Development of mammary glands requires a cascade of 
epithelial-mesenchymal signaling interactions. Early speci-
fication of both the mammary line and placodes relies on 
FGF and WNT signaling. It is believed that FGF signals are 
critical for the specification and patterning of the mam-
mary palcodes as well as regulation of Wnt10b expression. 
WNT10B signals through LEF1 in the mammary line, while 
expression of the transcription factor Tbx3 progresses from 
the underlying mesenchyme into the placodes. Dorsal/
ventral positioning is established by the mutually antago-
nistic expression of Bmp4 and Tbx3.3 The HH signaling 
pathway has pleiotropic effects on mammary development, 

Fig. 33.I.1 Schematic of ventral view of embryo at about day 28 showing mammary ridges (A) and at about day 46 showing regression of the ridges except at the 
midthoracic level when nipples normally develop (B). (Adapted from Moore KL: The Developing Human, ed 4. WB Saunders, Philadelphia, 1988.)



872 |  H U m a N  m a l f O r m at I O N s  a N D  r e l at e D  a N O m a l I e s

largely mediated through the transcriptional repressor Gli3. 
Initially, GLI3 appears to act upstream of FGF and WNT 
signaling but also has later roles in recruiting ectodermal 
cells in mammary rudiments and growth of the mammary 
placodes.4 Sexual dimorphism of the mammary glands and 
nipple formation is mediated by PTHrP released from the 
mammary gland epithelium.

REFERENCES

 1. Brumstead JR, Riddick DH: The nonlactating human breast. In: Gynecology 
and Obstetrics, vol V. JJ Sciara, ed. JB Lippincott, Philadelphia, 1990, p 1.

 2. Haagensen CD:  Diseases of the Breast, ed 3. WB Saunders Co, 
Philadelphia, 1988.

 3. Cowin P, Wysolmerski J:  Molecular mechanisms guiding embryonic 
mammary gland development. Cold Spring Harb Perspect Biol 2:a003251. 
doi: 10.1101/cshperspect.a003251, 2010.

 4. Lee MY, Sun L, Veltmaat JM:  Hedgehog and Gli signaling in embry-
onic mammary gland development. J Mammary Gland Biol Neoplasia 
18:133, 2013.

Fig. 33.I.2 Schematic showing development of the mammary gland between week 7 and term gestation. (Adapted from Moore KL: The Developing Human, ed 4. 
WB Saunders, Philadelphia, 1988.)

TABLE 33.I .1  stages of Development of the Human 

mammary Gland*

mammarY DeVelOPmeNt

aGe Of emBrYO 

(DaYs)

leNGtH Of 

emBrYO (mm)

Mammary ridge 35 6

Mammary bud 49 20

Nipple formation 50 22

Primary sprouts 84 68

Secondary sprouts 100 110

Myoepithelial cells 140 160

Canalization of primary sprouts 150 170

Milk ducts 260 320

*From Brumstead and Riddick19

33.1 amastIa aND HYPOmastIa

Definition: Absence of breast tissue (amastia) or underdevelopment of breast tissue (hypomastia).

ICD9/ICD10: 757.6/Q83.0, Q83.8 Syndrome Associations (Appendix)
Al Awadi/Raas-Rothschild
Amastia-ureteral replication
Becker melanosis
de Lange (NIBPL)
Ectodermal dysplasia, anhidrotic
Ectodermal dysplasia, euhidrotic
Ectodermal dysplasia, hypohidrotic (ED1)
Ectodermal dysplasia-diabetes-lipoatrophy
Ectrodactyly-ectodermal dysplasia-cleft lip/palate (TP63)
Escobar
Poland
Progeria (LMNA)
TE fistula-amastia
Ulnar-mammary (TBX3)
Trisomies 4p, 18, 20
Turner (45,X)
Prenatal methimazole exposure

Birth prevalence: none

Associated anomalies: skin, skeletal, muscle

Laboratory studies: none

Prenatal diagnosis: none

Cause: chromosomal, Mendelian, environmental
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In infancy and childhood the breasts are not conspicuous in 
males or in females. During this time, the nipples and areo-
las serve as topographic landmarks indicating the location of 
future breast development. Amastia is usually accompanied 
by absence of the nipple and areola.1,2 In hypomastia, the nip-
ple is usually present. Absence of the nipple (athelia), while 
not always identified at birth, usually is noted in early life. 
Breast hypoplasia may become obvious in girls only following 
puberty.

The presence and size of breasts have been associated with 
femininity in the postpubertal female in most cultures. The 
Song of Solomon ( chapter 8, verse 8) records an early reference 
to the importance of breast development in females: “We have 
a little sister, and she hath no breasts: what shall we do with our 
sister in the day when she shall be spoken for?”

Amastia/hypomastia may occur unilaterally or bilater-
ally and is more obvious when there is underdevelopment of 
the chest and shoulder musculature (Fig. 33.1.1).2-6 Although 
amastia/hypomastia may occur as an isolated defect as a com-
ponent of several malformation syndromes, the associations 
with the ectodermal dysplasias and Poland anomaly are most 
common.

Poland anomaly comprises a variable spectrum of unilat-
eral defects, which includes breast hypoplasia, nipple hypo-
plasia or athelia, absence of the pectoralis major muscle, rib 
defects, variable involvement of the upper limb, and occasional 
vertebral or renal anomalies.1 It has an incidence of 1 in 20,000, 
usually involves the right side, occurs more commonly among 
males, and perhaps has a vascular etiology. Bouwes Bavinck 
and Weaver suggest that the anomaly is due to interruption 
of the subclavian artery proximal to the origin of the internal 
thoracic artery but distal to the origin of the vertebral artery.7

Spear et  al. have described amastia and hypomastia in 
association with unilateral thoracic hypoplasia.8 In these cases, 
one side of the chest is flat or sunken, but the pectoral muscle 
appears normal. Prenatal compromise to the chest wall and 
breast bud or vascular compromise to the developing thorax 
were offered as potential explanations.

As the nipple, areola, and the ductal system of the breasts 
are derived from ectoderm, absence or hypoplasia of these 
structures is a variable manifestation in the ectodermal dyspla-
sia.9-10 The association with renal malformations is not so read-
ily explained. Athelia transmitted as an autosomal recessive 
trait and caused by a mutation in PTPRF has been reported.11

Amastia results from failure of development or complete 
regression of the pectoral portion of the mammary ridges.5 
Absence of the nipple and areola generally accompanies amas-
tia. The very rare occurrence of the absence of glandular breast 
tissue but with intact nipple and areolar development is termed 
amazia.12,13 Development of breast tissue without a nipple is 
difficult to explain embryologically. Histological verification 
of aberrant breast tissue without nipples has been confirmed 
only in the axilla, where it probably represents an extension or 
separation of the tail of normal breast tissue.14

The supportive connective tissue of the breast is derived 
from mesenchyme during the sixth week of embryogenesis. 
These mesenchymal cells later become adipose tissue and 
stroma, which in a fully developed breast account for varia-
tion in size. The adipose and fibrous connective tissues are 
the components responsible for the reduced breast volume in 
hypomastia. Variations in breast size may be determined dur-
ing the sixth week of embryogenesis even though they are not 
manifested until puberty in response to hormonal stimulation. 
Rosenberg et al. noted an association between hypomastia and 

Fig. 33.1.1 Left: bilateral absence of nipple and breast in a male. Middle: unilateral absence of the nipple and breast in a male with Poland-Möbius syndrome. 
Right: unilateral hypoplasia of the breast and reduction defect of ipsilateral hand in female with Poland anomaly. (Right: Courtesy of Dr. Vazken Der Kaloustian, 
The Montreal Children’s Hospital, Montreal.)
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mitral valve prolapse and hypothesized that their association 
may be related to the common mesenchymal origin and simul-
taneous embryologic differentiation during the sixth week of 
fetal life.15

Breast hypoplasia may be initiated by therapeutic manipu-
lation or injury to the rudimentary breast tissue in the male or 
female. Trauma, incisions, infectious lesions, or radiation ther-
apy to the breast bud during the prepubertal period can result 
in maldevelopment and hypoplasia.16 When thoracotomy 
tubes were inserted between the third and fourth intercostal 
spaces, the majority of children had a greater than 20 percent 
difference in breast volume because of the breast hypoplasia 
caused by the chest tube insertion.17 It is recommended that 
chest tubes be inserted below the seventh or eighth rib and that 
during surgery of the chest wall the pectoralis major muscle be 
elevated as a unit and not divided.

Treatment: There is little doubt that construction of breasts 
in an adolescent girl with amastia is desirable. When absence 
of breasts is not associated with other major anomalies, early 
reconstruction is desirable.2,3,18 Construction of nipples should 
be considered during childhood before the defect causes dis-
tress for the child or parents. Breast construction is advised in 
the adolescent period.

Prognosis: Mammary asymmetry causes more distress in 
patients than bilateral hypomastia. Unilateral development of 
breast tissue in adolescence may represent nonisometric growth 
at puberty, with ultimate breast development being symmetrical.
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33.2 eNlarGeD Breasts

(Macromastia)

Definition: Hyperplasia or hypertrophy of normal breast tissue.

ICD9/ICD10: 611.1/N62 Syndrome Associations (Appendix)
Cowden

Birth prevalence: very common

Associated anomalies: usually none

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: usually sporadic, occasionally Mendelian

The time of appearance is usually helpful in determining 
the type of breast enlargement. Neonatal breast hypertrophy 
occurs in males and females and is etiologically related to 
maternal hormones. Virginal breast hyperplasia (macromas-
tia) is rapid, massive, and permanent hypertrophy of one or 

both breasts that occurs at puberty.1 Breast hypertrophy of 
pregnancy, often referred to as gigantomastia of pregnancy, 
is massive breast enlargement that regresses following preg-
nancy.2 Breast enlargement from other etiologies also occurs 
and is independent of age.
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Neonatal Breast Hypertrophy. Hypertrophy of the neona-
tal breast is a common physical finding in newborns of either 
sex. A firm subareolar mass of tissue can be palpated in most 
full-term infants. A relationship exists between the presence of 
breast nodules and the level of gestational maturity. With the 
exception of diabetic progeny and small-for-gestational-age 
newborns, the size of the breast nodule can be used as a crite-
rion to evaluate maturity at birth.

Breast nodules can be palpated in over 99  percent of 
full-term infants (Fig. 33.2.1).3,4 Eighty percent of clinically 
well premature infants of 36 weeks gestation weighing 2200 
to 2400 grams at birth have palpable breast nodules, whereas 
only 3 percent of infants weighing less than 1500 grams have 
palpable breast nodules.3 The lack of palpable breast nodules 
in infants of diabetic mothers and in low-birth-weight new-
borns may indicate that these infants are less mature than the 
gestational history indicates or may result from factors that are 
unknown at present (Fig. 33.2.1).4,5

Placental estrogen and progesterone together with fetal 
prolactin may control the development of mammary tissue 
during fetal life.4 The fetus produces plasma prolactin in the 

pituitary by midterm, and at the time of delivery fetal pro-
lactin concentrations are similar to maternal prolactin con-
centrations. The fetal ovaries are relatively inactive, and the 
circulating estriol, estradiol, and progesterone are produced by 
the placenta in both male and female fetuses.

Within the first week a fluid similar to colostrum, “witch’s 
milk,” can be secreted by the breast nodules of both male and 
female infants.4 This increased secretion parallels that of the 
maternal mammary gland and is believed to be related to the drop 
in placental steroids and continued high prolactin concentrations.

The mammary gland remains inactive and nonsecretory 
during childhood when the plasma estrogen levels are low. The 
stromal tissue and elongation of ducts grow in proportion to 
overall body growth. There is no further lobular development 
prior to puberty.

Neonatal breast hypertrophy is self-limited and most 
often resolves over a three- to four-week period. Breast nod-
ules can persist into the second half of the first year. One case 
of persistent breast nodules with lactation was described in a 
7.5-month-old infant.6 The cause was confirmed to be manual 
stimulation of the breasts. Within two weeks of stopping the 
manipulations of the breast tissue, the breasts were reduced to 
one-third of their previous size and eventually had the nor-
mal breast tissue for age. It has been reported that one-third 
of patients with premature thelarche have breast hypertrophy 
dating from the neonatal period.

Unilateral and bilateral breast hypertrophy due to galac-
toceles or milk cysts have also been reported in infants.7 It 
appears that galactoceles are retention cysts with secretory 
activity of the breast epithelium that have been stimulated by 
prolactin and result from a nonneoplastic obstruction of breast 
ducts. The treatment consists of aspiration of the milk- like 
fluid and removal of the cysts in males.

Virginal Breast Hyperplasia. Macromastia due to a rapid 
and massive hyperplasia of one or both breasts at puberty 
has been termed virginal breast hyperplasia, which usually 
occurs between the ages of 11 and 19 years, progresses inde-
pendently of pregnancy, and does not regress with continued 
maturation.2 Virginal hyperplasia, as with the normal breast 
enlargement of adolescence, is usually symmetrical but can 
be unilateral or asymmetrical.8 On microscopic examination 
there is little abnormality, and the excessive growth appears to 
be connective tissue and fat.1 The etiology of virginal breast 
hyperplasia is uncertain. A  decrease in plasma progesterone 
level in the presence of normal plasma estrogen and growth 
hormone levels has been documented in virginal breast hyper-
plasia.8 The decreased progesterone levels may be the cause of 
the abnormality; however, it has been postulated that there is 
increased estrogen receptor sensitivity in the target tissues of 
the breast. The estrogen receptors in the ductal epithelium, col-
lagen, and stroma of the breasts may have increased sensitivity 
to minimal concentrations of the estrogens and progesterone 
that regulate breast growth and development.

Mammary tissue may continue to grow even after puberty 
is completed in females with virginal breast hyperplasia.9 
The most common treatment for virginal breast hyperplasia 
is reduction mastectomy. Recurrent hyperplasia can follow 

Fig. 33.2.1 Newborn breast nodule. Top: mean (± SE) size of breast nodules in 
average for gestational age infants (clear bars) and small for gestational age 
infants (hatched bars) at 37–40 weeks gestation. Bottom: excessive breast 
hypertrophy in a newborn male. The enlargement regressed over the initial 
months of life. (Graph reprinted with permission from McKiernan JF, Hull 
D: Arch Dis Child 56:525, 1981.)
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this surgery. If this occurs, a total glandular mastectomy with 
augmentation may be indicated. Following reduction mam-
moplasty, partial success in prevention of regrowth has been 
achieved with tamoxifin citrate.

Breast Hypertrophy of Pregnancy. Gigantomastia associ-
ated with pregnancy is a rarer condition and usually begins 
during the first month of pregnancy.2 The breasts may grow to 
several times their normal weight and size and become inca-
pacitating. The breasts are tense and edematous, with a p’eau 
d’orange appearance and large, prominent superficial veins. 
Because of the extreme growth and increased skin pressure, 
necrosis, ulceration, infection, and hemorrhage may occur 
from insufficient cutaneous perfusion.2

Breast hypertrophy of pregnancy is usually a benign condi-
tion and recedes with the cessation of pregnancy and lactation.2 
In most cases treatment can be conservative and should include 
proper breast support and good skin hygiene. With severe pain, 
infection, necrosis, or hemorrhage, reduction mastectomy may 
be necessary. Therapeutic abortions have been chosen by some 
women. However, affected women should be advised that 
breast hypertrophy probably will recur in future pregnancies 
and that reduction mastectomy can be considered.2

Breast Hypertrophy Due to Other Causes. Breast hyper-
trophy has been described in adolescent and adult females follow-
ing use of D-penicillamine.10 While on the medication, affected 
women experience an increase in breast size that ceases when 
the drug is discontinued. However, there have been no changes 
in the menstrual patterns of these patients during treatment with 
D-penicillamine. D-penicillamine-induced breast gigantism has 
been successfully treated with danazol.11 It has been proposed 
that penicillamine breaks down carrier proteins for estrogen and 
that this results in more free hormone released into the circula-
tion and available to produce a local effect on breast tissue.10

The same benign and neoplastic breast tumors that have 
been described in adults have occasionally been described in 

children. Fibroadenomas account for 75 percent to 90 percent 
of all unilateral breast masses in adolescent females and are 
unlikely to occur before puberty. These fibroadenomas are usu-
ally unilateral, isolated, rubbery, mobile masses ranging from 
1  cm to 8  cm in size. An occasional fibroadenoma becomes 
gigantiform.12 Rapid enlargement of the breasts can also occur 
with cystosarcoma phylloides.

Breast hypertrophy has been noted in Cowden syndrome, 
which is characterized by multiple hamartomas and neopla-
sias. Cowden syndrome carries an increased risk of breast can-
cer (22 percent) and shows autosomal dominant inheritance.13

Unilateral or bilateral enlargement of the breasts is rarely 
caused by breast cancer in children. Breast cancer in adoles-
cents is extremely rare, and it occurs even less frequently in 
children. The adolescent breast mass is most likely benign.
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33.3 sUPerNUmerarY Breasts aND NIPPles

(Polymastia, Polythelia)

Definition: Extra breast tissue occurring as breasts (polymastia), nipples (polythelia), or rarely areolas alone  
(polythelia areola).

ICD9/ICD10: 757.6/Q83.1 Syndrome Associations (Appendix)
Acrofacial dysostoses-postaxial defects (SF3B4)
Bannayan-Ruvalcaba-Myhre (PTEN)
Becker Nevus
Hay-Wells
Rubinstein-Taybi (CREBBP)
Setleis (temporal forceps marks)
Simpson-Golabi-Behmel (GPC3)
Pallister-Killian (tetrasomy 12p)

Birth prevalence: 1/20–1/500

Associated anomalies: cutaneous, skeletal

Laboratory studies: none

Prenatal diagnosis: unlikely

Cause: chromosomal, Mendelian
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The classification of extra breasts and nipples set forth by 
Kajava in 1915 is still in use today.1

1. Complete breasts with nipple, areola, and glandular tissue.

2. Supernumerary breasts without areola but with nipple and 
glandular tissue.

3. Supernumerary breasts without nipple but with areola and 
glandular tissue.

4. Aberrant glandular tissue only.

5. Nipple and areola with gland replaced by fat 
(pseudomamma).

6. Nipple only (polythelia).

7. Areola only (polythelia areola).

8. A patch of hair only (polythelia pilosis).

Diagnosis may be made by observation at birth or later. 
A  supernumerary nipple may be mistaken for a birthmark, 
mole, neurofibroma, papilloma, or nevus (Fig. 33.3.1). It may 

appear as a small pigmented or pearl-colored mark or con-
cave spot with a diameter of only 1–3 mm.2-5 If aberrant breast 
tissue is also present, this may resemble a lipoma, lymphade-
nopathy, or other mass. Supernumerary breast tissue may first 
be noted because of enlargement, tenderness, and lactation 
due to hormonal stimulation during puberty, menses, and 
pregnancy.

Polythelia is the most common form of supernumerary 
breast tissue. The usual site for supernumerary nipples is infe-
rior and medial to the normal breast tissue. Accessory nipples 
within a common areola have been reported.6,7 Commonly the 
supernumerary mammary tissues occur along the milkline; 
however, occurrence in atypical locations such as the neck, 
face, arms, legs, buttocks, shoulders, scapula, and spine has 
been reported (Fig. 33.3.2).2,8-11

Accessory breast tissue with or without a nipple may be 
present in the axilla. When no nipple is present, this usually 
represents an enlargement or ectopic placement of breast 
tissue from the axillary tail of Spence.10,12 Lactation may 
occur through a nipple if it is present; however, when aber-
rant axillary breast tissue is present without a nipple, lacta-
tion produces subcutaneous lactoceles from which milk is 
secreted through contiguous skin pores.13 Accessory axillary 
breast tissue is frequently diagnosed as excess axillary fat, 
although this is an unusual location for fat. Lymphadenitis, 
lymphoma, metastatic carcinoma, and hidradenitis suppu-
rativa may be misdiagnosed. After the regression of breast 
tissue following pregnancy and lactation, the axillary tis-
sue is soft, with a defined border. The presence of dense, 
nodular masses must be evaluated for the possibility of 
malignancy.

Various malformations have been associated with polythe-
lia. An isolated form of polymastia is inherited as an autoso-
mal dominant condition.4,14 Some investigators have reported 
an increased incidence of urogenital abnormalities in patients 

A

B

Fig. 33.3.1 Bilateral supernumerary nipples. A: Common location in a 12-year-
old girl with Simpson-Golabi-Behmel syndrome (generalized overgrowth and 
mental retardation). B: Uncommon location in the inguinal regions and on the 
thighs of a newborn infant. (B: Courtesy of A. Aylsworth, Chapel Hill, NC.)

Fig. 33.3.2 Sites of supernumerary nipples. Open circles indicate the most 
common sites, circles enclosing Xs are less common sites, and dark circles are 
rare sites. (Reprinted with permission from Leung and Robson.2)
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with supernumerary nipples.15,16 Others have found no such 
association.17-19

Supernumerary nipples have been associated with hyper-
tension, congenital heart and conduction defects, vertebral 
malformations, peptic ulcer, neuroses, epilepsy, ear anomalies, 
end-stage renal disease, gonadal hypoplasia, pyloric stenosis, 
and arthrogryposis.2 An association with renal and testicular 
cancers has also been reported.20-22

The significance and evaluation of patients with super-
numerary nipples is still debated. A  conservative approach 
includes palpation of kidneys and bladder, monitoring blood 
pressure, urinalysis, and renal ultrasound evaluation. Urinary 
symptoms in patients with supernumerary nipples should 
receive prompt evaluation.

Supernumerary breast tissues result from persistence of 
segments of the embryonic mammary ridges (milklines). 
There are cases in which the accessory breast tissue appears 
lateral to the axilloinguinal location of the mammary ridge, 
suggesting that the mammary ridge may initially have a lateral 
or dorsal placement with later migration to the ventrolateral 
(axilloinguinal) location.6,8 One embryo has been described 
with two parallel mammary ridges, one in a more dorsal posi-
tion, a finding that could explain the development of supernu-
merary breasts lateral to the axilloinguinal line.

The variable incidence of supernumerary nipples could be 
due to ethnic differences; however, it may also be related to the 
care with which they have been sought in various populations. 
Supernumerary nipples may be overlooked in an infant or may 
be mistaken for a birthmark or nevus. In the majority of cases 
(60–65 percent), a single extra nipple is present.2 One-third of 
cases have two nipples or breasts, approximately 4 percent have 
three extra nipples or breasts, and up to 2 percent have more 
than three extra nipples or breasts.2 Sex incidence is equal, as 
is laterality.23

Axillary breast tissue with only a glandular tissue and no 
areola or nipple is often diagnosed as a lipoma or benign neo-
plasm and is unnecessarily excised. The tissue is soft to palpa-
tion with well-defined margins and is in an unlikely location 
for a lipoma, and therefore can be followed clinically.10

Treatment: Under most circumstances no treatment is nec-
essary. They may be surgically removed for cosmetic reasons 
or if they cause recurrent symptoms.

Prognosis: Although supernumerary nipples and breasts 
have a predominantly cosmetic and psychological effect, they 
have the potential to respond to hormones and are suscepti-
ble to the same disease processes as are associated with nor-
mal breast tissue. The nipple or breast may enlarge, become 
tender, and lactate in response to puberty, menstruation, or 
pregnancy.3 There is no increase in the incidence of mastitis, 
abscesses, cystic lesions, or carcinoma in accessory breasts.2
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33.4 WIDelY sPaCeD NIPPles

Definition: Nipples that are located lateral to the midclavicular line.

ICD9/ICD10: 757.6/Q83.8 Syndrome Associations (Appendix)
Fraser cryptophthalmos
Hemangiomas-midline abdominal raphe
Ichthyosis-cheek-eyebrow
Zlotogora-cleft lip/palate-ectodermal dysplasia
Trisomy 8
dup 4p, 6q, 9p, 11q, 13qter, 19q
del 7q, 8p, 9p
Turner (45,X)
Prenatal hydantoin exposure

Birth prevalence: 1/3

Associated anomalies: cutaneous, craniofacial, cardiac, 
skeletal

Laboratory studies: chromosome analysis, genomic 
microarray

Prenatal diagnosis: unlikely

Cause: normal variation, chromosomal, Mendelian, 
environmental

To determine if nipples are widely spaced, the internipple 
measurement as a percentage of chest circumference can be 
compared on published graphs from 27 weeks gestation to age 
14 years.1 Guihard-Costa et al. prepared graphs of internipple 
measurements at various gestational ages.2 Widely spaced 
nipples have importance only because of associated anomalies. 
Fleischer found an association between lateral placement of 
the nipples and renal hypoplasia.3

The pathogenesis for lateral placement of the nipples 
has not been determined. The possibility that the milkline 
migrates to the axilloinguinal line from a more lateral position 

has been suggested.3 If this is the case, any interference in ven-
tral migration of the milkline could result in widely spaced 
nipples.
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33.5 GYNeCOmastIa

Definition: Enlargement of the glandular tissue of the breast in males.

ICD9/ICD10: 611.1/N62 Syndrome Associations (Appendix)
Aromatase gynecomastia
Börjeson-Forssman-Lehmann (PHF6)
Kallmann (KAL1, FGFR1, CHD7, FGF8, 
PROKR2, PROK2)
Kennedy
Reifenstein
Wilson-Turner (LAS1L)
Klinefelter (47,XXY)

Birth prevalence: neonatal—at least 1/2, adolescent—1/2, 
senescent—1/2

Associated anomalies: hypogonadism

Laboratory studies: chromosome analysis, sex hormone 
levels

Prenatal diagnosis: unlikely

Cause: normal variant, chromosomal, Mendelian

Gynecomastia can range in magnitude from the barely detect-
able nodule to the form and size of the mature female breast. It 
is common and has many causes. It may be a normal physio-
logical occurrence, or it may be associated with severe disease. 
It can be transient or permanent.

Physiological gynecomastia can occur during the neona-
tal period, adolescence, or senescence.1-3 Transient neonatal 
hypertrophy is seen frequently in infants as a result of maternal 
hormones. This type of breast nodule is usually 5–10 mm in 

size and regresses within a few weeks, although it may persist 
for months (Entry 33.2).

Adolescent gynecomastia is a common finding, occurring 
in 60 to 70 percent of pubertal boys and usually consisting of a 
1–3 cm tender subareolar nodule.1,4 It is self-limited and gener-
ally disappears within one year. However, in 27 percent of cases 
studied by Nidick et al., the condition persisted for up to two 
years, and in 7.7 percent it persisted for three years.5 Typically, 
adolescent gynecomastia develops in males between ages 12 
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and 17 years and appears within 1.2 years following an increase 
in testicular size, the first sign of puberty. Three-fourths of 
those affected have bilateral involvement. The development of 
adolescent gynecomastia may be related to transient elevation 
of plasma estradiol relative to testosterone.6

Senescent gynecomastia occurs between the ages of 50 
and 70 years and usually regresses spontaneously within six 
to 12  months. It appears more commonly among heavier 
men and is thought to be secondary to a decrease in andro-
gen production, with a decrease in the androgen:estrogen 
ratio.2,3

Pseudogynecomastia is present in many obese men. The 
breast enlargement is caused by the deposition of adipose tis-
sue in the pectoral area, but these men do not have glandular 
hyperplasia.

Permanent breast enlargement occurring in the male at the 
time of puberty is a pathological finding that requires evalua-
tion. It generally appears at the same time as genital growth and 
appearance of secondary sexual characteristics. Gynecomastia 
may represent an isolated feature in males and may not be 
associated with any abnormality of the genital organs or infer-
tility. This form appears to be inherited in an autosomal domi-
nant manner. The lineage of the Egyptian pharaoh Amenophis 
III, including the boy pharaoh Tutankhamen, may have been 
affected with this isolated condition.7

Gynecomastia is associated with numerous heritable con-
ditions, many of which include hypogonadism. Klinefelter 
syndrome is the most frequent and readily identified of these 
entities. These patients may be recognized in childhood by 
small testicular size, behavioral disturbances, and develop-
mental impairment. At the time of puberty the testes fail to 
enlarge, and patients have hypergonadotropic hypogonadism 
with sterility secondary to azoospermia. Gynecomastia occurs 
in about 75 percent of patients.

Niewoehner and Nuttall suggest the following method for 
evaluation of gynecomastia.8 With the patient in the supine 
position, the clinician places the examining thumb at the infe-
rior outer quadrant of the patient’s breast and the index fin-
ger at the superior inner quadrant. The breast tissue is then 
elevated and compressed between the fingers. A 2 cm mass of 
subareola breast tissue in the nonobese patient is considered 
abnormal. The consistency of the breast tissue can be com-
pared with that of adipose tissue in the axillary folds if there is 
a question of whether this is glandular breast tissue or adipose 
tissue.

Regardless of the etiology, the microscopic changes in 
gynecomastia are remarkably the same. Hyperplasia of the 
ductal system is present but usually without alveolar develop-
ment at the ends of the ducts. The hyperplastic ducts are found 
within a stroma of connective tissue that develops fibrosis and 

Fig. 33.5.1 Left: gynecomastia in a 13-year-old male from a family in which males have gynecomastia transmitted in an autosomal dominant manner. 
Middle: gynecomastia in a 15-year-old male with Klinefelter syndrome (47,XXY). Right: gynecomastia in a 15-year-old male with androgen insensitivity. (Right 
figure courtesy of Dr. Charles I. Scott, Jr, A.I. duPont Institute, Wilmington, Delaware.)
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TABLE 33.5.1 Drugs that Can Cause Gynecomastia*

Drugs with estrogenic or estrogen-related activity

Anabolic steroids (nandrolone, testosterone cypionate)

Clomiphene citrate

Diethylpropion hydrochloride

Diethylstillbestrol

Digitalis

Estrogens

Heroin

Oral Contraceptives

Tetrahydrocannabinol (cannabis, marijuana)

Drugs that inhibit the action and/or synthesis  
of testosterone

Antineoplastic agents (vincristine, nitrosoureas, 
methotrexate)

Cimetidine

Cyproterone acetate

D-penicillamine

Diazepam

Flutamide

Ketoconazole

Medroxyprogesterone acetate

Phenytoin

Spironolactone

Drugs that enhance estrogen synthesis by the testes

Human chorionic gonadotropin

Drugs with idiopathic mechanism for induction of 
gynecomastia

Amiodarone

Bumetanide

Busulfan

Domperidone

Ethionamide

Furosemide

Isoniazid

Methyldopa

Nifedipine

Reserpine

Sulindac

Theophylline

Tricyclic antidepressants

Verapamil

*From Bland and Page12

hyalinization. Estrogen is responsible for the growth of the 
tubal duct system, but the alveoli do not develop in the absence 
of progesterone.

Excess estrogen secretion or a decreased androgen:  
estrogen ratio is usually responsible for gynecomastia.2,3 
Drug exposures and systemic diseases can affect this bal-
ance.9 Gynecomastia resulting from estrogen stimulation can 
arise from increased estrogen production by the adrenals or 
testes, increased availability of substrate from peripheral con-
version of androgens to estrogens, or increased aromatization 
in peripheral tissues.

In ovotesticular disorder of sex development (older term 
true hermaphroditism), both an ovary and a testes or a gonad 
with histological features of both (ovotestes) are present. At 
puberty, three-fourths of these individuals develop signifi-
cant gynecomastia, and about one-half menstruate in a cyclic 
pattern.10

Male hypogonadism is often accompanied by gynecomas-
tia (Fig. 33.5.1). It results from failure of testosterone synthesis 

or action and is generally associated with elevation of plasma 
gonadotropins.1-3 There may or may not be a secondary 
increase in testicular estrogen secretion. About one-half of the 
patients with congenital anorchia develop gynecomastia.6 In 
these patients, the estradiol production is only about one-half 
the normal amount and is derived solely from the conversion 
of plasma androstenedione to estradiol. However, the ratio of 
the plasma production of testosterone to estradiol is markedly 
decreased. Therefore, the critical factor for breast tissue hyper-
trophy is not the absolute level of estradiol but the ratio of tes-
tosterone to estradiol.

Enzyme defects that result in defective testosterone syn-
thesis also cause incomplete virilization of the male embryo 
during embryogenesis. A  complete or partial deficiency of 
17β-hydroxysteroid dehydrogenase may cause feminization, 
including gynecomastia at the expected time of puberty.8 
Gynecomastia presumably results from diminished testoster-
one production together with normal or enhanced estrogen 
production and secretion.

TABLE 33.5.1 (Continued)

(continued)
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Gynecomastia is common following secondary testicu-
lar failure from trauma, orchitis, cryptorchidism, irradiation, 
hydrocele, varicocele, and spermatocele.12 It is also recognized 
with secondary androgen deficiency in neurological diseases 
with testicular atrophy, castration, and granulomatous diseases 
of the testes.8 There is also decreased testicular function in 
patients with chronic renal failure. Gynecomastia is common 
in these males and is found in one-half of males undergoing 
hemodialysis.

An abnormality of the cytoplasmic androgen receptor pro-
tein may cause resistance to both endogenous and exogenous 
androgens. As a result, affected males (46,XY) develop com-
pletely or partially as phenotypic females.2,3 The plasma gonad-
otropin levels are elevated as a result of the negative feedback 
effect of testosterone on gonadotropin production at the hypo-
thalamopituitary level, leading to increased estrogen secretion 
by the testes and elevated production of estrone and estradiol. 
There does not appear to be a direct relationship between the 
degree of feminization in these disorders and the amount of 
estrogen secretion. The degree of feminization is influenced by 
the degree of androgen resistance.

Adrenal cortical neoplasms, lung carcinoma, and hepato-
cellular carcinoma may produce estrogen and gynecomastia.12 
In addition to feminizing adrenal tumors, virilizing con-
genital adrenal hyperplasia (11β-hydroxylase deficiency) can 
cause gynecomastia with increased estrogen production.13 An 
increased production of androstenedione results in increased 
availability of substrate, which is converted to estrogen in 
the periphery. Testicular tumors can also produce feminiza-
tion. Most of the germinal cell tumors (seminomas, embryo-
nal carcinomas, choriocarcinomas, and teratomas) produce 
human chorionic gonadotropin, which in turn stimulates 
estradiol and testosterone synthesis by the uninvolved areas 
of the testes.6,14 Increased aromatization of testosterone and 
androstenediol into estrogen precursors may play a role in the 
gynecomastia.12,15

Nongerminal gonadal stomal neoplasms of the tes-
tes including interstitial Leydig cell, Sertoli cell, and 
granulosa-theca tumors can cause gynecomastia.6,12 Leydig 
cells are the principal source of estradiol biosynthesis, and 
estradiol has an inhibitory action on testosterone production.16 
A variety of Sertoli cell tumors are familial and may be associ-
ated with precocious puberty, gynecomastia, and atriomyxo-
mas.17 Sertoli cell tumors or sex cord tumors with increased 
aromatase activity have also been associated with the autoso-
mal dominant disorder Peutz-Jeghers syndrome.18

Isolated cases of gynecomastia in individuals with pig-
mented nevus, neurofibromatosis, and nonendocrine tumors 
of the skin have been reported, but the pathogenic association 
is unproved.12 Gynecomastia occurs in 20 percent to 40 per-
cent of males with hyperthyroidism.19 Hypothyroidism can 
also result in gynecomastia as well as galactorrhea.20 Liver dis-
ease is associated with gynecomastia, which is found in 40 per-
cent of men with cirrhosis.12,21 Gynecomastia has been found 
among populations that were starved and then were supplied 
with nutritious food.12,22

Gynecomastia may result from drug administration.6,9,12 
The drugs are usually estrogens, but others that may mimic 

estrogen activity (e.g., digitalis) inhibit the action of androgens 
(e.g., cimetidine, spironalactone) or increase estrogen syn-
thesis (e.g., chorionic gonadotropin).6,9 Trauma, anxiety and 
stress, and human immunodeficiency virus (HIV) infection  
have been associated with gynecomastia. Table 33.5.1 lists 
drugs known to be associated with gynecomastia.

Treatment: A  specific diagnosis must be established before 
any medical treatment for gynecomastia is attempted. When 
the breast tissue is less than 4  cm, the condition frequently 
will resolve spontaneously.12 If the breast hypertrophy is pro-
gressive or persistent, medical or surgical treatment is indi-
cated.23-25 Disorders that include androgen deficiency have 
been treated with testosterone. However, testosterone admin-
istration to patients who have increased peripheral conversion 
of androgen to estrogen can result in further enlargement of 
breast tissue.

Medical treatment appears most effective in gynecomastia of 
recent onset.23 Antiestrogenic drugs (tamoxifan and raloxifan) 
appear most effective. Clomophine citrate, another antiestrogen 
medication, has also been used but is less successful in treat-
ing pubertal adolescent gynecomastia and has the side effect of 
increasing gonadotropin secretion.23,24 Danazol is a derivative 
of the 7a-ethyl testosterone.12,25 This drug has no estrogenic or 
progestational effect and has been used successfully in the treat-
ment of gynecomastia.2,25 Androgenic effects of muscle weak-
ness, cramps, weight gain, and acne have been reported.

Subareolar mastectomy carries little morbidity or mor-
tality. It is indicated in permanent gynecomastia for cos-
metic reasons and for avoidance of breast diseases, including 
malignancy.

Prognosis: The outcome following mastectomy appears to be 
excellent. Long-term follow up of medical therapies has not 
been conducted.
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34 | ASYMMETRIC GROWTH AND  
GENERALIZED OVERGROWTH

JENNIFER M. KALISH

introdUction

Although humans are bilaterally symmetric organisms, 
visceral-handed asymmetry reflects normal morphogenetic 
processes. External asymmetry is also the rule rather than 
the exception when exact anthropometric measurements are 
employed. Among normal external asymmetries are the fol-
lowing: the left half of the skull and the left side of the face are 
larger than the right; the right halves of the vertebral bodies, 
the sternum, the right upper limb, and the right ribs are larger 
than their left counterparts; the left testis is lower in the scro-
tum than the right; and the ears, eyes, and nipples are found at 
slightly different levels.1,2

A number of patterns of pathologic asymmetric growth 
also exist. Pathologic asymmetric growth may be an isolated 

problem in development or one feature of a variety of multiple 
malformation syndromes. These pathologic growth patterns 
may become manifest either prenatally or postnatally. One can 
conceptualize these patterns as either reflecting overgrowth or 
atrophy/underdevelopment of body parts. A case of complete 
absence of one half of the body has been described.3 A flow 
chart depicting a diagnostic approach to the child with asym-
metric pathologic growth is provided as Figure 34.I.1.
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Fig. 34.I.1 A diagnostic approach to asymmetric growth.
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34.1 hemihyPoPlAsiA/hemihyPotroPhy

Definition: Body asymmetry due to undergrowth or atrophy of one or more body parts. The growth deficiency or atrophy 
may involve an entire half of the body, a single limb, one side of the face, or combinations thereof.

ICD9/ICD10: 759.89/Q87.2 Syndrome Associations (Appendix)
CHILD (NSDHL)
Dyke-Davidoff-Masson
Focal dermal hypoplasia (PORCN)
Oromandibular limb hypoplasia
Parry-Romberg
Poland
Russell-Silver (CDKN1C, GRB10, hypomethylation H19, 
UPD 7p11.2)

Birth prevalence: variable

Associated anomalies: variable

Laboratory studies: sequencing, methylation analysis, 
SNP array

Prenatal diagnosis: ultrasonography, gene sequencing

Cause: sporadic, Mendelian (AR, AD, XL), mosaicism, 
imprinting

In cases of significant asymmetry, it is important to determine 
if the cause is undergrowth or overgrowth. For children with 
hypoplasia or atrophy, generalized undergrowth may occur 
along with asymmetry. Typically the growth deficiency begins 
prenatally. Hemihypoplasia is diagnosed based on physi-
cal exam including careful anthropometric measurements. 
Radiographs of the skull, spine, and long bones, and/or ultra-
sounds, computed tomographic images, or magnetic reso-
nance imaging of the brain or viscera can also be helpful in 
determining if there is an underlying cause of hemihypoplasia 
or hemiatrophy.1-3

Hemihypoplasia has been associated with a number of 
multiple malformation syndromes. In these disorders the 
asymmetric undergrowth is usually a reflection of a more 
generalized disorder in body growth.2 The most commonly 
seen example is Russell-Silver syndrome due to abnormal 
maternal uniparental disomy of 7p11.2, mutations in GRB10, 
hypomethylation at H19, or mutations in CDKN1C.4 Clinical 
features include intrauterine growth retardation, triangular 
facies, immature osseous development, fifth finger clinodac-
tyly, and café-au-lait spots (Fig. 34.1.1).4

Hemiatrophy is also associated with a progressive atrophic 
process. Parry-Romberg syndrome or progressive hemifacial 
atrophy is the most common, and may involve half of the body 
but is usually confined to the face. Atrophy begins in the first 
two decades and represents a slow progressive atrophy of sub-
cutaneous tissue and fat on one side of the body. 2,3,5 Other fea-
tures of Parry-Romberg syndrome also include enopthalmos, 
iris heterochromia (with the iris on the affected side of the face 
being lighter), Horner syndrome, trigeminal neuralgia, and 
seizures. Ophthalmic findings occur in 10 percent to 35 per-
cent of cases. The brain may show hemiatrophy or may be dif-
fusely atrophic.3,5,8 Dermatologic involvement is common, and 
skin hypopigmentation or hyperpigmentation may be present. 
Scalp involvement often leads to blanching of the hair or alo-
pecia. Involvement of the upper face gives rise to the “en coupe 
de sabre” appearance (a sharply demarcated area between nor-
mal and abnormal facial skin – Fig. 34.1.2).2,3,5 Patches of skin 
hyperpigmentation may also be found on the trunk and limbs. 

Biopsy tissue of the affected skin taken during the active phase 
of the process may show thickening of collagen bundles and 
inflammatory cellular infiltrates.2,3,5

Hemiatrophy can also be the result of trauma, infection, or 
neurological damage.1 Hemiatrophy is likely due to progressive 
cell death over time. The trigger for this cell death is unclear, 
but speculation includes viral triggers, hereditary degenera-
tive disorders, endocrine disorders, and late effects of trauma. 
Monozygotic twins discordant for hemiatrophy suggest underly-
ing environmental causes.6 Sensorimotor cortex damage during 
fetal development, infancy, or childhood can lead to skull thick-
ening on the ipsilateral side and body hemiatrophy on the con-
tralateral side, denoted as Dyke-Davidoff-Masson syndrome.7

The etiology of hemihypoplasia in most instances is 
unknown. However, consideration of the specific diagnosis 
is essential in assigning prognosis and recurrence risk during 
genetic counseling of families of affected patients. The patho-
genesis of this disorder involves a decrease in cell number, usu-
ally accompanying a generalized process of growth deficiency 
of prenatal onset.2

Disorders accompanying hemihypoplasia are uncommon. 
Progressive hemifacial atrophy is also a rare occurrence; an 

Fig. 34.1.1 Russell-Silver syndrome. Six-year-old girl with short stature, 
triangular face, and fifth finger clinodactyly.
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exact incidence figure is not available. There is a slight excess 
of affected females.8

Treatment: In general, if significant facial asymmetry exists, 
plastic surgical reconstructive procedures of the affected side 
are indicated to improve psychological adaptation and orthog-
nathic function. If significant asymmetry of limbs is present, 
pelvic tilt and scoliosis may be accompaniments. In those cases 
orthopedic intervention, including epiphysiodesis, is indicated 
to improve leg length outcome.2,3,5

For progressive hemifacial atrophy, the natural history 
suggests it is a limited disorder; therefore, treatment should 
not be implemented until the progression has ceased. Plastic 
and maxillofacial surgery can then be performed as needed. 
Subcutaneous silicone implantations or more extensive forms 
of plastic surgery have been used to augment areas of atrophy. 
Treatment of ocular and neurologic complications is indicated 
based on signs and symptoms.3 Of note, unlike hemihypertro-
phy, tumor formation is not related to undergrowth disorders.

Prognosis: The course and prognosis depends on the under-
lying diagnosis leading to undergrowth.
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Fig. 34.1.2 Seven-year-old boy with progressive hemifacial atrophy (Parry-Romberg syndrome). Note the sharp demarcation between the atrophic hyperpigmented 
areas and normal skin.
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34.2 hemihyPerPlAsiA/hemihyPertroPhy

Definition: Asymmetric overgrowth of one or more external body parts. The overgrowth may involve an entire half of the 
body, a single limb, one side of the face, or combinations thereof.

ICD9/ICD10: 759.89/Q87.2, Q87.3 Syndrome Associations (Appendix)
Beckwith-Wiedemann (H19, IGF2, CDKN1C, 
KCNQ1OT1, KCNQ1)
CHILD (NSDHL)
Fibrous dysplasia (GNAS1)
Klippel-Trenaunay-Weber
Lysosomal storage diseases
Maffucci
Marshall-Smith (NFIX)
Neurofibromatosis (NF1)
Nudleman
Ollier
Perlman (DIS3L2)
PIK3CA-related syndromes
Proteus (AKT1)
Simpson-Golabi-Behmel (GPC3)
Sotos (NSD1)
Weaver (EZH2)

Birth prevalence: 1/14,000–1/86,000

Associated anomalies: variable

Laboratory studies: gene sequencing, methylation 
analysis, genomic microarray

Prenatal diagnosis: ultrasonography, gene sequencing

Cause: sporadic, Mendelian (AR, AD, XL), mosaicism, 
imprinting

The process that has traditionally been termed hemihyper-
trophy is more correctly referred to as hemihyperplasia. The 
pathologic growth process leading to asymmetric overgrowth 
usually involves an abnormal proliferation of cells (hemihy-
perplasia) rather than an increase in size of existing cells with 
no increase in cell number (hemihypertrophy).1 A variety of 
malformation syndromes of varied etiology and pathogenesis 
have been included in an overall diagnosis of hemihyperplasia 
or hemihypertrophy.

Hemihyperplasia may be partial (e.g., involving the face, 
the tongue, or one or more limbs) or may involve an entire 
half of the body (Fig. 34.2.1).1 Rowe has proposed a classifi-
cation of hemihyperplasia according to anatomical site of 
involvement.2 Complex hemihyperplasia involves an entire 
half of the body, or at least one arm and one leg ipsilateral or 
contralateral to one another. Simple hyperplasia involves a 
single limb, and hemifacial hyperplasia involves one side of 
the face. Hemihyperplasia is congenital but may become more 
noticeable after birth or with puberty, and may become less 
pronounced with increasing age. It can be found on either 
side of the body but is more frequent on the right side than 
the left. Hemihyperplasia of the limb implies a discrepancy in 
length, circumference, or both, of the affected limb as com-
pared with the contralateral side. The affected hyperplastic 
body parts may appear swollen or edematous, and the skin 
may be thickened on the larger side. There may be differ-
ences in temperature and perspiration between the two sides.3 
Hemihyperplasia leading to discordance between limbs or  
part of limbs is easier to detect than proportional overgrowth.1 

The hemihyperplasia is usually apparent at birth or in the early 
months of life.

Asymmetry of the face (hemifacial hyperplasia) may be the 
only manifestation or may be a part of complex hemihyper-
plasia. Usually a bulging cheek is noticeable, and the lips of 
the involved side are enlarged, with lowering of the angle of 
the mouth on the same side. Nasal, external ear, and palpe-
bral fissure asymmetry may be striking. The tongue may be 
hyperplastic on the affected side, with sharp demarcation at 
the midline and enlargement of the fungiform papillae. The 
palate and alveolar ridges may be enlarged on the affected side. 
Enlargement of the maxilla and the mandible may contrib-
ute to a swollen appearance on the affected side of the face. 
Enlargement of the teeth and jaws may result in malocclusion.3

When limbs and/or digits are involved, overgrowth of long 
bones on the affected side can be demonstrated by radiography 
and has been demonstrated at autopsy. Scoliosis, chest asym-
metry, pelvic tilt, and limping are frequent symptoms and 
signs.3,4

Enlargement of abdominal organs may accompany hemi-
hyperplasia. Enlargement of one kidney, adrenal, testis, or 
ovary, or an isolated manifestation of overgrowth such as 
hyperinsulinism (pancreas) or embryonal tumor (liver) has 
been observed.3,5 Medullary sponge kidney has also been 
described in affected patients.6 Nervous system involvement 
may be present, including unilateral enlargement of peripheral 
nerves, sciatica, and intermittent attacks of pain and swelling.3 
Hemimegalencephaly may be part of the hemihyperplasia or 
the presenting feature.7
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Many disorders associated with asymmetric overgrowth 
and generalized overgrowth are associated with predisposi-
tion to neoplasia. Among these disorders are isolated con-
genital hemihyperplasia, Beckwith-Wiedemann, Sotos, 
Bannayan-Riley-Ruvulcaba, Weaver, and Proteus syndromes.1 
The nature of the risk of neoplasia in children with asymmetric 
overgrowth is critically dependent on a proper diagnosis hav-
ing been made, since the types of tumors and risks for their 
development may vary considerably depending on the under-
lying disorder.

In isolated congenital hemihyperplasia, the overall risk for 
tumor development has been found to be 5.9 percent.8 Among 

tumors described in these cases, tumors of embryonal origin 
predominate, such as Wilms tumor, hepatoblastoma, adrenal 
cell carcinoma, and leiomyosarcoma of the small bowel. The 
majority of these embryonal tumors were diagnosed before 
age six years.8 Tumor screening depends on the nature of the 
underlying disorder. Hemihyperplasia has been reported in 
3  percent of children with Wilms tumor. Conversely, Wilms 
tumor develops in 4 percent of children with hemihyperpla-
sia.1,8 In the absence of generalized macrosomia or associated 
anomalies such as cranial, renal, or abdominal anomalies such 
as omphalocele, prenatal diagnosis of hemihyperplasia is chal-
lenging but in some cases can be done via ultrasonographic 

Fig. 34.2.1 Hemihyperplasia of right lower limb associated with hemangioma as part of Klippel-Trenaunay-Weber syndrome (top left). Hemihyperplasia of right 
upper and lower limbs in a 6-month-old infant (top right) and of right lower limb only in a 3-year-old male (bottom right). Neither had other abnormalities. 
Hemihyperplasia of the left side of the face in an 11-year-old female with neurofibromatosis (bottom left). (Courtesy of Dr. Charles I. Scott, Jr., A. I. duPont 
Institute, Wilmington, Delaware.)
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evaluation. Postnatally, the diagnosis of hemihyperplasia is 
based on clinical observation and documentation of asym-
metric overgrowth. When hemihyperplasia is detected, careful 
clinical evaluation for subtle associated features may guide the 
diagnosis toward a known disorder. Palpation of muscle bulk 
differences, circumference surface measurements of the limb, 
and visualization of differential skin creases usually demon-
strate the size difference between the two sides. Measuring the 
limb circumference is often more useful in depicting the differ-
ence than measuring length between bony landmarks.

Diagnostic adjuncts include careful anthropometric 
measurements of face and limbs, scoliosis screening, X-rays 
of the cranium, spine, and long bones, ultrasonography of 
the abdominal viscera, and/or computed tomographic or 
magnetic resonance imaging of the cranium or abdomen. 
Ultrasound imaging of internal organs, particularly the kid-
neys, may demonstrate additional asymmetry and can be 
used as an additional measurement in cases where hemihy-
perplasia versus hemihypotrophy is unclear. It is also impor-
tant to assess for venous or lymphatic malformations causing 
edema without underlying hypertrophy of tissue mass. In 
cases of prematurity with prolonged early interventions 
requiring central access, it may be necessary to perform 
Doppler imaging by ultrasound to assess for normal venous 
architecture. Of most concern are central nervous system 
malformations or tumors, deep tissue vascular malforma-
tions, renal malformations, and intraabdominal malignan-
cies. Molecular evaluation needs to consider mosaicism for 
known disorders, and testing affected and unaffected tissue 
can be useful. Postzygotic mosaic genetic and/or epigenetic 
changes have been speculated as causes of hemihyperpla-
sia, with the additional factor that certain genetic/epigen-
etic changes have a different effect on different tissues. In 
Beckwith-Wiedemann syndrome, genetic dysregulation on 
11p15 leads to overgrowth affecting muscle, liver, kidney, 
and pancreatic tissue more readily. Alternatively, in Proteus 
syndrome, mutations in AKT1 have been found in affected 
overgrown tissues but not in adjacent normally grown 
tissues.9

Isolated congenital hemihyperplasia is a diagnosis of exclu-
sion. A  careful history, physical examination, and/or appro-
priate diagnostic imaging studies will serve to differentiate 
isolated congenital hemihyperplasia from the malformation 
syndromes associated with asymmetric overgrowth. This dif-
ferentiation is essential for the accurate counseling of families 
regarding prognosis, treatment, complications, and recurrence 
risks with future pregnancies.

The pathogenesis of hemihyperplasia is unknown. In 
syndromes with generalized overgrowth, it has been hypoth-
esized that the time for cells to complete a cell cycle is 
decreased, thereby leading to prenatal embryonic and fetal 
cellular hyperplasia. This has been documented in a striking 
disorder of prenatal onset overgrowth, Elejalde syndrome 
(acrocephalopolydactylous dysplasia).1 In that disorder, cells 
cultured in vitro have been shown to complete a cell cycle 
in 63  percent of the time usually observed.1 Another pos-
sibility is that patients with isolated hemihyperplasia may 
represent somatic mosaicism for an epigenetic or single 

gene disorder that results in overgrowth syndromes.10 In 
this circumstance, a phenotypic spectrum ranging from 
complete overgrowth and additional features, as in the 
case of Beckwith-Wiedemann syndrome, to isolated hemi-
hyperplasia may correlate with the degree of mosaicism 
for abnormalities of the Beckwith-Wiedemann syndrome 
critical region. Mosaicism detection is an evolving field, 
and recently SNP arrays have been shown to detect mosaic 
Beckwith-Wiedemann syndrome in affected body regions.11 
Next-generation sequencing was used to detect mosaic muta-
tions as demonstrated in Proteus syndrome.9

It has been estimated that hemihyperplasia occurs with a 
frequency of 1:14,300 live births followed to age six years as 
reported by the Registry of Malformations in Birmingham, 
England.4 These data include isolated hemihyperplasia as well 
as those multiple malformation syndromes associated with 
asymmetric overgrowth. Isolated congenital hemihyperplasia 
has been estimated to occur with a frequency of 1:86,000 live 
births.6 Isolated hemihyperplasia also reflects a sex differen-
tial, with females twice as often affected compared to males.8 
Familial cases are rare.

Treatment: Treatment must be directed toward the nature 
and region of hemihyperplasia and toward other complica-
tions. In cases where hemihyperplasia does not interfer with 
function, no intervention may be needed. In more severe 
cases, orthopedic evaluation is necessary and initial steps may 
include shoe inserts to prevent scoliosis. In the cases of major 
differences in limbs, epiphysiodesis of the longer limb may be 
used to equalize limb length. Affected children should receive 
careful orthopedic examination and scoliosis screening every 
six months. Medullary sponge kidney and other genitourinary 
defects may impair renal function.3,6 Examinations of the uri-
nary tract should be performed at the discretion of the clini-
cian on a case by case basis.

In contrast, hemihypertrophy associated with vascular 
anomalies such as nevi, hemangiomas, and lipomatous infil-
tration show progressively disparate growth and pose greater 
difficulties in treatment. Surgery for debulking has been used, 
but results are variable based on the region and extent of 
involved tissue. Ligation and laser ablation of angiomas and 
fistulas have been successful in some circumstances.

Prognosis: Children with isolated congenital hemihyper-
plasia may be expected to have an average life span. However, 
serious associated anomalies such as renal defects, hamarto-
mas, and neoplasia can modify prognosis for long-term sur-
vival.3 Developmental abnormalities and intellectual disability 
may occur in individuals with hemimegalencephaly accom-
panying hemihyperplasia.7 Limb asymmetry can affect mobil-
ity and motor function. Orthopedic surgical procedures can 
modify attendant disabilities from bony overgrowth.4 In iso-
lated hemihyperplasia and hemihyperplasia associated with 
Beckwith-Wiedemann syndrome, the growth disparity usually 
remains static during childhood.

Most Wilms tumors are diagnosed prior to age seven years; 
therefore, tumor screening is recommended with abdomi-
nal ultrasounds every three months until age eight years. 
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Hepatoblastomas are typically diagnosed before age three 
years, and therefore alpha fetoprotein levels are monitored 
every six to 12 weeks until age four years.12 Embryonal tumors 
identified after puberty are exceedingly rare. If a tumor is dis-
covered during periodic screening, appropriate surgical and/
or chemotherapeutic intervention must be taken. The progno-
sis in children in whom tumors have been discovered is depen-
dent on the nature of the tumor; many embryonal tumors have 
an excellent prognosis with aggressive and timely treatment.
The exact prognosis for children with asymmetric overgrowth 
depends on the underlying diagnosis.
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34.3 GenerAlized overGrowth

Definition: Global excessive growth compared to the age-related peers. The overgrowth is symmetric with weight and/or 
height greater than the 97th percentile.

ICD9/ICD10: 759.89/Q87.3 Syndrome Associations (Appendix)
Beckwith-Wiedemann (H19, IGF2, CDKN1C, 
KCNQ1OT1, KCNQ1)
Bannayan-Riley-Ruvalcaba (PTEN)
Fibrous dysplasia (GNAS1)
Klippel-Trenaunay-Weber
Lysosomal storage diseases
Maffucci
Marshall-Smith (NFIX)
Neurofibromatosis (NF1)
Perlman (DIS3L2)
PI3KCA-related syndromes
Proteus (AKT1)
Simpson-Golabi-Behmel (GPC3)
Sotos (NSD1)
Weaver (EZH2)
Congenital hyperinsulinism (ABCC8, KCNJ11)
Maternal diabetes mellitus

Birth prevalence: 1/20–1/50

Associated anomalies: vascular malformations, 
developmental delay

Laboratory studies: radiographs, ultrasounds

Prenatal diagnosis: ultrasonography, gene sequencing, 
methylation, SNP array

Cause: sporadic, Mendelian (AR, AD, XL), mosaicism, 
epigenetic alteration

Normal variants of excessive growth may present prenatally 
or postnatally. About 5 percent of all newborns weigh greater 
than 4,000 grams at birth.1 Although this degree of macro-
somia may be an accompaniment of the effects of maternal 
diabetes or neonatal hyperinsulinism, in many instances it rep-
resents normal variation (Fig. 34.3.1). Nondiabetic fetal mac-
rosomia is associated with several predisposing factors: family 
history of fetal macrosomia, excessive prepregnancy maternal 
weight (obese women have macrosomic infants four times 

more frequently than do underweight women), maternal mul-
tiparous state, male fetal sex, and higher socioeconomic sta-
tus of the mother.1,2 Normal variants of growth excess include 
familial tall stature and familial rapid maturation.

Pathologic overgrowth may be of prenatal or postnatal 
onset. Prenatal onset overgrowth may result from an increased 
number of cells (intrinsic cellular hyperplasia), hypertrophy 
of the normal number of fetal cells, an increase in interstitial 
spaces, or a combination of the above. A number of multiple 
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malformation syndromes associated with prenatal onset pri-
mary growth excess have been described. These pathologic 
syndromes share several characteristics:  the overgrowth is 
present at birth, persisting into postnatal life; excessive growth 
affects weight as well as length; the overgrowth is associated 
with multiple characteristic anomalies; mental deficiency 
may be present; and a neoplastic predisposition is frequently 
noted.1,3

Secondary overgrowth with prenatal onset can occur in 
maternal diabetes or congenital hyperinsulinism.1 In both 
cases, fetal hyperinsulinism leads to fetal overgrowth. In 
maternal diabetes, maternal hyperglycemia leads to increased 

fetal pancreatic function, and fetal hyperinsulinism and over-
growth.1 The cellular components comprising the overgrowth 
in diabetic macrosomia include adipose tissue as well as non-
adipose cellular constituents. Inspection of organs in affected 
infants reveals an increased number of cellular nuclei, suggest-
ing increased protein synthesis.4,5 Postnatal growth excess is 
usually secondary to disorders of androgen or estrogen pro-
duction, which are beyond the scope of this entry. Obesity can 
be considered a form of postnatal overgrowth due to excess 
caloric intake or as a component of a genetic syndrome, 
although those cases are typically accompanied by short 
stature.

A careful history and physical exam with an eye toward the 
clinical characteristics of each disorder will often lead to the 
diagnosis. Growth patterns in the family history are important, 
and bone age determination and skeletal surveys can be help-
ful. Molecular testing with specific gene sequencing, methyla-
tion detection for imprinted disorders, and SNP array analysis 
can be performed based on the suspected disorder. It is impor-
tant to note that a growing number of overgrowth disorders 
are being found to be mosaic, so testing in multiple tissues as 
available can be useful. Generalized growth excess may rep-
resent a variation of normal or pathologic processes. A  flow 
chart approach to the diagnosis of growth excess is depicted 
in Figure 34.3.2.

A serious complication of many primary overgrowth dis-
orders of prenatal onset is a predisposition to neoplasia. Three 
disorders associated with overgrowth have well documented 
associations with neoplastic potential: Beckwith-Wiedemann 
syndrome, hemihyperplasia (hemihypertrophy), and Sotos 
syndrome (Figs. 34.3.3, 34.3.4, ) In hemihyperplasia, patients 
have asymmetric rather than generalized overgrowth. In 
Beckwith-Wiedemann syndrome, affected individuals have 
generalized overgrowth but in addition may have elements 
of asymmetric overgrowth. The malignant tumors observed 

Fig. 34.3.1 Symmetrical overgrowth in infant of mother with diabetes mellitus.

Fig. 34.3.2 A diagnostic approach to generalized overgrowth. (Adapted from Cohen.1)
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in all three of these syndromes are similar and are thought 
to be of embryonal origin. Tumors of the kidney and liver 
occur in all three conditions; adrenal neoplasms are found 
in Beckwith-Wiedemann syndrome and hemihyperplasia. In 
overgrowth syndromes, the normally increased mitotic activ-
ity of prenatal life is increased even further. Cells in such indi-
viduals are theoretically more vulnerable to structural changes 
in DNA, disrupted transcription to RNA, and altered transla-
tion into protein-enzyme synthesis during mitotic activity. The 
increased mitotic activity may lead to production of clones 
of altered cells, contributing to neoplasms.1 Additionally, 
some tumors may be explained by the “two-hit hypothesis.” 

For example, in Sotos syndrome, haploinsufficiency for the 
NSD1 gene has been found to be causative in most cases.6 
NSD1 presumably functions as a tumor suppressor gene regu-
lating components involved in cellular maturation and divi-
sion. Haploinsufficiency leads to decreased regulation of cell 
growth. Subsequently, loss of the normal allele postzygotically 
would account for tumor formation. Previous studies have 
documented an association between increased body size and 
the development of neoplasms. Children with Wilms tumor 
and infants with leukemia have both been observed to have 
increased birth weight in comparison to controls.7,8 Fraumeni 
has documented that osteosarcoma tends to arise in bones that 

Fig. 34.3.3 Features of the Beckwith-Wiedemann syndrome, including macroglossia, ear creases, and omphalocele. (Courtesy of Dr. Charles I. Scott, Jr.,  
A.I. DuPont Institute, Wilmington, Delaware.)

Fig. 34.3.4 Generalized overgrowth in an infant with Sotos syndrome.
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grow rapidly and produce taller individuals.9 Some overgrowth 
syndromes of prenatal onset have not been associated with 
neoplasia. This may be accounted for by the fact that many of 
these disorders are very rare; thus, insufficient data may exist 
to rule out malignant predisposition.

Treatment: Treatment should be directed toward the compli-
cations of overgrowth, specifically considering vascular over-
growth. For many of the primary overgrowth disorders with 
prenatal onset, tumor predisposition is a significant risk, par-
ticularly for embryonal tumors. In all disorders of overgrowth 
associated with neoplasms, periodic screening to rule out 
tumor development is indicated. The greatest risks for tumor 
development are in early life, the majority being diagnosed 
before age six years.10 Such scans should be accompanied by 
regular medical examination on at least a biannual basis dur-
ing the period of greatest tumor incidence, followed by annual 
evaluations after age six years. Screening recommendations 
vary between disorders. The most well-established screening 
protocol is that used for Beckwith-Wiedemann syndrome, 
which recommends alpha fetoprotein levels every six to 12 
weeks until age four years and abdominal ultrasounds every 
three months until age eight years.11 Standard screening proto-
cols beyond 8 years have not been established.

Prognosis: The prognosis for overgrowth associated with 
normal variation is excellent. The prognosis and treatment of 
pathologic states accompanying prenatal onset overgrowth is 
dependent on the nature of the underlying condition. Genetic 
evaluation and counseling are indicated in all cases.
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35 | TWINS

JUDITH G. HALL

inTRODUCTiOn

Twins and other multiple births have been of great interest 
to every society in every age. Such births have been accom-
panied by suspicion or delight, and have been the source of 
many legends and myths. Omens related to twin births were 
recorded in the Cuneiform tablets from the first millen-
nium bc and depicted in artwork many centuries older (Fig. 
35.I.1).1-3 In some areas twins were welcomed and considered 
a sign of fertility and good luck. In other communities twins 
were believed to represent a lack of faithfulness or a sign of 
bad luck, resulting in the banishment or killing of the mother 
and the twins. Since multiple births are frequent in animals, 
a twin human birth has been considered degrading by some 
societies.

The existence of two classes of twins was first recognized 
by Matthew Duncan, a Scottish obstetrician in the mid-1800s.4 
Not long thereafter, Sir Francis Galton suggested that twins 
could be used to study the complex interaction of environmen-
tal and genetic factors.5 The use of twins in genetic analysis of 

complex disorders is based on the difference in origin and the 
degree of genetic similarity between monozygotic (MZ) and 
dizygotic (DZ) twins.6-8

More recently, twins have been recognized to provide 
insight into early human embryogenesis. The molecular 
study of discordant MZ twins has identified several types of 
genetic alteration that also occur in normal singleton develop-
ment (somatic mosaicism, aneuploidy, mutations, epigenetic 
alterations, imprinting disturbances, transpositions, etc.).7,9,10 
Alterations in vascular flow to the developing embryos/fetuses 
are often recognized when there is discordance of growth 
in MZ twins.9,11 The frequency of loss of one twin (“vanish-
ing twin”) is hard to estimate, but this leaves the remaining 
individual altered by changes that have occurred in maternal 
physiology related to twinning and to the mechanisms at work 
during fetal plasticity.12

Monozygotic twins arise from a single fertilized ovum 
and thus are believed to be alike for all of their genetically 
determined characteristics. However, many opportunities for 
genetic and epigenetic discordance between MZ twins arise 

A B C

Fig. 35.I.1 A: Clay tablet (K2007) from the Royal Library of Ninevah lists 62 human malformations and their interpretations. B: White marble figure of conjoined 
goddesses dated about 6500 BC from a shrine at the Catal Hüyük site in Anatolia (Turkey). C: Engraving of dicephalic conjoined twin on a rock platform near 
Berowra Waters on the outskirts of Sydney, Australia. Although this figure has not been dated accurately, it is assumed to be 4000-5000 years old. Note the 
presence of six digits on the right hand and four digits on the left hand. Courtesy of the Medical Journal of Australia, copyright 1943.
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during development.7,9 Dizygotic twins originate from two 
independently fertilized ova and are considered to be no more 
alike genetically than any pair of siblings. Classical twin stud-
ies exploited the genetic distinction between MZ and DZ twins 
assuming that differences observed within a MZ twin pair 
were attributable to environmental influences, whereas differ-
ences within a DZ pair were due to both genetic and environ-
mental factors. Recent studies make it clear that MZ twins are 
not entirely identical genetically, although certainly more alike 
genetically than singleton siblings.13-15 However, it has become 
clear that all twins have an increase of microchimerism when 
compared to singletons (both from the mother and from each 
other).16

Nevertheless, determining zygosity is not always straight-
forward (Table 35.I.1). But correctly determining zygosity is 
not only important for twin studies (from which a great deal 
has been and will be learned), but zygosity also has long-term 
ramifications in terms of predicting long-term health and the 
potential for transplantation between twins.8,9,11

With advances in the recognition of the developmental 
origins of health and disease and transgenerational influences, 
there is a growing need for carefully defining zygosity, chorion-
icity, intrauterine blood flow, microchimerism, and placental 
size and shape in twins both in utero and at birth. The changes 
that have already been observed suggest that even more can 
be learned from twin studies about early human development. 
The implications for the survivors of a lost twin, the ultimate 
outcomes related to assisted reproductive technologies, and the 
effects of prematurity seen in twins are yet to be fully defined.

The first step in determining zygosity is usually using ultra-
sound prenatally to examine the placenta and membranes. 
Next is determining sex/gender at birth if not already estab-
lished in utero. In the past, the Weinberg method was used 
to estimate the numbers of dizygotic and monozygotic pairs 
in the population.9,10 Now, however, it is quite clear that there 
are more like-sexed dizygotic twins than would have been 
expected, and there are pairs of monozygotic twins that have 
different genders.9 Thus, the next step in establishing zygos-
ity is to take cord blood for DNA studies, and DNA from the 
cord itself and/or a buccal smear. Because of intrauterine vas-
cular connections all twins, both monozygotic and dizygotic, 
will be microchimeric, and occasionally dizygotic twins will 
have their entire bone marrow and blood supply taken over 
by one of the twins, which may imply that they are monozy-
gotic if only blood is studied.16-18 Third is examination of the 

placenta(s) and their membranes. As seen in Figure 35.I.2, 
when MZ twins have a single placenta, monoamniotic placen-
tation needs to be distinguished from diamniotic placentation, 
and DZ twins can have fused placenta (distinguishable micro-
scopically and by the membranes).19

Since DZ twins may be chimeric in their blood, fibroblast 
DNA and buccal cell DNA for SNPs, VNTRs, and even for 
exome testing has become the standard for distinguishing MZ 
from DZ twins.

A number of malformations have been reported in 
twins (Table 35.I.2, Fig. 35.I.3). They may affect one or both 
twins, and the relationship with twinning is usually obscure. 
Disruptions also occur, often related to compromise of vascu-
lar integrity of one or both twins. Deformations in twins are 

TABLE 35.I .1  methods for Determination of Zygosity of Twins

Prenatal examination of placenta and membranes with ultrasound

Gender differences

Examination of placenta and membranes at birth

Cord blood for DNA analysis

Cord tissue for DNA analysis

Buccal cells for DNA analysis

A

B

Fig. 35.I.2 A: Monochorionic diamniotic placentation is observed when the 
monozygotic twinning event occurs between 4 and 8 days post fertilization. 
B: Monochorionic monoamniotic placentation is observed when twinning 
occurs after 8 days post fertilization. The twin fetuses are contained within the 
same amniotic cavity.
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usually related to compression because of the space limitations 
of the uterus.

Pregnancies of DZ and MZ twins are complicated by 
decreased fetal growth starting at 30 weeks as compared to a 
singleton (Fig. 35.I.4). There are also major changes in mater-
nal physiology in twin pregnancies (Table 35.I.3), and healthy 
twins usually deliver at around 38 weeks of gestation, not 
infrequently because of induced labor or by cesarean section 
if the twins are in abnormal positions. Because of prematurity, 
twins are at increased risk for abnormal neurologic outcome 
and problems associated with intrauterine growth restriction. 
There may also be influences that can later be noted in adult 
health and disease.
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TABLE 35.I .2  structural anomalies that Occur in Twins

malfORmaTiOns DisRUPTiOns DefORmaTiOns

Anal atresia Acardia Bowing of limbs

Anencephaly and other 
neural tube defects

Amyoplasia (secondary 
to vascular compromise)

Clubfoot

Asplenia, situs inversus Appendix atresia Contractures

Exstrophy of the cloaca Bilateral anorchia Craniosynostosis

Holoprosencephaly Cerebellar necrosis Dislocated hips

Renal agenesis Colon atresia Head molding

Sacrococcygeal teratoma Cutis aplasia

Sirenomelia Disseminated 
intravascular coagulation

TE fistula Gastroschisis

Unique to twinning 
process

Hemifacial microsomia

Conjoined twinning Horseshoe kidney

Fetus in fetu Hydranencephaly

VACTERL association Hydrocephaly

Intestinal atresia

Microcephaly

Multicystic 
encephalomalacia

Porencephalic cyst

Renal agenesis

Renal cortical necrosis

Spinal cord transection

Splenogonadal fusion

Terminal transverse limb 
defects

Twin-to-twin transfusion

Fig. 35.I.3 Infant with sirenomelia (top) and normal monozygous twin (bottom). 
(Courtesy of Dr. H. G. Kohler, Leeds, England.)
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Fig. 35.I.4 Growth curve showing mean weights of infants from single and multiple pregnancies by gestational age. (From McKeown and Record: J Endocrinol 
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TABLE 35.I .3  Changes in maternal Physiology and metabolism 

in Twin Pregnancies

1. Lower hematocrit (35.5 vs. 37.0)

2. Cardiac output—18 percent more than with singleton

3. Gestational diabetes mellitus—5.6 percent vs. 2.5 percent

4. hCG—2.5 times higher than singleton

5. Progesterone, estradiol B, glycoprotein, increased α-fetoprotein

6. 20 percent increase in tidal volume and O2 consumption

7. Increased weight gain—14.6 kg vs. 11.1 kg



T w i n s  |  899

35.1 DiZYGOTiC Twins

(Fraternal Twins, Dissimilar Twins, Biovular Twins, DZ Twins)

Definition: Two offspring produced in the same pregnancy developing from two eggs, each fertilized by a separate sperm.

ICD9/ICD10: 651.0/030.0 Syndrome Associations (Appendix)
None

Birth prevalence: varies from country to country: 1/5,000 
in Japan, 1/200 in Nigeria, approximately 1/100 in North 
America. Recently the prevalence has increased to 
between 1/30 and 1/34 infants, related to the increased 
utilization of assisted reproductive technologies that place 
more than one zygote in the uterus

Associated anomalies: primarily deformations secondary 
to space limitations in the third trimester

Laboratory studies: examination of placenta and 
membranes, molecular testing of cord blood and cord 
tissue for zygosity

Prenatal diagnosis: ultrasonography as early as the first 
trimester; ultrasonography of membranes and placenta 
may identify the presence of two separate placentas, 
gender can usually be established

Cause: ovulation of more than one ova, which are each 
fertilized by separate sperm, produce dizygotic twins

Three types of dizygotic twinning events are recognized.1-3 
The process whereby dizygotic twins arise from two inde-
pendently developing zygotes is called superfecundation. 
Superfecundation occurs when more than one egg is fertilized 
in one or more acts of coitus during one or more ovarian cycles 
(there may be more than one father responsible). This poly-
ovulation results in the type of multiple births normally seen 
in animals. Superfetation occurs when there is implantation of 
a second fertilized egg in the uterus already containing a preg-
nancy of at least one month duration. Superfetation dizygotic 
twins usually demonstrate markedly discordant size and devel-
opment related to different gestational ages. Superfetation has 
been reported to occur more often in women with uterine 
structural abnormalities. Half-identical or semi-identical dizy-
gotic twins may occur when an oocyte and a polar body are 
fertilized or when an ova splits into two identical copies and 
the nucleus and the polar body are each fertilized by different 
sperm. This type of dizygotic twin is unlikely to survive.

Ultrasound studies of the corpus lutea will identify the 
release of two separate ova. Half the time in dizygotic twin 
pregnancies the two corpus lutea will be on one side, and half 
the time on the two different sides. Dizygotic twins are associ-
ated with older maternal age, tall stature, increased body mass, 
good nutrition, maternal use of dairy products, increased 
gonadotropins, fertility drugs, and assisted reproductive tech-
nologies where more than one fertilized egg is reintroduced 
into the uterus. The occurrence also increases close to the 
equator.

There has been a marked increase in dizygotic twinning 
in developed countries over the last two decades because of 
the use of assisted reproductive technologies (ARTs) in which 
more than one fertilized egg is placed in the uterus.4,5 Rarely 
with ARTs, implantation of the two zygotes is so close that 
only one placenta is formed (monochorionic diamniotic).6 The 
increase of presumed monozygotic (MZ) twins in ARTs may 
be partially related to the presence of monochorionic diam-
niotic DZ twins, since in the past, MC, DA membranes have 
been assumed to be MZ twins.

Most animals are polyovulatory and have one or more 
zygotes with separate placentas developing simultaneously. In 
cows, when male and female dizygotic twins develop together 
the female may be masculinized. However, this is not believed 
to occur in humans with DZ twins of two different genders.7,8 
There are actually more like-sexed dizygotic twins than would 
be expected by Hardy-Weinberg calculations.9 The reason for 
this is unclear.

Dizygotic twins are always microchimeric, receiving stem 
cells both from their mother and from each other. These har-
bored stem cells make the DZ twin a better source for trans-
plantation than a usual sibling.

Dizygotic twinning is believed to have a genetic basis with 
a single gene that is inherited in 7 percent to 15 percent of the 
population and most likely increases fertility. The prognosis 
for dizygotic twins is excellent. A great deal has been written 
about the psychological aspects of being a twin, preferred rear-
ing, schooling, and family dynamics.10
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35.2 VanisHinG Twin

(Fetal Resorption)

Definition: An embryo/fetus conceived as part of a multiple pregnancy that dies in utero and then is partially or completely 
resorbed. Complete resorption usually occurs in the first trimester (see also Fetus Papyraceus, Entry 35.3).

ICD9/ICD10: 651.33/O31.2 Syndrome Associations (Appendix)
None

Birth prevalence: may occur in as many as 20% of 
pregnancies

Associated anomalies: surviving twin may be at increased 
risk for structural anomalies

Laboratory studies: placenta examination

Prenatal diagnosis: possible by ultrasonography 
identification of two amniotic sacs before 12 weeks 
gestation

Cause: unclear, probably multiple causes for early death of 
the twin that vanishes

As many as 20  percent of all pregnancies start as twins but 
have a loss of one twin that is resorbed.1 Most such concep-
tions are believed to die in the first trimester.2-4 Since most 
vanishing twins are monozygotic, it seems likely that the early 
twin death is related to malformations or vascular compro-
mise (Fig. 35.2.1).

Examination of the surviving twin for congenital anoma-
lies is appropriate.5 The placenta should be evaluated as well, 
particularly for evidence of vascular abnormality. The occur-
rence of a vanishing twin does not seem to increase the risk 
of pregnancy loss or congenital anomalies in subsequent 
pregnancies.

Fig. 35.2.1 Vanishing twin. Left: Ultrasound at 10 weeks of gestation showing gestational sac containing a fetus (F) and a second sac with no fetus (O). 
Right: Diagram of the ultrasound showing the two gestational sacs.
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35.3 feTUs PaPYRaCeUs

(Incompletely Resorbed Dead Twin)

Definition: Mummified fetal tissue found on the placenta or in an amniotic sac at the birth of the co-twin.

ICD9/ICD10: 651.33/O31.2 Syndrome Associations (Appendix)
None

Birth prevalence: unknown; death of one twin in the first 
trimester usually results in a vanishing twin, death in the 
second or third trimester results in fetus papyraceus

Associated anomalies: usually only skeletal 
malformations can be determined in fetus papyraceus, the 
soft tissues being mummified or degenerated, preventing 
adequate evaluation

Laboratory studies: radiographs, autopsy

Prenatal diagnosis: ultrasonography may identify the 
papyraceus twin in some instances

Cause: uncertain, possibly vascular

A twin fetus that dies during the second or third trimes-
ter may not resorb completely but instead become mummi-
fied (Fig. 35.3.1). This fetal material is generally flattened 
by pressure from the living co-twin and is usually found on 
the placenta.1,2 A  cause for the fetal death is rarely found. 
However, it appears that most are monozygous twins, mak-
ing a vascular cause plausible. The exact prevalence is not 
known, although most twins that are recognized in the first 
trimester do not come to term.3 Those who die during the 
first trimester are usually completely resorbed. It appears 
that if a twin dies in the second or third trimester, it is usu-
ally born as a fetus papyraceus attached to the placenta of 
the living twin.1,2

There appears to be no increased risk for recurrence or 
of other problems in subsequent pregnancies. Examination 
of the surviving twin is important, since that surviving twin 
may have also suffered vascular compromise at the time of the 
death of the papyraceus twin.3,4
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Fig. 35.3.1 Fetus papyraceus in one of like-sex monozygous twins. The  
larger twin survived to 23 weeks gestation and imposed a mild degree  
of compression on the smaller twin, who died at 11 weeks gestation  
based on morphometry. When one twin survives to term gestation, the  
remains of the smaller twin are often flattened and the tissues mummified, 
hence the term papyraceus. (Courtesy of Dr. Will Blackburn and Nelson  
Reede Cooley, Jr.)
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35.4 mOnOZYGOTiC Twins

(Identical Twins, MZ Twins)

Definition: Two offspring produced in the same pregnancy developing from one egg, fertilized by one sperm, but developing 
into two, usually separate, individuals.

ICD9/ICD10: V91/O30.03 Syndrome Associations (Appendix)
None

Birth prevalence: 1/350 births (1/175 infants); increased 
following assisted reproductive technologies

Associated anomalies: Structural anomalies are increased 
twofold in MZ twins. In addition, certain other anomalies 
are seen exclusively in twin pregnancies: vanishing twin, 
fetus papyraceus, conjoined twins, acardiac twin, mirror 
image twins, twin-twin transfusion. The exact frequency is 
unknown since many abort spontaneously.

Laboratory studies: examination of placenta and membranes

Prenatal diagnosis: ultrasonography usually recognizes 
twin pregnancy and should identify the number of 
placentas and possibly membranes. Gender can usually be 
established as well.

Cause: uncertain

A
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Embryo

Embryo

Embryo

Yolk sac

Yolk sac

Yolk sac

Amniotic
cavity

Amniotic
cavity
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Inner cell
cell mass

Two-cell
embryo

Chorionic cavity

Fig. 35.4.1 Three types of monozygotic placenta and membranes. A=dichorionic diamniotic pregnancy; B=monochorionic pregnancy; C=monochorionic 
monoamniotic pregnancy. From Hall, 2003.1
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TABLE 35.4.1  subtypes of mZ Twins according to Placentation 

Chorionicity

TYPe Of mZ Twin

Time Of DiVisiOn 

feRTiliZaTiOn

% Of Twin 

PReGnanCies 

sURViVinG TO BiRTH

Dichorionic diamniotic 3 days 25%–35%

Monochorionic 
diamniotic

4 to 8 days 70%–75%

Monochorionic 
monoamniotic

up to 14 days  1%–2%

TABLE 35.4.2  mZ Twinning Reported to Have Discordance

Acardiac

Adrenal hyperplasia

Adrenoleukodystrophy

Aging

Aglossia-adactylia

Aicardi syndrome

Alagille syndrome

Alport syndrome

Alzheimer disease

Amniotic bands

Amyoplasia

Amyotrophic lateral sclerosis

Anopthalmia - esophageal atresia

Anorchia

Asplenia

Asthma

Attention deficit disorder

Autism

Basal cell carcinoma

Beckwith–Wiedemann syndrome

Behçet’s syndrome

Biliary atresia

Bladder extrophy

Body mass index/Overweight

Body stalk anomaly

Breast cancer

Caudal dysplasia

Fibular aplasia

Fragile X syndrome

Frijns syndrome

Frontonasal dysplasia

G syndrome

Gaucher disease

Genital anomalies

Gerstmann–Sträussler–Scheinker disease

Goldenhar syndrome

Gonadal dysgenesis

Growth hormone deficiency

Hair whorls

Handedness

Hemihypertrophy

Hemophilia A

Hemophilia B

Hirschsprung disease

Holoprosencephaly

Humeroradial synostosis

Hunter disease

Huntington disease

Hydranencephaly

Hypertrophic cardiomyopathy

Hypophosphatemic rickets

Hypothyroidism

Infantile spasms

Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)

Parkinson disease

Perisylvian syndrome

Polydactyly

Port wine stain

Primary biliary cirrhosis

Primary ciliary dyskinesis

Primary lateral sclerosis

Progressive aphasia

Proteus syndrome

Pyloric stenosis

Renal agenesis

Retinitis pigmentosa

Rett syndrome

Rhabdoid tumor

Rheumatoid arthritis

Rubinstein–Taybi syndrome

Russell–Silver syndrome

Say syndrome

Sex

Schimmelpenning–Feuerstein–Mims 
syndrome

Schizophrenia/bipolar disorder

Scheuermann disease

SCID

Scleroderma

Seizures

Sickle cell anemia

Sirenomelia

(Continued)

Although monozygosity of twins may be presumed at birth on 
the basis of concordance of sex and physical features, certainty 
requires examination of the placenta(s) and DNA testing of 
cord blood and solid tissues.

Monozygotic twins may have separate placentas 
(~25  percent), a monochorionic diamniotic placenta 
(~70 percent), or a monochorionic monoamniotic placenta 
(1–2 percent) (Fig. 35.4.1).The different placentations reflect 
the series of abnormal events during which a single zygote 
divides, giving rise to two (or more) embryos. A great deal 
of controversy is present about how, why, and when this 
happens.1,2



Cavum septum pellucidum

Cerebral hemisphere

Cerebral palsy

Choanal atresia

Chromosome deletions 7q, 8p, 11p, 19, 22q

Chromosome duplications 4q, 11p, 15

Chronic fatigue syndrome

Chronic periodontitis

Cleft lip ± cleft palate

Cloverleaf skull

Coeliac disease

Color blindness

Congenital heart block

Congenital heart disease

Congenital hypothyroidism

Copy number variation

Cornelia de Lange syndrome

Corpus callosum

Costello syndrome

Crouzen syndrome

Cutaneous mastocytosis

Cutis laxa

Cystic fibrosis

Cystitis

Darrier’s disease

Developmental coordination disorder

Diabetes

Dravet syndrome

Duane’s retraction syndrome

Duchenne muscular dystrophy

Endocardial fibroelastosis

Epilepsy

Fabry disease

Facioscapulohumeral muscular dystrophy

Factor IX deficiency

Familial amyloid polyneuropathy

Intellectual disability

Joint mobility

Joubert syndrome

Kabuki syndrome

Kallmann syndrome

Keans Saayre syndrome

Keratocon

Kleeblattschädel anomaly

Klippel-Feil syndrome

Klippel-Trenaunay syndrome

Landau-Kleffner syndrome

Langerhans histocytosis

Leopard syndrome

Lesch Nyhan syndrome

Leukemia

Lebers opular atrophy

Lipodystrophy

Lymphedema-distichiasis syndrome

Rokitansky Kuster syndrome

McCune–Albright syndrome

Macular degeneration

Megacystis–microcolon–intestinal hypoperistalsis syndrome

Migraines

Multiple sclerosis

Myasthenia gravis

Neural tube defects

Neuroblastoma

Neurofibromatosis 1

Neurofibromatosis 2

Oculocicatricial permphigoid

Oculo–oto–radial syndrome

Otopalatodigital syndrome

Orofaciodigital syndrome

Pai syndrome

Skeletal dysplasia

Sotos syndrome

Spinocerebellar ataxia

Spondylocostal dysostosis

Strabismus

Sudden infant death syndrome

Suicide

Symbrachydactyly

Synesthesia

Systemic sclerosis

Teratoma

Testicular cancer

Thanatrophic dysplasia

Thyroid dysgenesis

Tibial hemimelia with ectrodactyly

Torsion dystonia

Tricho-rhino-phalangeal syndrome

Toxoplasmosis infection

Trisomy 1

Trisomy 13 (Patua syndrome)

Trisomy 18 (Edward syndrome)

Trisomy 21 (Down syndrome)

Tuberous sclerosis

Turner syndrome

Urinary tract anomalies

Vaginal dysgenesis

van der Woude syndrome

VATER association

Vitiligo

von Hippel–Lindau syndrome

WAGR

Williams syndrome

Wilson disease

After Painter J, Medland SJ, Montgomery GW, Hall JG: Twins and Twinning. In: Emery and Rimoin’s Principles and Practice of Medical Genetics, 6th edition. DL Rimoin, RE Pyeritz, BR Korf eds. Churchill Livingstone, New York, 

2013, p. 1.; Zwijnenburg PJ, Meijers-Heijboer H, Boomsma DI: Identical but not the same:the value of discordant monozygotic twins in genetic research. Am J Med Genet B Neuropsychiatr Genet 153B:1134, 2010.

TABLE 35.4.2  Continued
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Animal models are of little use, since monozygotic twin-
ning seems to be uniquely human. It is not clear that the time 
frame for twin development is the same as for singletons, but 
the origin of the three subtypes of placenta is postulated as in 
Table 35.4.1. As many as 10 percent of monozygotic twins may 
be discordant with regard to growth and congenital anomalies 
(Table 35.4.2).

The exact frequency of associated anomalies is unknown. 
The anomalies include malformations related to the twin-
ning process, vascular compromise (disruptions), and lim-
ited space and increasing compression in the third trimester 
(deformations) (Table 35.4.3). The rate of monozygous 
twinning appears increased following assisted reproductive 
technologies.4

The etiology of monozygotic twinning is not known. Rarely 
it may be familial and probably related to zona problems.5,6 Nor 
is it known why so many monozygotic twins vanish. However, 
it appears that since most vanishing twins are monozygotic 
twins, vascular compromise or true malformations may be the 
cause. Since there is an excess of female monozygotic twins 
(Table 35.4.4), discordant X-inactivation in early cones of cells 
could play a role.7 Similarly, the early emergence of discordant 
cells of a variety of different etiologies could lead to early split-
ting of the zygote.1

Because of the increased risk of congenital anomalies, 
prognosis is slightly guarded but in general is very good. 
A great deal has been written about the psychological aspects 
of being a twin, preferred rearing, schooling, and family 
dynamics.8
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TABLE 35.4.3  increased Risk for Congenital anomalies in Twins

RelaTiVe RisK

Central nervous system:

Encephalocele 2.21 (1.66-2.96)

Eye:

Anomalies of posterior segment 3.05 (1.49-6.23)

Heart:

Single ventricle 3.41 (1.84-6.33)

Single anomalies of pulmonary artery 2.24 (1.67-3.00)

Respiratory system:

Agenesis/hypoplasia and dysplasia of lung 2.21 (1.52-3.21)

Digestive system:

Esophageal atresia, tracheoesophageal fistula 2.56 (2.01-3.25)

Atresia and stenosis of large intestine, rectum  
and anus

2.05 (1.71-2.45)

Anomalies of intestines 2.36 (1.32-4.21)

Genital system:

Indeterminate sex 2.13 (1.54-2.93)

Urinary system:

Renal agenesis and dysgenesis 2.17 (1.66-2.85)

Other, specified of ureter 2.06 (1.05-4.01)

Atresia and stenosis of urethra and bladder neck 3.20 (1.82-5.63)

Musculoskeletal deformities:

Other and unspecified anomalies of limb 2.26 (1.56-3.26)

Anomalies of spine 2.78 (2.06-3.75)

Anomalies of abdominal wall 2.03 (1.69-2.43)

After Holmes LB: Common Malformations. Oxford University Press, New York, 2012, p 326.

TABLE 35.4.4  sex Ratio of Types of Twins

TYPe Of Twin m/m+f

DZ and singletons 0.514

All MZ 0.484

All monoamniotic twins 0.231

Conjoined twins 0.230

Sacral teratomas 0.250

After James7 and Derom et al.: N Engl J Med 319:119, 1988.
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35.5 miRROR imaGe Twins

Definition: Monozygous twins with opposite manifestations of asymmetric features (e.g., cowlick hair pattern, palmar creases, 
facial creases, tooth eruption, handedness).

ICD9/ICD10: 759.9/Q89.9

Birth prevalence: approximately 10%–20% of otherwise 
normal MZ twins are mirror image (~1/30,000)

Syndrome Associations (Appendix)
None

Associated anomalies: occasional situs inversus

Laboratory studies: none

Prenatal diagnosis: none

Cause: unknown

Mirror image formation of typically asymmetric structures 
may occur in monozygous twins.1-3 Identification is most eas-
ily accomplished when the first tooth erupts. In mirror image 
MZ twins, one twin will have tooth eruption on the right side 
first, the other on the left side first. Conjoined twins usually 
show mirror imaging. Occasionally, situs abnormalities will 
occur in one twin.

Mirror image twins are apparently “late” separating, 
believed to be equivalent to nine to 12 days in a singleton when 
sidedness of the body plate has been established but not the 
primitive streak (however, they are rarely monoamniotic).1-3 
The significance of mirror imaging is unclear, but it should be 

noted in twin studies. Their prognosis appears to be similar to 
other MZ twins.
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35.6 Twin TO Twin TRansfUsiOn sYnDROme

(Feto-Fetal Transfusion Syndrome, Twin Oligohydramnios-Polyhydramnios Sequence, Twin Anemia-Polycythemia Sequence)

Definition: Disproportionate blood supply to one of MZ twins in a monochorionic pregnancy.

ICD9/ICD10: 762.3/O43 Syndrome Associations (Appendix)
None

Birth prevalence: 15% of MZ twins develop twin-to-twin 
transfusion, approximately 1/1000 births.

Associated anomalies: polyhydramnios, 
oligohydramnios, heart failure, and vascular anomaly

Laboratory studies: examination of placenta

Prenatal diagnosis: ultrasonography

Cause: connection of the vasculature of twins in the 
placenta

For practical purposes, twin–twin transfusion only occurs in 
monozygous monochorionic pregnancies.1 The vascular con-
nections that usually form in the monochorionic placenta may 
become imbalanced, favoring the transfer of blood from one 
twin (donor/pump) to the other twin (recipient). The donor 
twin develops anemia, hypovolemia, and growth restriction, 

and the recipient twin develops polycythemia and hypervol-
emia with cardiac hypertrophy and congestive failure (Fig. 
35.6.1).2-4 Quintero et  al. outlined five stages of twin–twin 
transfusion based on severity and the implications for out-
come.5 Cerebral palsy may occur in 5  percent of cases and 
severe and untreated cases are lethal in more than 60 percent.1
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Treatment: Laser ablation of placental vascular anastomosis 
and occlusion of twin–twin shunts is indicated. Serial amnio-
centesis may be necessary. Umbilical cord occlusion of one 
twin may be necessary. Early delivery is usually indicated.

Prognosis: Multiple physiologic and vascular compromise 
complications have been noted. Prognosis is very guarded.
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35.7 aCaRDia

(Twin Reversed Arterial Perfusion, TRAP Sequence)

Definition: One of MZ twins has an absent, rudimentary, or nonfunctional heart and circulation supported by the unaffected 
co-twin. Usually the head is partially or completely missing.

ICD9/ICD10: 759.7/89.7 Syndrome Associations (Appendix)
Twin reverse arterial perfusion

Birth prevalence: 1/35,000 births; 1/100 MZ twins

Associated anomalies: acardiac twin-polyhydramnios, 
omphalocele, pump twin-heart failure, hepatomegaly, 
growth restriction

Laboratory studies: ultrasonography to define vascular 
flow to watch for disseminated intravascular coagulation, 
chromosomal studies

Prenatal diagnosis: ultrasound

Cause: connection of the vasculature of twins at the 
placenta

An acardiac twin is a separate twin and is not conjoined. 
Varying degrees of absence or regression of structures of the 
cephalic portion of the fetus including the head, upper trunk, 
and upper limbs occur in acardia (Fig. 35.7.1).1-4

Acardia is associated with monochorionic placenta and 
is only described in multiple births, since the acardiac twin 
depends on the functioning heart of the normal twin. Five 
subclassifications have been described (Table 35.7.1) based on 
presence of head and how well the body is preserved.5

Abnormal connections between the vasculature of the 
twins, usually at the placenta, are believed to be responsible. 
Abnormalities of the vascular primordia may be a contribut-
ing factor.2

Treatment: Since there is 100  percent lethality of the acar-
diac twin, treatment is directed at enhancing the survival of 
the pump twin, including occluding the umbilical cord of the 
acardiac and avoiding embolic phenomena to the pump twin.

Prognosis: The acardiac twin always dies. The pump twin is 
at risk for heart failure and vascular compromise anomalies.
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Fig. 35.6.1 Monozygotic twins with the twin transfusion syndrome at 30 weeks 
of gestation. The larger (recipient) twin weighed 1160 g and the smaller 
(donor) twin weighed 500 g.
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35.8 COnJOineD Twins

(Siamese Twins)

Definition: MZ twins that are joined at various anatomic sites.

ICD9/ICD10: 678.1, 759.4/O33.7, Q89.4 Syndrome Associations (Appendix)
None

Birth prevalence: 1/10,000–1/200,000 (higher incidence 
in southwest Asia and Africa)

Associated anomalies: shared viscera and portions of 
skeleton, many anomalies remote from attachment site of 
the twins

Laboratory studies: radiographs, CT, MRI, vascular 
imaging to determine which organs are conjoined and 
which ones are separate

Prenatal diagnosis: ultrasonography

Cause: unknown

Throughout the ages, conjoined twins have been of great 
interest. For millennia before they were described in writing, 

conjoined twins were depicted in carvings and drawings 
(Fig.  35.I.1).1,2 The most famous conjoined twins are Chang 

TABLE 35.7.1  Types of acardia

acardius acephalus This is the most frequent variety, responsible for 
60% to 75% of cases. The head is absent but the 
trunk and limbs are more or less well developed.

acardius acormus This is a very rare type of acardia in which there 
is development of the fetal head only. The head 
is usually directly attached to the placenta via a 
cord arising in the cervical region.

acardius 
amorphous or 
anideus

This type of acardia occurs in about 20% of cases. 
The defect consists of an irregular skin-covered 
mass of bone, muscle, fat, and connective tissue 
without the external form of a fetus. The umbilical 
cord is inserted anywhere on the surface.

acardius anceps or 
paracephalus

The head is poorly formed but trunk and limbs 
are fairly well developed. This form is sometimes 
included with the acephalus group.

acardius 
mylacephalus

This form consists of an amorphus mass with 
some development of one or more limbs.

After Phalen MC, Hall JG: Twinning. In: Human Malformations and Related Anomalies, 2nd ed. R Stevenson 

and JG Hall eds. Oxford University Press, NY, 2006, p 1377.

Fig. 35.7.1 Acardia in a twin pregnancy. Note the relatively wellformed lower 
limbs compared with upper torso and head.
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and Eng Bunker from Thailand, consequently the lay name of 
“Siamese twins.” The Bunkers were connected at the cartilage 
of their chest, traveled many years with the Barnum and Bailey 
Circus in the mid-1800s, were married, and parented 22 chil-
dren (Fig. 35.8.1).3,4

The most common types of conjoined twins are 
thoraco-omphalopagus, thoracopagus, omphalopagus, cra-
niopagus, and parasitic twins. Less common types are ceph-
alopagus, syncephalus, cephalothacopagus, xiphopagus, 
ischiopagus, omphalo-ischiopagus, parapagus, craniopagus 
parasiticus, pygopagus, and rachipagus (Fig. 35.8.2).

The factor(s) that contribute to the failure of monozy-
gous twins to completely separate are unknown. There is an 
excess of female conjoined twins. A  large number of associ-
ated anomalies have been reported, some in proximity to the 
site of attachment and others remote from attachment sites.5-9 
Evaluation involves identification of vital organs that are 
shared. Recurrence has not been reported.

Treatment: It is not always possible to separate conjoined 
twins.10 However, in the twentieth century many examples 
of successful separation occurred, and each twin lived quite 
independently.

Prognosis: Most conjoined twins are probably aborted pre-
natally; however, if their vital organs are shared the prognosis 
is reasonably good as long as other congenital anomalies are 

Fig. 35.8.1 Photograph of Chang and Eng Bunker at age 59 shown with James 
Montgomery, Eng’s 21-year-old son, and Albert, Chang’s 12-year-old son. Eng 
and wife Sallie Yates had 12 children; Chang and wife Adelaide Yates had 10 
children. The band of tissue uniting the twins is visible.

Fig. 35.8.2 Diagram of various types of conjoined twins: craniopagus (A, B); ischiopagus (C, D); dicephalus (E); thoracopagus (F); syncephalus (G); and 
cephalothoracopagus (H).
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not present. Most connected conjoined twins are aware of the 
thoughts and activities of the other twin but have independent 
experiences as well.11 When one twin dies, the other usually 
dies within days.
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35.9 PaRasiTiC Twins

(Asymmetric Conjoined Twins, Unequal Conjoined Twins, Fetus in Fetu)

Definition: A partially developed MZ twin remains attached to and dependent on vascular supply from the fully developing co-twin.

ICD9/ICD10: 759.7/Q89.7 Syndrome Associations (Appendix)
None

Birth prevalence: very rare, 1/500,000

Associated anomalies: possibly increased risk of dysplasia 
or tumor development in the dominant twin

Laboratory studies: autopsy of the tissue when removed

Prenatal diagnosis: ultrasonography

Cause: abortive attempt at monozygous twinning

The dominant twin appears to be healthy and fully formed, 
while the parasitic twin appears vestigial or incompletely 
formed but is attached to the dominant twin. If attached to an 
external surface of the fully formed twin, the parasitic twin will 
be obvious at birth. An internal parasitic twin will present as a 
mass, usually in the thorax or abdomen.1,2

Treatment: Surgical removal of the abnormal tissue is indicated.

Prognosis: Apparently the outcome is excellent for the domi-
nant fully formed twin.
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35.10 saCRal TeRaTOma

Definition: A tumor including the products of several germlines located at the base of the coccyx.

ICD9/ICD10: 653.7/O66.3 Syndrome Associations (Appendix)
Schinzel-Gideon (SETBP1)
Sotos (NSD1)
SENPT/MESDC2 fusion gene
Mesodermal development gene (MESDC2)
Weaver (EZH2)
Currarino (MNX1)

Birth prevalence: 1/35,000

Associated anomalies: hydrops fetalis

Laboratory studies: tissue should be tested for 
appropriate genes, diagnosed by pathology demonstrating 
several germlines

Prenatal diagnosis: ultrasonography

Cause: sporadic, abortive attempt at monozygous twinning
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Sacral teratomas typically contain all three germlines. They are 
considered to be a failed attempt to form a twin. In this respect 
they are similar to parasitic twins but do not achieve the level 

of structural organization of parasitic twins. Because of their 
propensity to grow excessively, they may put pressure on other 
organs such as the bladder or rectum or lead to hip dyspla-
sia (Fig. 35.10.1). They are seen with increased frequency in 
overgrowth syndromes. Malignancy occurs in 48  percent of 
females and 67 percent of males.1,2 Females are affected three 
to four times as often as males.3

Treatment: Sacral teratomas should be surgically removed 
with broad borders as early as recognized.

Prognosis: To the extent that other normal structures are 
not entangled and no malignant degeneration has spread, the 
prognosis is good.
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Fig. 35.10.1 Large sacrococcygeal teratoma in a newborn infant.
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36 | UMBILICAL CORD AND PLACENTA

ISABEL FILGES

introdUction

The development and function of the human placenta is highly 
complex. Its formation represents a conjoint effort between 
the extraembryonic tissues of the embryo and the endometrial 
tissues of the mother.1-3 Both the fetus and the mother con-
tribute to the placental circulation, and the fetus relies on the 
placenta’s circulatory, nutritional, respiratory, excretory, and 
endocrine functions to grow and mature to the point of viabil-
ity outside the uterus. The placenta thus plays a key role dur-
ing the maximal period of fetal growth and development and, 
as such, provides a tissue record of the dynamic intrauterine 
environment.

Much about the placenta remains very uncertain. Recent 
research on placental influence on fetal development is explor-
ing the concept of developmental programming.1 This includes 
studying the interplay of epigenetic factors including imprinted 
genes, genomic imprinting, and environmental influences 
such as maternal nutrition and disease, immune responses, 
and circulation in the cross-talk between the mother and the 
fetus and fetomaternal exchange.

Regarding the growing recognition of the placenta’s impor-
tance for human development, we have chosen to include some 
novel entries of placental anomalies without claiming com-
pleteness. These include placental malformations with docu-
mented clinical relevance impacting pregnancy management, 
such as placentation in twinning, molar transformation, and 
others. Ultrasonography techniques are continuously improv-
ing, and therefore careful evaluation of the placenta and the 
umbilical cord is encouraged during the obstetric sonographic 
examination, as some observations may critically affect the 
patient’s clinical management and have the potential to avert 
significant morbidity and mortality.4

Malformations of the umbilical cord are discussed focus-
ing on the relevance of the location of the umbilical cord 
insertion into the placenta and its abnormal growth and mor-
phology. From a developmental and functional perspective the 
umbilical cord can be considered as an important component 
of the placenta. It plays an essential role in intrauterine life as it 
connects the developing fetus with the placenta. Many compli-
cations in pregnancy or at birth are due to anomalies of umbil-
ical cord length.5 Studies of morphometry during normal and 
abnormal fetal development suggest that fetal movement, trac-
tion, and fetal blood pressure stimulate the linear growth of 
the cord. Its growth rate diminishes after 24 weeks gestation. It 

commonly attains a length of 50 to 60 cm by the end of preg-
nancy and is typically twisted many times.

A N AT O M I C A L  E M B RY O L O G Y

At the end of the first week, implantation occurs and placen-
tal development begins. The embryo is at the blastocyst stage 
and consists of an inner cell mass (the embryo) and an outer 
cell mass, the trophoblast that will form the placenta. By seven 
days the trophoblast differentiates into two layers: the syncytio-
trophoblast that is invasive and responsible for hormone pro-
duction, and the cytotrophoblast that forms the proliferative 
cell population for placental growth. By 12 days the syncytio-
trophoblast has eroded maternal blood vessels and blood pools 
in spaces (lacunae) in this tissue. By 13 days, extraembryonic 
mesoderm derived from the yolk sac and from gastrulation cre-
ates two new cell layers: one surrounding the conceptus and one 
lining the interior of the cytotrophoblastic shell. That part of this 
mesoderm on the inside of the shell becomes the chorionic plate 
that forms blood vessels on the fetal side of the placenta. The two 
mesoderm layers are continuous at the connecting stalk, which 
will contribute to formation of the umbilical cord. The space 
between the two layers forms the chorionic cavity.

Over the next two to three weeks numerous villi form, and 
cytotrophoblast cells disappear. Ultimately, villi consist of a core 
of mesoderm derived from the chorionic plate and a covering 
of syncytiotrophoblast. Immature intermediate villi, invested 
by a double layer of cytotrophoblast and syncytiotrophoblast, 
can be seen late in gestation, reflecting the continual prolifera-
tive capacity of chorionic villi. Opposite the growing fetal por-
tion of the placenta lies the decidua basalis of the uterus that 
will form the decidual plate to anchor the placenta. During the 
fourth and fifth months, decidual septa project into intervillous 
spaces and separate groups of villi into segments called cotyle-
dons. Blood flow through the lacunae up until the fourth week 
is sluggish, but by the fifth week it becomes more robust.

The umbilical region is established in the fourth week as 
the embryo is folded into the fetal position. At this time there 
is a line of reflection between the amnion and embryonic 
ectoderm called the primitive umbilical ring. Passing through 
the ring are the connecting stalk, vitelline duct, and a canal 
connecting the intraembryonic and extraembryonic cavi-
ties. Continued growth of the embryo and expansion of the 
amnion narrows the ring, crowding the enclosed structures 
closer together into the primitive umbilical cord. The cord 
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still contains the vitelline duct and also by now the umbilical 
vessels that form from mesoderm of the connecting stalk. The 
umbilical vessels are embedded in a mucoid connective tis-
sue that is usually called Wharton’s jelly. Little is known about 
Wharton’s jelly production and its influence on umbilical cord 
diameter. In its proximal portion, the cord contains intestinal 
loops and the remnant of the allantois, the urachus.

M O L E C U L A R  E M B RY O L O G Y

Specification of the trophoblast cell lineage is initiated by the 
transcription factors Tead4 and Cdx2. The latter acts in mutual 
antagonism with Pou5f1, which along with Nanog specifies 
the inner cell mass. Trophoblast identity is then sustained by 
a positive signaling loop involving Cdx2, Eomes, Tfap2c, and 
Elf5.6 Subsequent differentiation into different placental cell 
types is orchestrated by several factors including Gata3, Elf5, 
and Ets2. Invasion of the trophoblast into the uterine tissue 

and vessels is a complex, multidimensional process, involving 
numerous hormones, growth factors, chemokines, and signal-
ing pathways.7
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36.1 molar transformation of tHe Placenta

(Molar Pregnancy, Hydatidiform Mole, Partial Hydatidiform Mole, Complete Hydatidiform Mole, Invasive Hydatidiform Mole, 
Gestational Trophoblastic Disease)

Definition: An abnormal pregnancy characterized by hydropic placental villi, trophoblastic proliferation (both the cytotro-
phoblast and syncytiotrophoblast) and hyperplasia as well as poor fetal development.

ICD9/ICD10: 630/O01, D39.2 Syndrome Associations (Appendix)
Recurrent hydatidiform mole 1 (NALP7)
Recurrent hydatidiform mole 2 (KHDC3L)

Birth prevalence: 1/2,000 pregnancies

Associated anomalies: absent fetal development 
(complete mole), spontaneous abortion (partial mole)

Laboratory studies: chromosome analysis, beta-HCG 
level

Prenatal diagnosis: maternal serum screening 
(beta-hCG), ultrasonography, chorionic villus sampling

Cause: Proliferation of diploid cells containing only 
paternal chromosomes (complete mole), paternal triploid 
conception (partial mole)

There are two types of molar pregnancies. Complete hydatidi-
form mole (CHM) is an abnormal pregnancy caused by prolif-
eration of diploid cells containing only paternal chromosomes 
(androgenetic diploid pregnancy). There is no development 
of embryonic structures (Fig. 36.1.1). CHM typically presents 
between the 11th and 25th weeks of pregnancy, with an aver-
age gestational age of approximately 16 weeks. Clinical signs 
include vaginal bleeding, hyperemesis, and hypertension. The 
diagnosis can nearly always be made by ultrasound, because 
the chorionic villi proliferate with vacuolar swelling and 
produce a characteristic vesicular sonographic pattern. The 
classical ultrasound image at a later stage shows an enlarged 
uterus, a “snowstorm” appearance with enlarged cystic areas 
(“bunch-of-grapes”–like transparent vesicles) characterized 

by gross generalized villous edema.1-5 With the advent of 
high-resolution ultrasound imaging and first trimester screen-
ing approaches, molar pregnancy is now being diagnosed at 
a much earlier stage, prior to the onset of clinical symptoms. 
The majority of first trimester CHMs may not demonstrate 
the classic radiologic signs described above and instead are 
diagnosed based on the presence of a complex, heterogeneous 
and echogenic intrauterine mass containing many small cystic 
spaces.

Patients with a partial hydatidiform mole (PHM) are 
usually asymptomatic or may present with symptoms of a 
missed or incomplete abortion. PHMs are triploid concep-
tions in which the extra chromosomal haploid set is of pater-
nal origin (diandric:  69,XXX; 69,XXY or 69,XYY) due to 
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the simultaneous fertilization of an oocyte by two sperms.6 
Morphologically, PHMs differ from complete moles in three 
aspects. First, in PHMs, embryonic or fetal structures are usu-
ally present, but pronounced intrauterine growth retardation 
and structural anomalies are present. Second, the placental 
microcystic pattern may be diffuse but is often focal and not 
as prominent as in CHM. Third, trophoblastic hyperplasia is 
less prominent and sometimes strikingly focal. Survival into 
the second trimester is rare.

In both CHMs and PHMs, free beta-hCG levels are com-
monly markedly elevated above those of normal pregnancy 
and can be detected through first trimester biochemical 
screening approaches.

Epidemiological studies report wide regional variations 
in the incidence of hydatidiform moles, ranging from 0.57 
to 1.1 per 1,000 pregnancies in European and Anglo-Saxon 
populations to 2.0 per 1,000 pregnancies in Asia.3 The inci-
dence of CHM in the United States is approximately 1 per 
2,000 pregnancies. PHM is more common than CHM, with an 
incidence of about 3 per 1,000 pregnancies. Possible risk fac-
tors are extremes of maternal age and prior molar pregnancy. 
Overall recurrence risk of a molar pregnancy is estimated at 

about 1  percent. However, rare familial recurrent biparental 
CHMs are reported as a recessive condition due to mutations 
in NLRP7 or KHDC3L.7-9 Approximately 90 percent of CHMs 
are 46,XX, originating from duplication of the chromosomes 
of a haploid sperm after fertilization of an egg in which the 
maternal chromosomes are either inactive or absent. The other 
10 percent are 46,XY or 46,XX, the combination of two sperm, 
(dispermy) and a nonnucleated ovum.

Treatment: Molar pregnancies either result in spontaneous 
abortions or can be evacuated, as the outcome is not compat-
ible with fetal survival.4,5 All women with a molar pregnancy 
should be registered for ongoing hCG monitoring follow-
ing the pregnancy because of the risk of neoplastic trans-
formation resulting in an invasive mole or highly malignant 
choriocarcinoma.

Prognosis: The time interval between the antecedent preg-
nancy and clinical presentation of a trophoblastic neopla-
sia ranges from a few weeks to years.10 After termination of 
a molar pregnancy, the risk of developing malignant disease, 
simply detected by a plateau or rising serum or urine hCG, is 
reported in about 8 percent to 20 percent for CHM and 0.5 per-
cent to 5 percent for PHM, with an invasive mole being the 
more common tumor. Choriocarcinoma arises in up to 3 per-
cent of CHMs and approximately 0.1  percent of PHMs and 
grows and metastasizes more rapidly than an invasive mole. 
Approximately 15 percent of invasive moles will metastasize. 
Gestational trophoblastic neoplasms are now some of the most 
curable of all solid tumors, with overall cure rates exceeding 
90 percent even in the metastatic state, including with fertility 
retention.
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Fig. 36.1.1 Top: complete hydatidiform mole at 12 weeks gestational age 
showing the typical snowstorm appearance. Bottom: partial hydatidiform mole 
at 14 weeks gestational age. Fetal structures are visible.
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36.2 Placental mesencHYmal dYsPlasia

Definition: A rare and incompletely understood placental stromal lesion characterized by placentomegaly and clinicopatho-
logical features resembling a partial hydatidiform mole, but coexisting with a viable fetus.

ICD9/ICD10: 656.7/O43.1 Syndrome Associations (Appendix)
Beckwith-Wiedemann (CDKN1C, H19, IGF2, 
KCNQ1OT1, UPD)Birth prevalence: 1/5,000 pregnancies

Associated anomalies: placentomegaly, IUGR, fetal 
demise, clinical signs of BWS such as macrosomia, 
omphalocele, macroglossia, hepatic mesenchymal tumor

Laboratory studies: may present with elevated hCG 
levels, likely to be associated with elevated msAFP levels

Prenatal diagnosis: ultrasound scan including color 
Doppler, karyotype to exclude triploidy for differentiation 
from partial molar pregnancy

Cause: competing theories: malformation of the 
mesoderm, disruption of imprinting genes in 11p15.5, 
androgenic/biparental mosaicism

Placental mesenchymal dysplasia (PMD) is a rare placen-
tal vascular anomaly characterized by placentomegaly, with 
grapelike vesicles resembling a partial molar pregnancy by 
ultrasonography and gross placental examination.1,2 PMD is 
often mistaken for gestational trophoblastic disease because 
of similar sonographic findings. The exact underlying etiol-
ogy is currently unclear. There are several competing theo-
ries, including congenital malformation of the mesoderm, 
which is based on observations of mesenchymal stem villous 
hyperplasia;2 molecular disruption of the imprinting genes of 
chromosome 11p15.5 associated with Beckwith-Wiedemann 
syndrome; and androgenetic/biparental mosaicism.3 Owing to 
its relatively recent recognition, there are limited data on con-
sistent diagnostic criteria and outcome of affected pregnancies.

Most cases of PMD in early pregnancy are diagnosed by 
prenatal ultrasound done as part of routine prenatal care, and 
there are no specific clinical fetal or maternal signs associated 
with PMD. Common fetal complications later in pregnancy 
are intrauterine growth restriction (IUGR) or intrauterine fetal 
demise.4 Severe IUGR may be related to diversion of fetal blood 
within the vascular malformations or stem villi blood vessel 
thrombosis resulting in hypoperfusion and hypoxia that ulti-
mately leads to IUGR. Prematurity is frequent. According to a 
recent review, about 9 percent of patients have normal preg-
nancy outcomes.5 Asymptomatic cases may be diagnosed post-
partum because of delivery of an abnormally large placenta.

The sonographic features of PMD are very similar to those 
of partial hydatidiform moles. Sonographicaly, an enlarged 
and/or thickened placenta with hypoechoic spaces and/or 
dilated chorionic vessels is described.5,6 Newer ultrasound 
technologies such as three-dimensional scans may improve the 
prenatal differentiation between PMD and molar pregnancies. 
Kuwata et  al. recently introduced the “stained-glass” appear-
ance of PMD using color Doppler ultrasound corresponding 

to various degrees of blood flow in the “cystic” areas as opposed 
to an absent flow in placentas from molar pregnancies.7 Other 
differential diagnoses of PMD include placental vascular 
anomalies such as chorangiomas and subchorionic hema-
tomas, but findings are less diffuse than in PMD. Although 
PMD may present with an increased hCG level, hCG is always 
elevated in molar pregnancies. PMD is more likely to be asso-
ciated with elevated msAFP levels. Pathological and histo-
pathological placental examinations reveal placentomegaly,  
often associated with dilation and congestion of vessels of 
the chorionic plate, which are sometimes aneurysmal. Often 
“grape-like” cysts, formed by dilation of the hydropic stem villi, 
can be observed. Enlarged stem-cell villi with varying degrees 
of edema contain abnormal thick-walled fetal blood vessels, 
which are thrombosed in some cases. Trophoblastic prolifera-
tion and stromal inclusions, both characteristic of molar preg-
nancies, are notably absent.

There is a significant association between PMD and fetuses 
affected with Beckwith-Wiedemann syndrome, with 19 to 
23 percent of PMD cases reported to be this condition. There 
are numerous case reports describing the coexistence of PMD 
with fetal hepatic mesenchymal tumors, suggesting a common 
pathogenetic origin for the two anomalies. Sonographic find-
ings of PMD, therefore, warrant careful evaluation of the fetus 
to rule out anomalies associated with Beckwith-Wiedemann 
syndrome. PMD alone may represent phenotypic changes 
of Beckwith-Wiedemann syndrome limited to the placenta. 
Interestingly, the association of PMD with overgrowth is 
in contrast to the significant proportion of fetuses affected 
with IUGR.

For various reasons, the true incidence of PMD is 
unknown. It has been only recently defined as a distinct entity 
and has been previously reported under a variety of names 
such as “placentomegaly with massive hydrops of stem villi” 
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and “pseudopartial moles.” PMD remains unfamiliar to many 
healthcare providers, including pathologists and sonographers, 
and is therefore probably underdiagnosed and underreported. 
Bias may be introduced by the current medical practice of only 
examining placentas from patients with comorbidities or com-
plicated pregnancies.8,9 According to one report, the incidence 
of PMD is about 0.02 percent and in a recent review 0.027 per-
cent. Fetal female preponderance of 3.6:1 (female-male) is 
reported.

Treatment: Close monitoring of the pregnancy is required. 
PMD must be differentiated from gestational trophoblastic dis-
ease because management and outcomes differ. Invasive testing 
via chorionic villus sampling or amniocenteses can be per-
formed to confirm a normal karyotype, thereby excluding par-
tial molar pregnancy. Clinical signs of Beckwith-Wiedemann 
syndrome should be searched for in ultrasound scans.

Prognosis: Pregnancy outcomes range from healthy, uncom-
plicated pregnancies to adverse maternal and/or neonatal 
complications. Common fetal complications reported to 
be associated with PMD are prematurity, IUGR, and intra-
uterine fetal demise. Fetuses and newborns affected with 
Beckwith-Wiedemann syndrome should be monitored for 
specific complications associated with overgrowth, polyhy-
dramnios, and increased tumor risk. Overall maternal com-
plications are comparatively rare, but gestational proteinuric 

hypertension has been reported. According to a recent review, 
about 9 percent of patients have normal pregnancy outcomes. 
Patients with suspected PMD with normal fetal anatomical 
surveys and appropriate fetal growth, along with uncompli-
cated maternal clinical histories, can be reassured that these 
pregnancies can result in normal live births.
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36.3 cHoranGioma

(Placental Hemangioma, Placental Fibroma)

Definition: Well-defined mass of multiple fetal capillary vascular channels in the placenta supported by connective tissue 
stroma and lined by a layer of trophoblasts.

ICD9/ICD10: 631.8/O02.89 Syndrome Associations (Appendix)
None

Birth prevalence: 1/100 placentas

Associated anomalies: polyhydramnios, fetal 
cardiomegaly, heart failure, intrauterine growth 
restriction, hydrops

Laboratory studies: none specific, association with 
elevated amniotic fluid AFP is reported

Prenatal diagnosis: ultrasound, color Doppler imaging

Cause: capillary dysvasculogenesis

Chorangioma, the most frequent benign placental tumor, rep-
resents capillary dysvasculogenesis.1,2 It is analogous to hem-
angiomas elsewhere. Chorangioma affects mature stem villi, 
suggesting earlier gestational origins. Multiple factors have 
been implicated in the pathogenesis, among them lower oxy-
gen tensions and cytokines.

In the majority of cases, chorangiomas are small or micro-
scopic and of no clinical significance. They are often seen as 
nodular lesions bulging from the fetal surface of the placenta. 

They have a greater frequency in less perfused areas such as 
the chorionic plate and placental margins. They may be small 
and multiple or may constitute large masses. Larger choran-
giomas, more than 4 cm in size, are associated with negative 
clinical impact, particularly when rapidly growing.3,4

The sonographic appearance of a chorangioma is a 
well-circumscribed, predominantly hypoechogenic mass near 
the chorionic surface.4 More highly vascular and hypoecho-
genic tumors are associated with a higher incidence of 
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pregnancy complications, while vascular and hyperecho-
genic tumors have a more favorable outcome. A  tumor with 
increasing echogenicity is an encouraging sign, as increasing 
echogenicity typically indicates fibrotic degeneration. Color 
Doppler imaging aids in the differential diagnosis in utero 
since hematomas, placental teratomas, subchorionic fibrin 
depositions, or moles may have a similar sonographic appear-
ance. Color Doppler can define the extent of vascularity and 
will show the vascular channels continuous with fetal circula-
tion, as well as the presence of a single blood vessel feeding the 
lesion.5

Chorangiomas occur in one in 100 placentas. The inci-
dence of large chorangiomas varies from one in 500 to one in 
16,000 placentas.

Treatment: Devascularization, alcohol ablation, and intersti-
tial laser coagulation.

Prognosis: Chorangiomas larger than 4 cm can have signifi-
cant effects on the hemodynamic and circulatory processes of 
the fetus, leading to significant clinical consequences such as 
polyhydramnios, fetal cardiomegaly resulting in heart failure, 

hydrops fetalis, and intrauterine growth restriction. High 
output heart failure is the main reason for neonatal mortal-
ity, and there is a mortality rate of 30 to 40 percent in large 
chorangiomas. Chorangioma must be differentiated from cho-
rangiomatosis, chorangiosis, and rarely chorangiocarcinoma.6 
Chorangiocarcinoma is a misnomer, as it never has been 
described to metastasize. Chorangiocarcinoma is rather a tro-
phoblast proliferation in the vicinity of an otherwise benign 
chorangioma.
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36.4 Placentation in tWinninG

Definition: The formation and configuration of the placenta(s) and the related membranes in twin pregnancies. In case of a 
twin pregnancy, dichorionic placentation refers to the presence of two placentas, while monochorionic placentation refers to the 
presence of one placenta.

ICD9/ICD10: None Syndrome Associations (Appendix)
Acardia

Birth prevalence: 1/80 deliveries are twins (constant for 
MZ twins worldwide, variations for DZ twins)

Associated anomalies: increased prevalence of 
malformations, 2-3 times more frequent in twins than in 
singletons

Laboratory studies: analysis of microsatellite loci to 
determine zygosity, SNP genotyping

Prenatal diagnosis: ultrasonography to determine 
chorionicity, if clinically indicated, by double 
amniocentesis to determine zygosity

Cause: fission of a single zygote at varying time points 
between conception and 14 days postconception, timing of 
the event determines placentation

Placentation is the formation and growth of the placenta and 
its related membranes inside the uterus. It begins after implan-
tation of the embryo into the uterine wall between 13 and 
15 days after ovulation and involves the composition of pla-
cental tissues and remodeling of blood vessels.

The biology of twinning and placentation is complex, 
and there is limited correlation between zygosity—the degree 
of identity in the genome of the fetuses—and placentation 

(Chapter  35). Dizygotic (DZ) twins are formed from two 
fertilized eggs, and two placentas develop, each with its own 
chorion and amnion. Monozygotic (MZ) twins arise from a 
single zygote at varying intervals between conception and the 
establishment of the major body axes at about 14 days post-
conception. It is proposed that the timing of the MZ twinning 
event determines the placentation of the twins (Fig.  35.4.1). 
Early twinning—by fission of the single conceptus before 
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the blastocyst stage—results in dichorionic placentas, which 
may be separate or fused, and two amnions. Later twinning, 
after the separation of the inner cell mass from the tropho-
blast, results in a single placenta: cleavage in early blastocyst 
stage yields two inner cell masses leading to monochorionic 
diamniotic twins. An even later separation of embryonic cells 
before the development of the embryonic axis results in two 
embryos forming from one inner cell mass, leading to mono-
chorionic monoamniotic twins. Conjoined twinning repre-
sents an incomplete separation and characteristically occurs 
with monochorionic monoamniotic placentation.1

Most twin and multiple pregnancies are diagnosed pre-
natally by routine obstetrical ultrasound. The chorionicity in 
diamniotic pregnancies can be determined by the presence 
of the “lambda-sign” in dichorionic twins and a “T-sign” in 
monochorionic twins. The thickness of the septum (documen-
tation of septum thickness is best done in the first trimester, as 
dichorionic septa become thin and difficult to distinguish from 
septa of monochorionic twins later in pregnancy) may addi-
tionally be used for diagnosis of chorionicity. Placental masses 
can be measured, but results may be unreliable.2,3 Discordant 
external genital sex can be used to assume the presence of DZ 
twins. However, neither chorionicity nor sex determination 
reliably correlates with zygosity—in fact, most identical MZ 
twins are not identical. Besides the various postzygotic events 
explaining discordance as described below, mechanisms for 
intermediate forms of twinning such as chimerism, polar 
body twinning, parthenogenetic activation and cleavage of the 
ovum, and fusion of the trophoblast in initially monochorionic 
DZ twin pairs have been reported.1

Congenital anomalies are about two or three times more 
frequent in twins than in singletons. Except for anomalies 
that are classified as deformations, the increase is almost 
entirely confined to MZ twins. Most MZ twins, although 
identical, are phenotypically and genetically discordant by 
various mechanisms occurring during intrauterine develop-
ment. Malformations and malformation patterns in these MZ 
twins are presumed to be (1) intrinsic to the twinning event; 
(2) secondary to vascular disruption, embolism, or anastomo-
ses within the common placenta or (3)  constraint deforma-
tions due to in-utero crowding: and (4) postzygotic mutations 
including chromosomal aberrations, somatic single gene 
mutations, variations in X-inactivation patterns, and epigen-
etic changes.

One in 80 deliveries and one in 40 first trimester pregnan-
cies are twins. The prevalence of spontaneously conceived MZ 
twins is constant worldwide, and geographic and ethnic differ-
ences of the overall spontaneous twin prevalence are caused 
by variations in the prevalence of DZ twins. The Yoruba 
(in Nigeria and Benin) have the highest rate of twinning in 
the world, at 45 to 50 twin sets per 1,000 livebirths; in Latin 
America, South Asia, and Southeast Asia the lowest rates are 
found (only 6–9 twin sets per 1,000 livebirths). North America 
and Europe have intermediate rates of nine to 16 twin sets per 
1,000 livebirths.4

In Caucasian populations about 30 to 40  percent of 
spontaneously conceived twins are MZ. About one-third of 
those are dichorionic, separate, or fused, and two-thirds are 
monochorionic.5

Treatment: Not applicable

Prognosis: A  major general complication of twin pregnan-
cies is preterm delivery. As the majority of MZ twins have 
monochorionic placentas only one single placenta supports 
the fetal development, which can result in certain gestational 
risks and complications. Particular structures and functions 
affect outcomes and can be targeted for specific treatments. 
Improvements in prenatal outcomes will depend on reliable 
first trimester diagnosis of chorionicity, allowing early moni-
toring. Fetal growth rates fall off more significantly in the 
third trimester. Approximately 95 percent of MC twin placen-
tas contain interfetal vascular connections, which can cause 
twin–twin transfusion syndrome and twin-reversed arterial 
perfusion. Monochorionic twins are often discordant for con-
genital anomalies. Entangled cords are found more frequently 
in monoamniotic than in diamniotic twins.6
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36.5 Umbilical cord looPs

(Umbilical Cord Encirclements, Umbilical Cord Entanglements)

Definition: Complete encirclement of a fetal body part by the umbilical cord with or without vascular obstruction in either 
the umbilical cord or the encircled fetal part.

ICD9/ICD10: 762.5/P02.5 Syndrome Associations (Appendix)
None

Birth prevalence: very frequent: neck loops in 1/3 to 1/7 
deliveries

Associated anomalies: long cord, varying degrees of 
fetal disruption and/or deformation, growth restriction, 
stillbirth, cord-to-cord entanglements in monoamniotic 
twin pregnancies

Laboratory studies: none

Prenatal diagnosis: ultrasonography, color Doppler 
sonography

Cause: normal fetal development, unknown or increased 
cord length and its causes

Umbilical cord loops may be present at any part of the fetal 
body but most frequently surround the fetal neck (92 percent) 
or the neck and a limb (6 percent). Umbilical cord loops around 
the trunk alone or a limb alone account for only 2 percent. Cord 
loops are the result of fetal movement in relation to the posi-
tion of the cord either during normal intrauterine development 
or associated with a long umbilical cord (Entry 36.7), polyhy-
dramnios, and fetal hyperkinesia.1-4 The loop may or may not 
produce vascular obstruction, fetal growth restriction, and/or 
death (Fig. 36.5.1). Cord-to-cord entanglements are seen in 
monoamniotic twin pregnancies.5 The diagnosis of cord loops 
can be made antenatally using ultrasonography and additional 
color Doppler ultrasonography or after birth by inspection. 
Due to the advances in first trimester ultrasonography and 
measurement of nuchal translucency, cord entanglement can 
be observed in 63 percent of fetuses at 13 to 16 weeks gesta-
tional age.6 Most of these nuchal cords will resolve in later ges-
tation.7 These findings suggest that cord entanglement may be 
considered a normal characteristic of early fetal development.6

Umbilical cord loops should be actively searched for in the 
presence of fetal hypokinesia, fetal hypoxia, and/or bradycar-
dia, and should be considered in the differential evaluation 
of polyhydramnios and placental disruption. Rarely, umbili-
cal cord loops are responsible for varying degrees of fetal dis-
ruption or deformation and growth restriction. Cord-to-cord 
entanglement is to be suspected and monitored in monoamni-
otic twinning where the umbilical cords become interwound 
as evidenced by ultrasonography and where one or both twins 
show signs of reduced umbilical cord vascular flow and/or 
restricted movement. Usually the cords are not greatly unequal 
in length, except when one twin has serious developmental 
anomalies. Most umbilical cord loops, however, do not pro-
duce obstruction of the umbilical vascular flow or blood flow 
within the encircled fetal part.8

Complications of blood flow obstruction are associated 
with stillbirth and account for about 15  percent of cases. 
Compromised umbilical blood flow can be held accountable 

Fig. 36.5.1 Single umbilical cord loop (arrows) around fetal neck without signs 
of vascular obstruction within either the fetal neck or cord.
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for about 3  percent of perinatal deaths. The reported inci-
dence of neck encirclements varies between 15  percent and 
33 percent. Negative pregnancy outcome is more commonly 
associated with the presence of multiple encirclements. Up 
to as many as five loops have been reported; most loops are 
single. The measurement between the sites of cord insertion 
into the placental plate does not seem to influence the fre-
quency of cord-to-cord entanglements. Cord-to-cord entan-
glements are more common between male fetuses and when 
one or both cords are abnormally long. Up to 50 percent of 
fetal deaths in monoamniotic twins have been attributed to 
cord entanglement.9

Treatment: When umbilical cord loops are detected 
prenatally, the pregnancy must be monitored for signs of 
umbilical cord compression and/or fetal anomalies. The 
careful monitoring of monoamniotic twin pregnancies for 
umbilical cord entanglement by ultrasonography and fetal 
heart rate aberrations is important in the management of 
such pregnancies. When a liveborn is delivered with an 
umbilical entanglement, the loop should be unwound, 
which offers restorage of fetal blood volume prior to cord 
clamping. Up to 20 percent of the fetal blood volume may 
be entrapped within the umbilical cord and placenta dis-
tal to the loop. A cesarean section is the delivery of choice 
when umbilical cord loops are diagnosed prior to delivery 
and if signs of vascular impairment such as increased heart 
rate, decreased fetal movements, and/or growth failure are 

present. Cesarean section delivery is indicated in all cases of 
cord-to-cord entanglement.

Prognosis: Most umbilical cord loops do not produce vas-
cular obstruction of the umbilical blood flow or blood flow 
within the encircled fetal part. Complications of blood flow 
obstruction are associated with stillbirth and perinatal deaths, 
fetal disruption or deformation, and/or growth restriction. 
Negative pregnancy outcome is more commonly associated 
with the presence of multiple encirclements.
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36.6 Umbilical cord Knots

Definition: “True” knots occur as fetal activity loops the umbilical cord; the fetal body must then pass through the loop to 
create a nonreductible knot. Umbilical cord loops, encirclements, and so-called “false” knots caused by varices and aneurysms 
should not be considered umbilical cord knots.

ICD9/ICD10: 762.5/P02.05 Syndrome Associations (Appendix)
None

Birth prevalence: 1/20 to 1/200

Associated anomalies: vascular compromise

Laboratory studies: none

Prenatal diagnosis: color Doppler ultrasonography

Cause: complete passage of the fetus through a loop or 
cord encirclement

Umbilical knots can be divided into true knots and false knots. 
The true umbilical cord knot mostly presents as an “over-
hand” type (Fig. 36.6.1A). Rarely a “figure eight” knot (Fig. 
36.6.1B) is produced. Signs of vascular obstruction may or 
may not be present (Fig. 36.6.1C, D). The presence of a true 
umbilical cord knot may be established prenatally by ultraso-
nography, but more commonly at the time of birth by direct 
inspection. Diagnosis by ultrasonography is often not achieved 
because there is no specific sonographic appearance of a true 

knot. It is difficult to differentiate true knots from localized 
umbilical cord enlargements due to vascular loops or cysts. 
Recent advances in color Doppler and 3D/4D ultrasonogra-
phy, however, have improved the assessment of true knots and 
their complications.1-4 The presence of more than one umbili-
cal knot is rare and would be associated with an excessively 
long cord. Up to four knots in one umbilical cord have been 
described in the literature. 5 Rarely, a fetal body part may reside 
within a knot.
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Knots are most often associated with long cords. The clini-
cal importance of a true umbilical cord knot is whether vascular 
(particularly venous) compromise is present. The great major-
ity of cord knots are of no clinical significance except that their 
presence signals the possibility of an abnormally long umbili-
cal cord. When venous obstruction is present, the umbilical 
vein is dilated and congested within the segment between the 
knot and the placental plate. Within the segment between the 
knot and the fetus, the umbilical vein shows no sign of dilation 
or congestion. Once a knot is identified the fetal cardiovascular 
system, including fetal heart rate and fetal growth, should be 
monitored for signs of vascular flow compromise.

True umbilical knots occur in about 0.5 percent to 4.6 per-
cent of pregnancies. They represent about 5 percent of all cord 
complications. Higher probability of occurrence of true umbil-
ical knots is associated with long umbilical cord, polyhydram-
nios, male fetuses, prolonged pregnancy, and multiparity.6,7

Treatment: Cesarean section is usually recommended if 
a true umbilical cord knot has been diagnosed, particularly 
if the cord is abnormally thin in diameter. Preventive mea-
sures lie in the management of risk factors that predispose to 
umbilical cord overgrowth, such as polyhydramnios and fetal 
hyperkinesia.

Prognosis: The great majority of cord knots are of no clinical 
significance except that their presence signals the possibility 
of an abnormally long umbilical cord. The clinical importance 
of a true umbilical cord knot is whether vascular (particular 
venous) compromise is present. Stillbirth and perinatal mor-
tality is estimated at about 8 to 11 percent.
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Fig. 36.6.1A-D Umbilical cord knots. “True” overhand umbilical cord knot (A), loose “figure-eight” knot (B), and true cord knots without (C) and with (D) signs of 
vascular obstruction.
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36.7 Umbilical cord lenGtH

Definition: Measurement between the surface of the placental plate and the fetus.

ICD9/ICD10: 762.6/PO2.60, PO2.69 Syndrome Associations (Appendix)
Fetal akinesia
Short umbilical cord

Birth prevalence: short umbilical cord is noted in 1/15 to 
1/125 of all deliveries. About 7% of umbilical cords qualify 
as being long.

Associated anomalies: anomalies of body stalk, 
musculoskeletal and central nervous system

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: incompletely understood, but decreased or 
increased fetal movement and traction or tension on 
umbilical cord are contributing factors

Total umbilical cord length is measured between the surface 
of the placenta and the fetus. In clinical practice exact mea-
surements are difficult to obtain. Length can be estimated 
antenatally by ultrasonography or by clinical assessment 
after birth (Fig. 36.7.1). In postmortem examinations, cor-
rect measurements are not precise unless the fetus and the 
placenta are received attached in the pathology laboratory. 
Normative values exist for umbilical cord length from the 
mid–second trimester to term.1 An umbilical cord measur-
ing more than 2 SD below the mean is considered short—it 
measures 10 to 35  cm at or near term (37–40 weeks gesta-
tional age). A  cord with a length exceeding 80  cm at term 
or exceeding 2.5 times or more the crown–rump length is 
considered long. The physiological mechanisms for umbilical 
cord growth are incompletely understood, but factors affect-
ing cord growth include traction/tension by fetal movement, 
by expansion of the amniotic fluid volume, and by blood flow 
within the umbilical arteries.2

Umbilical cord length is positively correlated with fetal 
movement: reduced activity is associated with a shorter cord, 
and fetal hyperkinesia contributes to increased umbilical cord 
growth.

Reduced intrauterine movement—fetal hypokinesia or 
akinesia, usually associated with multiple contractures—may 
result from a variety of conditions including abnormalities of 
the central nervous system, muscle and nerve development, 
as well as connective, cartilage, and osseous tissue distur-
bances. Examples are disorders such as brain malformations, 
neuromuscular diseases, connective tissue disorders, and 
chondrodysplasias, which in most cases are of genetic ori-
gin. Nongenetic conditions such as fetal crowding, a number 
of maternal illnesses, or drug consumption are also known 
to lead to reduced fetal movement. By far the most prevalent 
type of fetal akinesia and multiple congenital contractures is 
amyoplasia, accounting for one-third of all cases and referring 
to a very specific sporadic disorder including a specific natu-
ral history.3,4 Conditions characterized by mild or moderate 

degrees of reduced fetal movement (e.g., Down syndrome, 
Prader-Willi syndrome) can produce a diminished umbili-
cal cord growth, usually not a true short cord by definition. 
Hypotonia is frequently noted after birth.

Fig. 36.7.1 Placenta (P) with attached, well-formed, but short umbilical cord 
(UC) and portions of the fetal abdominal wall (Aw) containing abdominal 
segments of the umbilical blood vessels.
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The “short umbilical cord syndrome” represents a severe 
shortening of the umbilical cord that measures less than 10 cm. 
The fetus appears tethered to the placental surface with a spi-
nal axis bent in the direction of the tethering (Fig. 36.7.2). An 
abdominal wall defect is present, and fetal abdominal organs in 
part lie outside the abdominal cavity.6,7 Internal anomalies are 
always present and deformations of the limbs are often associ-
ated. There are no amniotic bands. The etiology is unknown, 
but etiologic considerations include an abnormality involving 
the embryonic folds, midline developmental defect, extreme 
fetal hypokinesia, abnormalities in twinning, and others.6-8

Incidences of short and long umbilical cords vary greatly. 
A short umbilical cord is noted in 0.8 percent to 7.0 percent 
of all deliveries. About 7 percent of umbilical cords qualify as 
being long. The sex ratio is variable due to associations with 

diverse conditions. Twinning is more often associated with a 
significantly shorter umbilical cord than singleton pregnan-
cies, but length varies considerably.9 It is debated whether a 
correlation can be made to twinning alone, or rather a multi-
factorial origin including the presence of amniotic fluid.

Prognosis: Approximately 32  cm of umbilical cord length 
is the minimum required at term for an uncomplicated fetal 
descent through the birth canal during the second stage of 
labor. Shorter cord length may result in prolonged or obstructed 
labor, coupled with restriction of umbilical cord flow due to 
stretching tension and luminal collapse. General prognosis of 
the infant is determined by the underlying condition. A high 
risk of complications is associated with long umbilical cord, 
such as neck encirclement in about 53 percent (normal cord 
23 percent), knot formation in 3 percent (normal cord 1 per-
cent), and prolapse in 6 percent (normal cord 0.4 percent).
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36.8 anomalies of Umbilical cord insertion

(Marginal Cord Insertion, Velamentous Cord Insertion, Furcate Cord Insertion, Vasa Previa)

Definition: Insertion of the umbilical cord onto the placental plate within 3 cm of the margin of the placenta or into mem-
branes remote from the placenta.

ICD9/ICD10: 663.80/O43.1 Syndrome Associations (Appendix)
None

Birth prevalence: 1/15

Associated anomalies: low birthweight, no specific 
malformations

Laboratory studies: none

Prenatal diagnosis: ultrasound, Doppler US

Cause: orientation of the blastocyst (polarity theory), 
limitation of space (trophotropism theory)

Fig. 36.7.2 Fetus with lateral bending of the spinal axis with tethering onto the 
placental surface due to short umbilical cord (5.8 cm).
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Umbilical cord insertion in the placenta is usually central or 
eccentric (paracentral), well away from the placental edge. 
Umbilical cord stroma of Wharton´s jelly protects the umbilical 
vessels, which remain covered by the superficial stroma of the 
chorionic plate as they extend on to the chorionic plate surface.

There are three types of abnormal cord insertions (Fig. 
36.8.1). The most frequent abnormal insertion is a marginal 
insertion at the placental edge and is defined as occurring within 
1 cm of the placental disc margin. In a marginal insertion, the 
structure of the cord itself is normal and the vessels are sur-
rounded by Wharton’s jelly. A  velamentous (or membranous) 
insertion occurs when the umbilical cord inserts, runs through, 
and branches in the extraplacental amniotic membranes (some-
times for several centimeters) before entering the placenta. The 
blood vessels are not protected by Wharton´s jelly in this type of 
abnormal insertion. Vasa previa is a form of velamentous cord 
insertion in which the velamentous vessels traverse the fetal 
membranes on or near the internal os. The vessels traverse the 
lower uterine segment and present in advance of the fetal pre-
senting part. In a furcate umbilical cord, the cord branches into 
two or three vessels above the chorionic plate in proximity to the 
placenta and these vessels are not protected by Wharton´s jelly 
but are instead surrounded by amniotic epithelium alone.

The lack of protective Wharton´s jelly and presence of 
intramembranous vessels renders the umbilical vessels prone 
to compression and rupture, particularly if the insertion is 
velamentous or furcate.

The vulnerability for compression and rupture increases 
the risks for fetal compromise due to impairment of fetopla-
cental perfusion or because of fetal hemorrhage. Pregnancies 
complicated by velamentous cord insertion have been shown 
to be associated with 1.5-fold to 4-fold greater risks of prematu-
rity, low birth weight, and small gestational age.1 An association 
between velamentous insertion and structural anomalies within 
the fetus has been reported.2 The presence of vasa previa is asso-
ciated with a high risk for fetal mortality, as the unsupported 
fetal vessels below the fetal presenting part are easily com-
pressed or ruptured when uterine contractions or membrane 
rupture occurs. Risk factors for the presence of vasa previa are 
a low-lying placenta or placenta previa, placental succenturi-
ate lobes or bilobed placentas, velamentous insertion, multiple 
gestation, and pregnancies conceived by in-vitro fertilization.3-5

In approximately 7 percent of pregnancies the insertion of 
the cord is marginal, which is the most frequent cord inser-
tion anomaly. The rate of velamentous insertion is reported 
to range from 1/60 to 1/200 in singleton pregnancies, and is 
10-fold higher in multiple pregnancies.6,7 Furcate insertion is 
one of the rarest insertion anomalies, occurring with an inci-
dence of about 0.1 percent. The incidence of vasa previa is esti-
mated to be one in 1,200 to 5,000 pregnancies.3,8

Treatment: The key to management of umbilical cord inser-
tion anomalies is early recognition by prenatal ultrasonogra-
phy followed by continuous intensive sonographic and color 

Fig. 36.8.1 Umbilical cord insertions: A: Central. B: Eccentric. C: Marginal. D: Velamentous.
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Doppler surveillance throughout all three trimesters. Frequent 
fetal heart rate monitoring is required in the late third trimes-
ter. It is important to recognize vessel compression and to 
anticipate and avoid the rupture of umbilical vessels. Delivery 
should, in case of vasa previa, be achieved by cesarean section.9

Prognosis: The presence of undiagnosed vasa previa leads to 
an obstetric emergency with a high rate of fetal mortality caused 
by vessel rupture and hemorrhage. In a study in which 155 
cases of vasa previa were reviewed, the neonatal survival rate 
was 97 percent in women who were diagnosed with vasa previa 
antenatally and 44 percent in women who were not diagnosed.4 
The high fetal mortality due to vasa previa can be significantly 
reduced by antenatal diagnosis and elective cesarean section.
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36.9 VascUlar anomalies of tHe Umbilical cord

(Single Umbilical Artery, Persistent Right Umbilical Vein)

Definition: The normal number of umbilical vessels is three: two umbilical arteries and one umbilical vein. Missing or addi-
tional umbilical vessels or a combination of both are represented in this group of anomalies.

ICD9/ICD10: 747.5/Q27.0 Syndrome Associations (Appendix)
Sirenomelia

Birth prevalence: single artery: 1/200, two 
veins: 1/500–1/1,200

Associated anomalies: urogenital and cardiovascular 
anomalies

Laboratory studies: none

Prenatal diagnosis: ultrasonography, color Doppler 
sonography

Cause: primary agenesis or secondary atrophy of an 
existing vessel, vessel persistence due to the lack of 
regression

The normal number of umbilical vessels is three: two umbilical 
arteries, which carry deoxygenated blood from the fetal body 
to the placenta, and one umbilical vein that delivers oxygenated 
blood from the placenta to the fetus. The definitive umbilical 
vasculature is derived from early embryonic allantoic vessels. 
A second embryonic vasculature, the vitelline or omphalomes-
enteric circulation, regresses under normal circumstances by 
about six weeks postconception. The umbilical arteries arise 
from the anterior branch of the internal iliac arteries, coursing 
laterally to the respective side of the fetal bladder before they 
enter the umbilical cord via the umbilicus. The umbilical veins 
are initially paired structures before the right vein regresses. 
The vein enters the fetal circulation through the ductus veno-
sus, delivering oxygenated blood into the inferior vena cava. 
The umbilical vein and the umbilical arteries within the cord 

form vascular helices (spirals). Left spirals are six or seven 
times more frequent than right spirals (seen from the placenta). 
Prenatally the number of umbilical vessels is assessed by ultra-
sonography. Color Doppler and spectral Doppler sonography 
are used for more detailed assessment of the blood flow.

A single umbilical artery cord contains only two vessels, 
the umbilical vein and a single umbilical artery (SUA) (Fig. 
36.9.1). If the SUA is an isolated finding, the return blood flow 
to the placenta is usually not compromised. The lumen of the 
single artery is usually increased for compensation.1 A SUA can 
be diagnosed at the end of the first trimester, and its finding 
should prompt further sonographic evaluation for additional 
fetal structural anomalies. If the SUA is confirmed to be an 
isolated finding, there is no significant association with fetal 
growth impairment or increased perinatal mortality. Studies on 
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aneuploidy are heterogeneous, but the risk for chromosomal 
anomalies is likely not increased if no additional fetal structural 
anomaly can be found.2,3 Primary agenesis or atrophy of an 
existing vessel due, for example, to a secondary obstruction by a 
thromboembolic event, is among the mechanisms of pathogen-
esis discussed. The clinical significance of a SUA is determined 
by its association with other structural anomalies. Fetal organ 
malformations, particularly urogenital, vascular, and cardiac 
defects, seem to be more frequently associated with SUA. The 
risk of chromosomal anomalies is increased if additional struc-
tural fetal anomalies are present.4 In case of a SUA, a detailed 
malformation scan is indicated and, if additional anomalies are 
present, chromosome analysis is proposed.

In cases of a persistent right umbilical vein (PRUV), the 
umbilical cord contains three vessels and in fact harbors two 
anomalies: the single remaining artery (usually of allantoic ori-
gin) and the PRUV. The latter can be diagnosed by ultrasonog-
raphy in the cross-sectional biometry of the upper abdominal 
part. The course of the PRUV can be intrahepatic or extrahe-
patic. An extrahepatic PRUV courses from the peritoneal sur-
face of the umbilicus inferiorly, then superiorly along the right 
side of the spine, where it may either enter into the inferior 
vena cava or bypass the liver and enter the right cardiac atrium 
directly.5 The ductus venosus is absent. This can result in an 
increased right cardiac load and consecutive cardiac insuf-
ficiency and hydrops fetalis. The more frequent intrahepatic 
variant has a normal venous insertion, and fetal development 
usually presents without complications. Other variations are 
also described.6 In about one-fourth of cases an association 
with other structural anomalies is described. The search for 
fetal malformations is indicated whenever a PRUV is found. In 
rare instances a four-vessel cord is reported.7

The incidence of SUA is estimated at about 0.5 percent in an 
unselected cohort of patients. The incidence for a PRUV is not 
established, but incidences of 1/526 and 1:1,228 are reported.8,9

Prognosis: The prognosis of a confirmed isolated SUA is 
favorable. An associated risk for intrauterine growth restric-
tion and increased perinatal mortality is debated, but accord-
ing to recent meta-analyses there is no significant increase of 
risk.2,10 Prospective studies are not available. If associated fetal 
anomalies are detected, the prognosis depends on the type of 
malformation(s) and/or the underlying condition. The risk for 
chromosomal anomalies is increased in presence of additional 
fetal structural anomalies. In case of a PRUV, the prognosis is 
favorable if the venous insertion is normal (intrahepatic vari-
ant). The fetal development is usually normal. An extrahepatic 
PRUV can result in an increased right cardiac load and con-
secutive cardiac insufficiency and hydrops fetalis.
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Fig. 36.9.1 Umbilical cord vasculature. A: Normal three-vessel cord showing two arteries and a single vein. The latter vessel is larger than either of the arteries, 
and delicate elastic lamella can be identified within the subintimal zones (Verhoeff-van Gieson stain). B: SUA cord (type I) showing a single (allantoic) artery and a 
single umbilical vein (Verhoeff-van Gieson stain). C: Type III SUA containing two veins (left umbilical vein and right persistent umbilical vein) and a single (allantoic) 
derived artery. Inset: Intimal region of persistent right umbilical vein showing delicate, elastic lamellae (arrows, Verhoeff-van Gieson stain, X 120).
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36.10 Umbilical cord cYst

(Umbilical Cord Allantoic Cyst, Umbilical Cord Omphalomesenteric Cyst, Amniotic Inclusion Cyst, Pseudocyst)

Definition: Single or multiple spaces within the umbilical cord that are embryological remnants of the omphalomesenteric 
duct or allantois (true cysts) or are pseudocysts.

ICD9/ICD10: none Syndrome Associations (Appendix)
None

Birth prevalence: not known

Associated anomalies: omphalocele, urachus fistula, 
intrauterine growth restriction and other structural 
anomalies

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: embryological remnants of the omphalomesenteric 
duct or allantois

Umbilical cords cysts are classified as true cysts and pseu-
docysts. The differentiation between the two types relies on 
the presence of a lining epithelium. True cystic lesions of the 
umbilical cord are embryological remnants by persistence 
and/or dilation of the omphalomesenteric (vitelline) duct or 

the allantois, or they are due to vascular malformations. The 
omphalomesenteric cyst is lined by epithelium of gastroin-
testinal origin and the allantoid cyst by a flattened or occa-
sionally transitional epithelium. Amniotic inclusion cysts 
represent amniotic epithelium that has been entrapped within 

Fig. 36.10.1 A: Umbilical cord showing conspicuous enlargement (arrows) of the proximal region due to herniation of small bowel. A small cyst (C) is present on the 
right. B: At higher magnification, the cyst wall is thin (arrows) and contains clear fluid. Histologic studies showed a single layer of amnion-like cells composing the 
inner lining of the cyst.
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the umbilical cord during its formation (Fig. 36.10.1). They are 
lined by amniotic cells and are fluid filled. Occasionally a nar-
row tract may extend from the cyst to the amniotic surface of 
the umbilical cord. The true cysts are usually located close to 
the fetal insertion of the umbilical cord and may vary in size. 
Pseudocysts are localized edema within the Wharton’s jelly 
region, or they are formed by cavitation as a result of mucoid 
degeneration of Wharton’s jelly. They lack an epithelial lining 
and contain clear mucoid material. In prenatal ultrasonog-
raphy, the cysts appear as a cystic structure close to the fetal 
abdomen. A  reliable identification of the different types of 
cysts by ultrasonography is not possible. The cysts are usually 
found by chance, but occasionally they may reach up to 50 mm 
in diameter.

Fetal anomalies found in association with umbilical cord 
cysts of allantoic origin include omphalocele, patent or dila-
tion of the urachus in the fetal abdomen, and hydronephro-
sis. Omphalomesenteric duct cysts may be associated with a 
Meckel diverticulum. The literature on umbilical cord cysts 
is sparse and mainly consists of case reports and small case 
series. In probably more than 20 percent cases of persisting 
umbilical cord cysts, fetal structural anomalies are found.1 
These pregnancies are at increased risk for a chromosomal 
disorder.

The prevalence of umbilical cord cysts is estimated at 
0.4 percent to 3.4 percent in the first trimester, but unknown 
in the second trimester.2,3 Pseudocysts are more common than 
true cysts. Amniotic inclusion cysts are the least common cys-
tic abnormality of the umbilical cord.

Treatment: There is no specific treatment. If an umbili-
cal cord cyst is diagnosed by fetal ultrasonography, the fetus 
should be monitored for additional structural anomalies.

Prognosis: Cysts that are detected in the first trimester often 
resolve spontaneously and have a favorable prognosis if they 
are an isolated finding.4,5 However, their presence should initi-
ate a thorough evaluation of the umbilicus, median ligament, 
and urinary bladder. Risk factors for an unfavorable outcome 
are large irregular cysts that are localized close to the fetal or 
placental insertion and persist into the second trimester. 3 Fetal 
structural anomalies and chromosome anomalies are associ-
ated in probably more than 20 percent in these cases, and fetal 
outcome depends on the individual prognosis of these anoma-
lies.1 A rare complication may be the development of a vascu-
lar compression by an expanding cyst.
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36.11 Umbilical cord Hernia

Definition: Displacement of abdominal organs through the umbilical ring and into the proximal umbilical cord after 11 
weeks of gestation.

ICD9/ICD10: 762.6/P02.6 Syndrome Associations (Appendix)
None

Birth prevalence: approximately 1/3000

Associated anomalies: abnormalities of the caudal 
abdominal fold

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: Occurrence of a persisting, patent vitelline duct 
into the proximal cord or, less commonly, the complete 
prolapse of the vitelline duct and the ileum into the cord

The rapid growth of the intestine in the first trimester leads to 
a protrusion of intestinal loops into the umbilical cord. This 
physiological hernia can be observed between seven and 11 
weeks of gestation. In ultrasonography it appears as a hyper-
echogenic mass at the fetal umbilical cord insertion.1,2 The 
maximal expansion of the physiologic hernia can be observed 

during week 10 of gestation. During the 10th and 11th gesta-
tional week there is a retraction of the intestinal loops into the 
fetal abdominal cavity. A physiological hernia should not be 
observed after the end of the 11th gestational week.

Occurrence of an umbilical cord hernia after 11 weeks is 
most likely due to a segment of persisting, patent vitelline duct 
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into the proximal cord or, less commonly, the complete pro-
lapse of the vitelline duct and the ileum. Failure of the ventral 
abdominal wall musculature (rectus abdominis) to approxi-
mate and to close the umbilical ring after reduction of the 
physiological hernia may be found.

The hernia allows a varying amount of omentum or bowel 
to herniate into the base of a normally inserted umbilical cord 
with intact skin covering the ring. The wall of the umbilical 
cord hernia consists of umbilical cord tissues, and its external 
surface and protruding tissue is covered with amniotic mem-
brane (Fig. 36.11.1). An umbilical cord hernia can be con-
fused with an omphalocele, but the primary defect to cause 
an omphalocele is most likely an abdominal wall defect that 
involves the umbilical ring and the lateral abdominal folds. 
Failure of return of the intestinal loops into the body cavity 
during the 10th week of gestation has also been suggested, 
caused by reduced intraabdominal volume that does not 

provide enough space to allow for the complete return of the 
intestines into the body cavity. The content of an omphalocele 
is covered by amnion on the outside and peritoneal membrane 
on the inside.3,4

A combination of the presence of both—an umbilical cord 
hernia and an omphalocele—has been described. An umbili-
cal cord hernia is usually smaller, but if these defects are large 
they may be accompanied by massive protrusion of abdominal 
contents or with other closure defects of the caudal fold, such 
as exstrophy of the bladder.

Umbilical hernias, in contrast, are covered by skin and are 
often associated with an abnormal attachment of the round 
ligament onto the ring and a lack of closure of the ring by the 
fascia. Approximately 5 percent of individuals have neither the 
round ligament nor the umbilical fascia closing their umbilical 
ring, accounting for direct umbilical hernias. Indirect umbili-
cal hernias occur when the round ligament fails to close the 
ring, and the ring is partly covered by the umbilical fascia.

Umbilical cord hernias are rare and may occur in approxi-
mately 1/3,000 livebirths. Umbilical hernias are the most com-
mon abnormalities in children. Their prevalence ranges from 
4 percent to 20 percent in Caucasian infants at birth, and has 
been reported as frequent as 32 to 40  percent in infants of 
African origin. 5,6

Treatment: Examination of the proximal segments of the 
umbilical cord by prenatal ultrasonography should detect 
fetuses with significant enlargement. Cords should be carefully 
examined at birth and clamped distal to the hernia. Surgical 
treatment is usually indicated. In umbilical hernia, spontane-
ous regression and closure usually occurs by three to five years 
of age in up to 90 percent of hernias less than 1 cm in diameter. 
Size is an important determinant of spontaneous closure.

Prognosis: The outcome of patients with an umbilical cord 
hernia is generally favorable, if amenable to surgical treatment. 
However, it may depend on the size of the defect and possible 
bowel injury. If there are other associated anomalies the overall 
prognosis also depends on their nature.
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Fig. 36.11.1 Umbilical cord hernia. Cross section showing loops of small 
bowel (G) within peritoneum-lined cavity (arrows) in parenchyma of cord. The 
umbilical arteries (A) and vein (V) are displaced laterally. The wall of the hernia 
sac is composed of compressed, normal components of the umbilical cord. 
Amnion (Am) covers the surfaces of the hernia sac.
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36.12 Umbilical cord torsion

(Umbilical Cord Twist)

Definition: One or more complete rotations (3600) of the fetus and cord about its longitudinal axis, which may result in com-
pression deformation of the cord contents.

ICD9/ICD10: 762.5/P02.5 Syndrome Associations (Appendix)
None

Birth prevalence: unknown, estimated at 1/1000

Associated anomalies: signs of vascular compromise in 
the fetus or newborn

Laboratory studies: none

Prenatal diagnosis: ultrasonography, color Doppler 
sonography

Cause: movement of the fetus in the amniotic cavity, 
rotation of 3600 or more of the fetus and cord about the 
longitudinal axis

Fig. 36.12.1 Umbilical cord (UC) torsion. A: Most commonly, UC torsion (T) occurring after fetal death involves the cord in the proximal most segment near the 
umbilicus. B: Rarely, torsion occurs in a segment of cord distal to the umbilicus. UC torsion occurring after fetal death is not associated with vascular congestion 
and discoloration of the cord as in A and B. C: Torsion with vascular obstruction prior to fetal death is associated with cord enlargement and signs of vascular 
congestion (especially involving the umbilical vein).
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To allow fetal movement without vascular compromise, the 
umbilical cord blood vessels are dispersed in a helical manner 
and are surrounded by protective Wharton’s jelly. However, 
umbilical cord vessels may become compromised when the fetus 
rotates within the amniotic cavity. Umbilical cord torsion refers 
to a specific focus of hypertwisted cord resulting in a sharply 
angulated blood flow.1 Umbilical cord torsion of clinical signifi-
cance results in partial or complete obstruction of blood flow 
within the umbilical vein, the arteries, or both (Fig. 36.12.1).

The most common location of cord torsion is at the fetal 
pole, where Wharton jelly is physiologically deficient relative 
to the remainder of the cord. Only rarely it has been reported 
to be clinically significant when occurring near the placental 
end.2 It is estimated that in about half of cases umbilical cord 
twist may produce signs of vascular obstruction.

The umbilical cord coils as umbilical vessels lengthen by 
spiraling around one another. Whereas hypercoiled umbili-
cal cords exhibit sequential coils of angular flow, umbilical 
cord torsion may occur in the absence of general overcoiling. 
In cases of stillbirth exhibiting cord torsion without another 
identifiable cause, opinions are divided regarding the prob-
ability that cord torsion can be fatal. Some suggest that torsion 
is a postmortem phenomenon. Evidence of thrombosis, fibro-
sis, or mineralization of the twisted segment may support the 
antenatal onset of the constriction.

Other mechanisms such as hypercoiling of the cord, 
nuchal cords, and true knots also lead to umbilical blood flow 
restriction which may cause stillbirth. It is questioned whether 
cord torsion also belongs to this group. Hypercoiling of the 
cord is associated with increased incidence of fetal demise, 
intrapartum fetal heart rate decelerations, surgical delivery 
for fetal distress, anatomic or karyotypic abnormalities, and 
chorioamnionitis. Hypercoiling of the cord is also associated 

with increased incidence of fetal growth restriction, vascular 
thrombosis, and cord stenosis.3 It is not clear whether abnor-
mal coiling is actually a cause of pathology or merely its con-
sequence, or both, and the same is true for umbilical cord 
torsion.

Umbilical cord torsion of clinical significance seems to be 
extremely rare. The incidence is not fully established, but cord 
torsion in general appears to be observed in about 1/1,000 
births. The incidence is reported to be higher in studies includ-
ing stillborns and early pregnancies, for example, up to 15 per-
cent in fetuses weighing 500g or less.4

Treatment: not applicable.

Prognosis: If cord torsion is identified prenatally by ultra-
sonography, more detailed fetal monitoring can be employed. 
Predispositions to cord torsion may include a long umbilical 
cord, polyhydramnios, multiple pregnancies, and fetal hyper-
kinesia, which may be recognized as risk factors. Cord torsion 
may or may not cause vascular compromise and its associated 
fetal signs. Recent in vitro studies were not able to predict how 
short or how twisted a cord must be clinically before umbilical 
blood flow is occluded.5
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36.13 Umbilical cord Helical Ulceration

Definition: Ulceration of the umbilical cord that develop in a linear and helical manner and overlie the helical spiral of either 
and umbilical artery or vein.

ICD9/ICD10: 762.6/PO2.6 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: sign of hemorrhage in amniotic 
fluid, congenital intestinal (duodenal or jejunal) atresia

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: unknown, but vascular reactivity, vascular spasms, 
gastric reflux or a primary epithelial anomaly have been 
suggested

Umbilical cord helical ulceration presents with intermittent 
areas of ulceration that follow the pattern of the vascular spi-
rals (Fig. 36.13.1). Signs of hemorrhage within the amniotic 

fluid may be detected by prenatal ultrasonography, at delivery, 
or on the surface of the cord. Bile staining of the umbilical cord 
and fetal membranes is present. Prenatal ultrasonography has 
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recently shown promise in visualizing fibrinous material in 
amniotic fluid and spots of bleeding in the tortuous windings 
of an ulcerative umbilical vein.1 Therefore, detection of wind-
ing vessels or a small amount of bleeding may enable predic-
tion of an imminent massive bleed.

The clinical consequences are dependent on the severity of 
the hemorrhage caused by the ulceration. Antenatal or perina-
tal signs of fetal anemia may be present, and hydropic changes 
have been reported.2 Cord ulceration, which results in the rup-
ture of umbilical cord vessels and massive intrauterine hemor-
rhage, may lead to fetal death.3

Congenital small bowel atresia has been associated with 
helical ulcerations of the umbilical cord. The atresias may be 
single or multiple and have been reported in the duodenum 
and in the jejunum.

The pathogenesis of umbilical cord ulcerations is unknown. 
The pathologic findings of umbilical cords in clinically 

diagnosed umbilical cord ulceration cases have been described 
in some reports.2-5 Degeneration of the Wharton’s jelly and the 
existence of macrophages were common findings, and necrotic 
umbilical vessels were observed in many cases.

Three possible etiologic mechanisms that could account 
for the ulcers and the intestinal atresia association were sug-
gested: vascular reactivity, gastric reflux, and a primary epithe-
lial defect.2 The possibility of prolonged vascular spasm might 
well account for both the helical ulcers and ischemic intestinal 
atresia.2 Gastric reflux may occur in utero due to duodenal or 
jejunal atresia. Components of bile are known to disrupt the 
amnionic sheath of the umbilical cord. A  primary epithelial 
defect could produce lesions in both the amnionic sheath of 
the cord and the intestine.6

Ulcerations of the umbilical cord are rare, but now more 
than 50 cases with an association of cord ulceration and intes-
tinal atresia have been reported worldwide.3,4 The incidence of 
the lesion is unknown. The frequency of umbilical cord ulcer-
ation in congenital intestinal atresia cases has been reported to 
range from 6.5 percent to 13.6 percent.3

Prognosis: An accurate prediction of fetal outcome is not 
possible and depends on the severity of hemorrhage. However, 
the risk for in utero exsanguination seems to be high in the 
presence of hemorrhage and associated intestinal atresia. 
Although umbilical cord ulceration seems to be rare, fetuses 
with proximal intestinal atresia should be monitored for asso-
ciated cord ulceration and signs of fetal anemia such as abnor-
mal heart rate or hemorrhage.
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Fig. 36.13.1 Umbilical cords showing linear ulcerations following the direction 
of arterial vascular spiraling (arrows). (Courtesy of Dr. Robert W. Bendon, 
Cincinnati Medical Center, Cincinnati, Ohio.)
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36.14 Umbilical cord disrUPtion

(Linear Disruption of Umbilical Cord)

Definition: Linear rupture or dissolution of the amniotic sheath covering the umbilical cord results in long expanses of freely 
exposed umbilical vessels devoid of Wharton’s jelly.

ICD9/ICD10: 762.6/PO2.6 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: none

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: loss of the amniotic cover and Wharton’s jelly

Linear disruption of the umbilical cord may occur within focal 
areas or extend the entire length of the umbilical cord (Fig. 
36.14.1). The abnormality may visualized by prenatal ultra-
sonography. It needs to be differentiated from smaller helical 
ulcerations of the umbilical cord as described in Entry 36.13.

Different etiologies—such as the primary absence or 
degeneration of Wharton’s jelly, incomplete fusion of the 
amniotic covering and the connecting stalk mesenchyme, or 
a rupture or dissolution of the umbilical cord amniotic sheath 
with secondary loss of Wharton’s jelly—have been suggested.1-3 
Meconium may play a role in amniotic disruption. The umbili-
cal vein continues to be surrounded by Wharton’s jelly; how-
ever, its amniotic covering sheath is either absent or shows 
extensive areas of disruption.

Linear disruption of the umbilical cord is extremely rare. 
No precise incidence is known.3

Treatment: No treatment or prevention measures are known.

Prognosis: All cases of linear disruption reported so far have 
been associated with acute fetal distress and perinatal death.3,4
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Fig. 36.14.1 Linear disruption of the umbilical cord showing “naked” umbilical 
arteries (UA) without supporting Wharton’s jelly. The umbilical vein (UV) 
continues to be surrounded by considerable Wharton’s jelly and matrix material 
(arrows).
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36.15 Umbilical cord diameter anomalies

Definition: Variations in the cross section measurement of the umbilical cord.

ICD9/ICD10: 759.9/PO2.6 Syndrome Associations (Appendix)
None

Birth prevalence: unknown

Associated anomalies: abnormality of placental weight 
and infant birth weight

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: increase in umbilical cord vessel diameter and 
decreased Wharton’s jelly volume

Although umbilical cord diameter (UCD) is rarely mea-
sured clinically, normograms for sonographic measure-
ments of UCD over gestation and postdelivery reference 
values for UCD across gestational age have been developed 
(Figs. 36.15.1, 36.15.2).1-5 Physiological increase of UCD with 

gestational age is described until the third trimester in both 
ultrasonographic and pathologic examination.2,5 Postdelivery 
UCD measurements are smaller, which may be a result of cord 
exsanguination and/or postnatal loss of fluid from Wharton’s 
jelly.5

Fig. 36.15.1 Human umbilical cord diameters in male fetuses at various stages of gestation. Hashed zone represents ±1 SD of the mean.

Fig. 36.15.2 Human umbilical cord diameters in female fetuses at various stages of gestation. Hashed zone represents ±1 SD of the mean.
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Components responsible for an increase or decrease of 
UCD are the umbilical cord vessels and Wharton`s jelly. An 
increase in the vessel area, specifically an increase in umbilical 
artery wall area, is responsible for thick UCDs, while a signifi-
cant decrease in Wharton’s jelly area accounts for thin UCDs.4 
As a result of specific pathologies such as umbilical cord 
edema, polyhydramnios, or fetal hydrops, UCD can be thick 
due to an increase of Wharton’s jelly water content.6 Localized 
enlargements of UCD may be related to neoplasms, vascular 
aberrations, hamartomatous tissue masses or regional edema, 

or abnormalities related to presence of the vitelline duct and/
or allantoic duct in the proximal cord (Fig. 36.15.3).

Thin umbilical cords have been associated with low placen-
tal weight, a single umbilical artery, and marginal umbilical cord 
insertion. UCD has been associated with birth weight at deliv-
ery.3,5 Prenatal ultrasonographic assessment of UCD, therefore, 
can contribute to predict adverse fetal or perinatal outcome.

Prognosis: Increased UCD is likely a function of increased 
umbilical vessel diameter, and decreased UCD a function of 
decreased Wharton’s jelly volume. UCD shows a strong asso-
ciation with placental weight and infant birth weight, suggest-
ing its contribution to fetal growth restriction.5
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36.16 anomalies of Umbilical cord seParation

Definition: Spontaneous detachment of the umbilical cord from the fetal abdominal wall or the placental plate before or dur-
ing delivery. Abnormalities of postnatal umbilical cord separation are either early or late separation of the umbilical cord from 
the abdominal wall.

ICD9/ICD10: 779.83, 762.61/P96.82, P02.6 Syndrome Associations (Appendix)
Leukocyte adhesion deficiency

Birth prevalence: unknown

Associated anomalies: no specific anomalies associated

Laboratory studies: none

Prenatal diagnosis: ultrasonography

Cause: heterogeneous genetic and environmental factors

The process of umbilical cord separation from the abdominal 
wall is poorly understood. Most studies suggest that normal 
umbilical cord separation is influenced by multiple heteroge-
neous genetic and environmental factors including method of 
delivery, gestational age, drying after birth, infection, necro-
sis, granulocyte activity, and other factors.1,2 The contribut-
ing role of leukocyte infiltration and genetic determinants is 
supported by the fact that delayed postnatal cord separation 
occurs in patients with the genetic condition of leukocyte 
adhesion deficiencies.3,4 Other mechanisms such as ischemic 

processes in the umbilical vessels may alter the physiological 
autolysis required for the ultimate separation of the cord from 
the abdominal insertion site. Collectively, existing data indi-
cate that umbilical cord separation is determined by an inter-
action of multiple factors. The exact incidences of antenatal 
and accelerated or delayed postnatal cord separation are not 
established.

Antenatal umbilical cord separation from the fetal abdomi-
nal wall (umbilicus) or from the placenta in the absence of trac-
tion avulsion is a rare event and is associated with fetal death.1,2 

Fig. 36.15.3 Umbilical cord artery with calcium deposition (arrows) within lumen 
causing localized enlargment.
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Incomplete detachment of the umbilical cord is also rare, but 
most infants (62 percent) survive. The diagnosis is established 
either in utero by ultrasonography or at the time of delivery 
by observing the fetus detached from the umbilical cord (usu-
ally within 4 cm of the abdominal wall) or the placental plate. 
A number of risk factors for antenatal detachment have been 
proposed, such as a short umbilical cord, exposed vessels as in 
velamentous insertion or vasa previa, and infections such as 
funisitis. Maceration or sclerosis of Wharton’s jelly seems to be 
a common component contributing to the exposure of vessels 
to occlusion by minimal traction or twisting.1,2

Postnatal cord separation may be said to be delayed when 
it occurs later than 14 days, and is clearly delayed when sep-
aration occurs after 21 days.5,6 There is an important varia-
tion in the mean time of separation, probably depending 
on multiple heterogeneous factors that are ill-defined. Most 
studies suggest a mean time of separation of about 7.4 days 
(SD ± 3.3). Other studies have found a somewhat longer 
mean time (e.g., 12.9 days).1 Vaginal delivery is associated 
with a shorter time of umbilical cord separation (12.9 days) 
than is cesarean section delivery (15.9 days). In twins, cord 
separation is most rapid in the first born (mean = 9.2 days) 
than in the second born (mean  =  10.0  days).7 In general, 
severe infection and prematurity as well as leukocyte 

adhesion deficiency is considered to be related to delayed 
cord separation.

Treatment: The treatment depends on the underlying cause 
if identified.

Prognosis: The prognosis depends on the timing of the sepa-
ration and the associated risk factors. In case of an infection, 
the prognosis is determined by the treatment of the infection 
and postnatal umbilical care.
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APPENDIX |  SYNDROMES ASSOCIATED WITH MALFORMATIONS  

AND RELATED ANOMALIES

These brief syndrome vignettes were composed using the cur-
rent genetics and dysmorphology literature, Online Mendelian 
Inheritance in Man, GeneReviews®, Clinical Genomic Dabatase, 
and several authoritative texts—Smith’s Recognizable Patterns 
of Human Malformations (ed 7, KL Jones, MC Jones, M del 
Campo, 2013), Bone Dysplasias (ed 3, JW Spranger, PW Brill, G 
Nishimura, A Superti-Furga, S Unger, 2012), Atlas of X-Linked 
Intellectual Disability Syndromes (ed 2, RE Stevenson, CE 
Schwartz, RC Rogers, 2012), Gorlin’s Syndromes of the Head 
and Neck (ed 5, RCM Hennekam, ID Krantz, JE Allanson, 
2010), and Genetic Skin Disorders (ed 2, VP Sybert, 2010). 
Considerable greater details on the syndromes may be found in 
these sources, including updates on clinical features and involved 
genes in web-based resources.

3MC syndrome 1 (Malpuech, Michels, Mingarelli, and 
Carnevale syndromes). OMIM 257920. Autosomal recessive. 
Gene: MASP1. Distinctive facial appearance (arched eyebrows, 
hypertelorism, blepharophimosis, blepharoptosis, cleft lip/
palate), postnatal growth restriction, intellectual disability, 
hearing loss, variable craniosynostosis, radioulnar synostosis, 
genitourinary and other anomalies.

17-alpha hydroxylase deficiency. OMIM 202110. 
Autosomal recessive. Gene:  CYP17A1. Congenital adrenal 
hyperplasia, with clinical presentations including a severe 
“salt-wasting” (with infantile-onset hypokalemic hypertension) 
form as well as undervirilization or ambiguous genitalia in 
46,XY individuals, primary or secondary amenorrhea in 46,XX 
individuals, and mineralocorticoid excess.

17-beta-hydroxysteroid dehydrogenase III deficiency. 
OMIM 264300. Autosomal recessive. Gene: HSD17B3. Female 
or ambiguous external genitalia with male gonads in 46,XY 
individuals; females may present in puberty with manifesta-
tions related to androgen excess.

3-beta-hydroxysteroid dehydrogenase deficiency. OMIM 
201810. Gene:  HSD3B2. Congenital adrenal hyperplasia with 
severe “salt-wasting” forms, 46,XY individuals with anomalies 
ranging from hypospadias to ambiguous genitalia, less marked 
virilization than in other types of congenital adrenal hyperplasia.

46, XX testicular disorder of sex development. OMIM 
278850, 300833, 400045, 611812. Autosomal dominant/
Autosomal recessive/Y-linked. Genes:  RSPO1, SOX9, SRY, 
WNT4 (can involve cytogenetic anomalies). Phenotypes of dis-
orders of sex development can range from complete sex rever-
sal to ambiguous genitalia and a combination of genitourinary 

anomalies and can affect non-genitourinary characteristics 
(e.g., body habitus, breast development). Some forms (e.g., 
with mutations in RSPO1 or WNT4) can include additional 
features such as palmoplantar hyperkeratosis or other major 
organ malformations.

46, XY complete gonadal dysgenesis. OMIM 233420, 
154230, 300018, 400044, 612965, 613080, 613762. Autosomal 
dominant/Autosomal recessive/X-linked recessive/Y-linked. 
Genes: AKR1C2, CBX2, DAX1, DHH, MAP3K1, NR5A1, SRY 
(can involve cytogenetic anomalies). Phenotypes of disorders of 
sex development can range from complete sex reversal to ambig-
uous genitalia and a combination of genitourinary anomalies 
and can affect non-genitourinary characteristics (e.g., body hab-
itus, breast development). Some forms (e.g., with mutations in 
NR5A1) can include additional features such as adrenal failure.

5-alpha-reductase deficiency. OMIM 264600. Autosomal 
recessive. Gene: SRD5A2. Female or ambiguous genitalia with 
male gonads in 46,XY individuals.

Aarskog syndrome (Aarskog-Scott syndrome). OMIM 
305400. X-linked recessive. Gene:  FGD1. Distinctive facial 
appearance (widow’s peak, hypertelorism, short nose), short 
stature, joint hyperextensibility, brachydactyly, shawl scrotum, 
wide range of intellectual ability.

Aase anemia syndrome (see Diamond-Blackfan syndrome).
Acardia (Twin reversed arterial perfusion). Absence of the 

heart and cephalic structures in a twin whose arterial supply is 
pumped from co-twin; can occur in conjoined twins when one twin 
receives less blood supply due to placental vascular anastomoses.

Acheiropodia. OMIM 200500. Autosomal recessive. 
Gene:  LMBR1. Absence of the hands and feet with variable 
deficiency of the proximal or middle limb segments.

Ackerman syndrome. OMIM 200970. Cause unknown. 
Pyramidal, taurodont, or fused molar roots, distinctive facial 
appearance (thick and wide philtrum, full upper lip without 
Cupid’s bow), variable glaucoma.

Acrodental dysostosis (see Weyers acrofacial dysostosis).
Acrodysostosis. OMIM 101800, 614613. Autosomal dominant. 

Genes:  PDE4D, PRKAR1A. Skeletal dysplasia with short stature, 
brachydactyly, facial dysostosis, spinal stenosis, nasal hypoplasia, 
variable multiple hormone resistance, variable intellectual ability.

Acrofacial dysostosis (Nager type). OMIM 154400. 
Autosomal dominant. Gene: SF3B4. Distinctive facial appear-
ance (including malar hypoplasia and severe micrognathia), 
limb anomalies (especially radial anomalies, including radial 
aplasia, radioulnar synostosis, thenar aplasia or hypoplasia).
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Achondrogenesis. OMIM 200600, 600972, 200610. 
Autosomal recessive. Genes:  IA-TRIP11, IB-DTDST, 
II-COL2A1. Lethal chondrodysplasia with short trunk and 
limbs, large head, prominent abdomen, and radiographic 
abnormalities (short tubular bones with concave ends, metaph-
yseal spurs, rib fractures, failure of vertebral bodies, sacrum, 
pubes, and ischia to ossify). No rib fractures in types IB and II.

Achondroplasia. OMIM 100800. Autosomal dominant. 
Gene: FGFR3. Macrocephaly with prominent forehead, hydro-
cephalus, depressed nasal bridge and midface, rhizomelia, 
trident hand, and radiographic abnormalities (short tubular 
bones, large calvaria, small foramen magnum, short vertebral 
pedicles, failure of interpedicular measurement to widen in the 
lumbar area, radiolucent proximal femur and humerus).

Acrocallosal syndrome. OMIM 200990. Autosomal reces-
sive. Gene:  KIF7. Ciliopathy with structural brain anomalies 
(corpus callosum agenesis, Dandy-Walker malformation), 
intellectual disability, distinctive facial appearance (macro-
cephaly with prominent forehead, hypertelorism), postaxial 
polydactyly of the hands, preaxial polydactyly of the feet. See 
also Joubert syndrome.

Acrofacial dysostosis (1, Nager type). OMIM 154400. 
Autosomal dominant. Gene: SF3B4. Distinctive facial appear-
ance (downslanted palpebral fissures, midface hypoplasia, 
micrognathia), limb malformations including absent, hypo-
plastic, or triphalangeal thumbs, radial hypoplasia or aplasia, 
radioulnar synostosis, occasional upper limb phocomelia and 
lower limb anomalies.

Acro-renal disorders (see Townes-Brock syndrome, 
Okohiro syndrome).

Adams-Oliver syndrome. OMIM 100300, 614219, 
614814, 615297, 616028. Autosomal dominant/autosomal 
recessive. Genes:  ARHGAP31, DOCK6, EOGT, NOTCH1, 
RBPJ. Aplasia cutis congenita (usually limited to the scalp), 
terminal transverse limb deficits, variable additional cardio-
vascular anomalies.

Aicardi syndrome. OMIM 304050. X-linked recessive. 
Severe cognitive impairment, corpus callosum agenesis, cor-
tical heterotopias, lacunar chorioretinopathy, anomalies of 
ribs and vertebrae, seizures, microcephaly, microphthalmia, 
colobomas, iris synechiae, optic atrophy, ventriculomegaly in 
some cases.

Agenesis of the corpus callosum-peripheral neuropathy 
(Andermann syndrome). OMIM 21800. Autosomal recessive. 
Gene:  SLC12A6. Corpus callosum agenesis, intellectual dis-
ability with progressive polyneuropathy, and distinctive facial 
appearance (hypertelorism, high-arched palate), syndactyly.

Aglossia-adactyly (see Hypoglossia-hypodactylia).
Agnathia-otocephaly complex. OMIM 202650. 

Autosomal dominant. Gene:  PRRX1. Mandibular hypoplasia 
or agnathia, melotia, microstomia with oroglossal hypoplasia 
or aglossia; can occur with holoprosencephaly and other struc-
tural organ anomalies.

Alagille syndrome. OMIM 118450, 610205. Autosomal 
dominant. Genes: JAG1, NOTCH2. Intrahepatic bile duct paucity 
with cholestasis, distinctive facial appearance, cardiac, ophthal-
mologic (posterior embryotoxon/anterior segment abnormali-
ties and retinitis pigmentosa), renal, and skeletal anomalies.

Al-Awadi/Raas-Rothschild syndrome. OMIM 276820. 
Autosomal recessive. Gene:  WNT7A. Major limb reduc-
tion defects with increasing proximal-distal severity (upper 
limbs—absence of ulna, oligodactyly; lower limb—femorotibial 
synostosis/bifid femur, absent fibula, absence or hypoplasia 
of toes), contractures, absent or hypoplastic nails, anterior 
placement of genitalia, absent kidney, diaphragmatic hernia, 
gastrointestinal anomalies. Fuhrmann syndrome is an allelic 
but milder condition. Distinction from Schinzel phocomelia 
(in which the long bones are absent/hypoplastic but the hands 
and feet relatively normal) is controversial.

Albinism. OMIM 203100, 203200, 203280, 278400, 300700. 
Autosomal recessive. Genes:  TYR, OCA2, TYRP1, SLC45A2, 
GPR143, SLC24A5, C10ORF11. Absence or decreased pigment in 
skin, hair, and iris, vision impairment, nystagmus, photophobia.

Albright hereditary osteodystrophy. OMIM 103580, 
612463. Dominant, involving imprinting. Gene:  GNAS. 
Impaired response to parathyroid hormone, with low serum 
calcium, high serum phosphate, and high serum parathyroid 
hormone; clinical features include short stature, obesity, round 
face, subcutaneous ossifications, brachydactyly, other skeletal 
anomalies, variable intellectual ability.

Al-Gazali syndrome. OMIM 609465. Autosomal reces-
sive. Growth deficiency, anterior chamber dysgenesis, large 
joint contractures, camptodactyly, club foot, fractures, lethal 
in infancy.

Allan-Herndon-Dudley syndrome. OMIM 300523. 
X-linked recessive. Gene:  SLC16A2 (MCT8). Generalized 
muscle hypoplasia, hypotonia progressing to spasticity, ataxia, 
athetosis, dysarthria, elevated serum free and total triiodothy-
ronine, distinctive facial appearance (bitemporal narrowing, 
large and abnormally folded ears, midface hypoplasia), pectus 
excavatum in some cases.

Alpha-1-antitrypsin deficiency. OMIM 613490. 
Autosomal recessive. Gene: SERPINA1. Cholestasis, cirrhosis, 
adult-onset emphysema.

Alpha-thalassemia-intellectual disability syndrome, 
X-linked (ATR-X). OMIM 301040. X-linked recessive. 
Gene:  ATRX. Microcephaly, distinctive facial appearance 
(frontal upsweep, hypertelorism, small/triangular nose with 
retracted columella, tented upper lip, prominent/everted lower 
lip), genitourinary anomalies, intellectual disability, short 
stature with minor skeletal anomalies, mild anemia due to 
alpha-thalassemia.

Alström syndrome. OMIM 203800. Autosomal recessive. 
Gene:  ALMS1. Retinitis pigmentosa, sensorineural hearing 
loss, hyperinsulinemia and childhood obesity and type 2 dia-
betes mellitus, dilated cardiomyopathy in childhood (variable 
onset), progressive systemic fibrosis and renal failure, pulmo-
nary, hepatic, and urologic dysfunction.

Alveolar capillary dysplasia with misalignment of 
pulmonary veins. OMIM 265380. Autosomal dominant. 
Gene: FOXF1. Failure of capillary formation and ingrowth with 
accompanying vascular and alveolar anomalies. May include 
multiple congenital anomalies, affecting cardiovascular, gas-
trointestinal, genitourinary, and musculoskeletal systems.

Amastia with ureteral triplication and dysmorphism. 
OMIM 104350. Possibly autosomal dominant. Amastia, 
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ureteral triplication, distinctive facial appearance (hyper-
telorism, epicanthal folds, downslanting palpebral fissures, flat 
nasal bridge, dysplastic, low-set ears, high-arched palate), vari-
able other anomalies.

Amelocerebrohypohidrotic syndrome (see Kohlschutter-
Tonz syndrome).

Amniotic band syndrome. OMIM 217100. Sporadic. 
Multifactorial. Craniofacial anomalies (cranial lobations, atyp-
ical facial clefts), skeletal anomalies (constriction rings, ampu-
tations, syndactyly), see also limb-body wall complex.

Amyoplasia. Sporadic. Specific type of arthrogryposis 
usually with extended elbows, four-limb involvement, severe 
talipes equinovarus, variable gastroschisis, terminal transverse 
limb loss.

Andermann syndrome. (see Agenesis of the corpus 
callosum-peripheral neuropathy).

Androgen insensitivity. OMIM 300068. X-linked reces-
sive. Gene: AR. 46,XY males with full androgen insensitivity 
manifest with female external genitalia, breast development, 
blind vagina, absent uterus and female adnexa, and abdomi-
nal or inguinal testes; partial androgen insensitivity results in 
hypospadias, micropenis, and gynecomastia.

Angelman syndrome. OMIM 105830. Deficient expres-
sion of maternally inherited UBE3A allele within chromosome 
15q11.2-q13 due to maternal deletions, paternal uniparental 
disomy, UBE3A mutations, imprinting defects. Genes: UBE3A 
(also CDKL5, MECP2). Microcephaly, intellectual disability 
with seizures, gait ataxia, happy demeanor.

Anhidrotic ectodermal dysplasia with immune defi-
ciency. OMIM 300301. X-linked recessive. Gene:  IKBKG 
(NEMO). Anhidrotic ectodermal dysplasia osteopetrosis, 
lymphedema, osteopetrosis, immunodeficiency (described 
patients born to mothers with mild incontinentia pigmenti).

Anophthalmia (see Microphthalmia).
Antley-Bixler syndrome. OMIM 201750. Autosomal 

recessive. Gene:  POR. Steroidogenesis disorder with wide 
range of severity; can include craniosynostosis and radiohum-
eral synostosis as well as additional skeletal anomalies, hydro-
cephalus, distinctive facial appearance, choanal atresia or 
stenosis, renal anomalies, genitourinary anomalies (including 
ambiguous genitalia), and neurocognitive dysfunction.

Apert syndrome. OMIM 101200. Autosomal dominant. 
Gene:  FGFR2. Craniosynostosis, midface hypoplasia, hand 
and feet syndactyly (often including bony syndactyly). Can 
involve vertebral, cardiac, and gastrointestinal anomalies.

Aphalangy-hemivertebrae. OMIM 207620. Possibly auto-
somal recessive. Absence of digits, hemivertebrae, cardiac 
defects, genitourinary and gastrointestinal abnormalities.

AREDYLD syndrome, (see Ectodermal Dysplasia-  
Diabetes-Lipoatrophy).

Arhinia-choanal atresia-microphthalmia. OMIM 
603457. Microphthalmia, nasal aplasia/hypoplasia, choanal 
atresia, cleft lip/palate, variable other anomalies.

Arima syndrome. OMIM 243910. Autosomal recessive. 
Vision impairment, retinal dystrophy, cerebellar vermis agen-
esis, cystic kidneys, hepatic fibrosis or steatosis.

Aromatase excess syndrome. OMIM 139300. Autosomal 
dominant. Gene:  CYP19A1 (involves gene fusions). Early 

growth spurt and epiphyseal fusion, eventual short stature, 
male prepubertal gynecomastia, female isosexual precocity 
and macromastia.

Arthrogryposis. Multiple congenital contractures affect-
ing multiple body areas; more than 400 different types exist.

Arthrogryposis, renal dysfunction and cholestasis 1 
(ARC) (Nezelof syndrome). OMIM 208085. Autosomal reces-
sive. Genes: VPS33B, VIPAR. Multiple congenital contractures, 
renal dysfunction, cholestasis, liver disease, nephrocalcinosis.

Arts Syndrome. OMIM 301835. X-linked recessive. 
Gene:  PRPS1. Generalized paucity of muscles, hypotonia, 
weakness, ataxia, deafness, vision loss, seizures, areflexia, 
absent speech, intellectual disability.

ARX-associated XLID. OMIM 3000004, 3000215, 300419, 
308350, 309510. X-linked recessive. Gene:  ARX. Ten pheno-
types, linked by the presence of intellectual disability, including 
a seizure subgroup (West syndrome or XLID-infantile spasms, 
X-linked myoclonic epilepsy, Infantile epilepsy-dyskinesia, 
Ohtahara syndrome or Early Infantile epileptic encepha-
lopathy), a brain malformation subgroup (Proud syndrome 
or Agenesis of the corpus callosum with abnormal genitalia, 
X-linked lissencephaly with abnormal genitalia and hydra-
nencephaly with abnormal genitalia), a dystonia subgroup 
(Partington syndrome and tonic seizures with dystonia), and 
nonsyndromal XLID.

Aspartylglucosaminuria. OMIM 208400. Autosomal 
recessive. Gene:  AGA. Lysosomal storage disorder with pro-
gressive neurodegeneration, osteoporosis and joint hypermo-
bility, loose skin, distinctive facial appearance (square face 
with hypertelorism, small ears, short and broad nose, full lips).

Ataxia-deafness-dementia, X-linked. OMIM 301790. 
X-linked recessive. Optic atrophy, deafness, hypotonia, ataxia, 
seizures, tremors, neurological deterioration, and death in first 
decade.

Ataxia-telangiectasia. OMIM 208900. Autosomal reces-
sive. Gene:  ATM. Progressive cerebellar ataxia and neurode-
generation, oculocutaneous telangiectasias, immune defects 
(sinopulmonary infections), increased risk of malignancies.

Atelosteogenesis, type I. OMIM 108720. Autosomal dom-
inant. Gene: FLNB. Severe (typically lethal) chondrodysplasia 
rhizomelic dwarfism with elbow, hip, and knee dislocations; 
characteristic findings of atelosteogenesis include hypoplasia 
of the midthoracic spine, distal humeri, and femurs, lack of 
ossification of single hand bones, and degenerated chondro-
cytes encapsulated in fibrous tissue in cartilage.

Atelosteogenesis, type II. OMIM 256050. Autosomal 
recessive. Gene:  SLC26A2. Cleft palate, severely shortened 
limbs, small chest, scoliosis, talipes equinovarus, abducted 
thumbs and great toes. Allelic with De la Chapelle dysplasia, 
which has many similar features.

Atelosteogenesis, type III. OMIM 108720. Autosomal 
dominant. Gene:  FLNB. Less severe than Atelosteogenesis, 
type I; also includes characteristic findings of atelosteogenesis 
such as hypoplasia of the midthoracic spine, distal humeri, and 
femurs, lack of ossification of single hand bones, and degener-
ated chondrocytes encapsulated in fibrous tissue in cartilage.

Atkin-Flaitz syndrome. OMIM 300431. X-linked reces-
sive. Short stature distinctive facial appearance (macrocephaly, 
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large forehead, prominent supraorbital ridges, hypertelorism, 
broad nose, thick lower lip), broad short hands, tapered fin-
gers, macroorchidism, seizures, intellectual disability.

Auriculocondylar syndrome 3.  OMIM 615706. 
Autosomal recessive. Gene: EDN1. Abnormal development of 
first and second pharyngeal arch derivatives, with temporo-
mandibular joint and condyle anomalies and distinctive cra-
niofacial appearance (micrognathia, microstomia, prominent 
cheeks, question-mark ears).

Autoinflammation-lipodystrophy-dermatosis syn-
drome. OMIM 256040. Autosomal recessive. Gene:  PSMB8. 
Autoinflammatory disorder involving early onset of annu-
lar erythematous facial and limb plaques, later-onset par-
tial lipodystrophy, and immune dysregulation; can include 
basal ganglia calcifications, hepatosplenomegaly, joint con-
tractures, microcytic anemia, muscle weakness and atrophy, 
recurrent fever.

Axenfeld-Rieger syndrome. OMIM 180500, 602482. 
Autosomal dominant. Genes:  PITX2, FOXC1. Abnormal 
anterior segment eye development frequently resulting in 
glaucoma and subsequent blindness; can include dental 
hypoplasia, maxillary hypoplasia, and failure of involution of 
periumbilical skin.

Baller-Gerold syndrome. OMIM 218600. Autosomal 
recessive. Gene: RECQL4. Prenatal and postnatal growth defi-
ciency, variable intellectual ability, craniosynostosis, low-set 
posteriorly rotated ears, cardiac defects, renal anomalies, 
imperforate or anteriorly placed anus, absent or hypoplastic 
radius, curved ulna, oligodactyly with missing radial rays, 
absence or fusions of carpals and metacarpals.

Bannayan syndrome (see PTEN hamartoma syndrome).
Bannayan-Ruvalcaba-Myhre syndrome (see PTEN ham-

artoma syndrome, although the relationship between these 
conditions is unclear).

Baraitser-Winter syndrome. OMIM 243110, 614583. 
Autosomal dominant. Genes:  ACTB, ACTG1. Microcephaly, 
ptosis, arched eyebrows, hypertelorism, coloboma, anterior-  
posterior lissencephaly (with intellectual disability and sei-
zures), hearing loss.

Bardet-Biedl syndrome. OMIM 600151, 615995, 209900, 
615981, 615982, 615983, 615984, 615986, 615987, 615989, 
615991, 615996, 615994, 236700, 615990, 615993, 615988, 
615985, 615992. Autosomal recessive. Genes (variants in some 
may modify the effects of others rather than being primarily 
causative): ARL6, BBIP1, BBS1, BBS2, BBS4, BBS5, BBS7, BBS9, 
BBS10, BBS12, CCDC28B, CEP290, IFT27, LZTFL1, MKKS, 
MKS1, SDCCAG8, TRIM32, TTC8, WDPCP. Rod-cone dys-
trophy, renal anomalies (especially nephronophthisis, as well 
as glomerular disease), truncal obesity, postaxial polydactyly, 
hypogonadotrophic hypogonadism in males, complex genito-
urinary malformations in females, hypoplastic Fallopian tubes, 
uterus, and ovaries, duplex uterus, atretic or septate vagina, 
hydrocolpos/hydrometrocolpos, persistent urogenital sinus, 
vesicovaginal fistula; absent vaginal or urethral orifice, intel-
lectual disability, anomalies frequently affecting other organ 
systems (distinctive facial appearance, hepatic fibrosis, cardio-
vascular anomalies, dental anomalies, and diabetes mellitus). 
Multiple allelic conditions, including Meckel/Meckel-Gruber 

syndrome, McKusick-Kaufman syndrome, (apparently iso-
lated) Retinitis pigmentosa, and Senior-Loken syndrome share 
common features with Bardet-Biedl syndrome.

Bartsocas-Papas syndrome (Popliteal pterygium syn-
drome, lethal type). OMIM 263650. Autosomal recessive. 
Gene:  RIPK4. Multiple popliteal pterygia, ankyloblepharon, 
cleft lip/palate, filiform bands between the jaws, syndactyly 
and digital hypoplasia. Frequent early lethality.

Basal cell nevus syndrome (Nevoid basal cell carcinoma 
syndrome, Gorlin syndrome). OMIM 109400. Autosomal 
dominant. Genes:  PTCH1 (PTCH2, SUFU have been sug-
gested as well). Multiple jaw keratocysts, basal cell carcinomas, 
distinctive facial appearance (macrocephaly, coarse fea-
tures, facial milia), falx calcification, skeletal anomalies (bifid 
ribs, wedge vertebrae), cardiac and ovarian fibrosarcomas, 
medulloblastoma.

Beare-Stevenson syndrome. OMIM 123790. Autosomal 
dominant. Gene:  FGFR2. Craniosynostosis, ear anomalies, 
natal teeth, cutis gyrata, furrowed palms and soles, acantho-
sis nigricans, anogenital anomalies (bifid scrotum, prominent 
labial raphe, rugated labia majora, anteriorly placed anus), skin 
tags, prominent umbilical stump, accessory nipples, pyloric 
stenosis, intellectual disability.

Becker melanosis (nevus). Upper limb melanosis, with 
progressive enlargement, thickening, and hypertrichosis.

Becker nevus syndrome. OMIM 604919. Becker nevus 
and ipsilateral breast hypoplasia or other cutaneous or muscu-
loskeletal anomalies.

Beckwith-Wiedemann syndrome. OMIM 130650. 
Autosomal dominant. Genes/loci (involves imprinting 
abnormalities affecting chromosome 11p15.5):  NSD1, H19, 
KCNQ1OT1, CDKN1C. Omphalocele, renal anomalies, adre-
nocortical cytomegaly, visceromegaly, ear creases/pits, mac-
rosomia, macroglossia, hemihypertrophy, embryonal tumors, 
neonatal hypoglycemia.

Beckwith-Wiedemann syndrome/congenital hemihy-
pertrophy (see Beckwith-Wiedemann syndrome).

Biemond syndrome, type II. OMIM 210350. Iris colo-
boma, obesity, hypogenitalism, postaxial polydactyly, intellec-
tual disability; may represent a ciliopathy.

Bifurcated femur (see Gollop-Wolfgang syndrome).
Bladder exstrophy-epispadias complex. OMIM 600057. 

Typically sporadic. Anterior midline defect of infraumbilical 
abdominal wall, involving pelvis, urinary tract, external geni-
talia, variable additional anomalies.

Blepharophimosis-ptosis-epicanthus inversus syn-
drome. OMIM 110100. Autosomal dominant. Gene: FOXL2. 
Distinctive facial appearance (lack of expression, hypoplastic 
superior orbital ridges, small palpebral fissures, ptosis, hyper-
telorism, epicanthus inversus, hypoplastic, or fibrotic extra-
ocular muscles).

Bohring-Opitz syndrome. OMIM:  605039. Autosomal 
dominant. Gene: ASXL1. Intrauterine growth restriction, dis-
tinctive craniofacial appearance (including trigonocephaly, 
prominent metopic suture, exophthalmos, facial nevus flam-
meus, upslanting palpebral fissures), hirsutism, elbow and 
wrist flexion with wrist and metacarpophalangeal joint devia-
tion, severe intellectual disability.
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Boomerang dysplasia. OMIM 112310. Autosomal domi-
nant. Gene: FLNB. Lethal skeletal dysplasia with femoral bow-
ing; can include extraskeletal manifestations (encephalocele, 
omphalocele). Allelic disorders (Spondylocarpotarsal synosto-
sis, Larsen syndrome, Atelosteogenesis types I and III) involve 
a related spectrum of conditions.

Börjeson-Forssman-Lehmann syndrome. OMIM 
301900. X-linked recessive. Gene:  PHF6. Short stature, 
microcephaly, distinctive facial appearance (angular face 
with prominent cheekbones, deeply set eyes, large thick 
ears, small triangular nose), narrow shoulders, tapered fin-
gers, short toes, small genitalia, hypotonia, obesity, seizures, 
intellectual disability.

Brachial amelia-cleft lip-holoprosencephaly. OMIM 
601357. Brachial amelia, cleft lip, forebrain anomalies includ-
ing holoprosencephaly, variable additional anomalies.

Brachydactyly, type A1 (see Entry 2.3.). Brachydactyly, 
type B1 (see Entry 2.3d). Brachydactyly, type B2 (see Entry 
2.3d). Brachydactyly, Type C (see Entry 2.3e).

Branchio-oculo-facial syndrome. OMIM 113620. 
Autosomal dominant. Gene:  TFAP2A. Branchial cleft sinus 
defects, ophthalmologic anomalies (microphthalmia, lacrimal 
duct obstruction), cleft or pseudocleft lip/palate, frequent con-
ductive hearing loss.

Branchiootic syndrome. OMIM 602588. Autosomal 
dominant. Gene: EYA1, SIX1. Preauricular pits, dysplastic ears, 
microtia, dysplastic auricles, branchial cysts or fistulas, hearing 
loss (no renal anomalies).

Branchiootorenal syndrome. OMIM 113650. Autosomal 
dominant. Genes:  EYA1, SIX5. Preauricular pits, dysplastic 
ears, microtia, dysplastic auricles, branchial cysts or fistulas, 
hearing loss, renal anomalies.

Branchio-oto-ureteral syndrome (see Branchiootorenal 
syndrome).

Branchio-skeleto-renal syndrome (see Otofaciocervical 
syndrome).

Bruck syndrome. Autosomal recessive. OMIM 259450. 
Genes:  PLOD2, FKBP10. Multiple congenital contractures, 
bone fragility with frequent fractures.

Bullous congenital ichthyosiform erythroderma (BCIE). 
OMIM 113800. Autosomal dominant/autosomal recessive. 
Genes:  KRT1, KRT10. Blistering, reddening, and scaling at 
birth. Palmoplantar hyperkeratosis and warty thickening of 
the flexural areas appears later.

Buschke-Ollendorff syndrome. OMIM 166700. 
Autosomal dominant. Gene: LEMD3. Connective tissue nevi 
or subcutaneous nodules, osteopoikilosis.

C syndrome. OMIM 211750. Autosomal dominant. 
Gene:  CD96. Trigonocephaly, redundant skin, distinctive 
facial features (upslanting palpebral fissures, epicanthal folds, 
depressed nasal bridge, low-set, posteriorly angulated ears), 
variable cardiac anomalies, intellectual disability.

CAIS (see Androgen insensitivity).
Campomelic dysplasia. OMIM 114290. Autosomal domi-

nant. Gene: SOX9. distinctive facial appearance (macroceph-
aly, flattened facial profile, Pierre Robin sequence), shortened 
and bowed long bones, club feet, ambiguous or sex reversal in 
46,XY individuals.

Camptodactyly, arthropathy, coxa vara, and pericarditis 
synovitis. OMIM 208250. Autosomal recessive. Gene: PRG4. 
Distal congenital contractures, later-onset arthropathy, 
pericarditis.

Cantrell pentalogy (thoracoabdominal syndrome). 
OMIM 313850. Possibly X-linked. Omphalocele, anterior 
diaphragmatic hernia, cleft sternum, ectopia cordis, congeni-
tal heart defect (ventricular septal defect or left ventricular 
diverticulum).

CAKUT (see Congenital anomalies of kidney and urinary 
tract).

Camurati-Engelmann disease. OMIM 131300. Autosomal 
dominant. Gene: TGFB1. Skeletal dysplasia with cortical diaph-
yseal long bone hyperostosis, which can extend to the metaphy-
ses with disease progression, sclerotic changes of the skull base.

Cantu syndrome. OMIM 239850. Autosomal dominant. 
Gene:  ABCC9. Neonatal macrosomia, hypertrichosis, osteo-
chondrodysplasia (osteopenia, thickened calvaria, enlarged 
medullary canals, metaphyseal widening, narrow thorax with 
widened ribs and flattened or ovoid vertebral bodies, coxa 
valga), cardiomegaly, distinctive facial appearance (macro-
cephaly, coarse features, broad nasal bridge, epicanthal folds, 
wide mouth, full lips), variable intellectual disability.

Carbohydrate deficient glycoprotein syndrome, type Ia 
(see Congenital disorder of glycosylation, type Ia).

Cardiofaciocutaneous syndrome. OMIM 115150, 
615278, 615279, 615280. Autosomal dominant. Genes: BRAF, 
KRAS, MAP2K1, MAP2K2. Short stature, curly hair, coarse 
facial features, hypertelorism, downslanting palpebral fissures, 
ptosis, cardiovascular anomalies (septal defects, pulmonary 
valve stenosis, cardiomyopathy) pectus deformation, intellec-
tual disability, seizures.

Carey-Fineman-Ziter syndrome. OMIM 254940. 
Autosomal recessive. Variable head size, Moebius facies, micro-
gnathia, cleft palate, myopathy, variable intellectual disability.

Carney complex. OMIM 160980. Autosomal dominant. 
Gene:  PRKAR1A. Nevi, pigmented lesions of the skin and 
mucosa, atrial myxoma, neurofibromas, endocrine and non-
endocrine tumors.

Carpenter syndrome. OMIM 201000, 614976 Autosomal 
recessive. Genes: RAB23, MEGF8. Acrocephaly, craniosynos-
tosis, distinctive facial appearance, brachydactyly, polydactyly 
syndactyly, heart defects, umbilical hernia, growth retardation, 
hypogenitalism, obesity, intellectual disability.

Carpenter-Waziri syndrome (see Alpha thalassemia—  
intellectual disability).

Cartilage-hair hypoplasia. OMIM 250250. Autosomal 
recessive. Gene:  RMRP. Short stature with disproportion-
ate short limbs, joint hypermobility, abnormal spermatogen-
esis, anemia, fine hair, GI dysfunction, immunodeficiency, 
increased cancer risk. Spectrum including anauxetic dysplasia.

Casamassima syndrome. OMIM 271520. Autosomal 
recessive. Spondylothoracic dysplasia, imperforate anus, geni-
tourinary anomalies.

Catel-Manzke syndrome. OMIM 616145. Autosomal 
recessive. Gene:  TGDS. Pierre Robin sequence, bilateral sec-
ond finger radial deviation/hyperphalangy, with accessory 
bone between second metacarpal and proximal phalanx.
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Cat-eye syndrome. OMIM 115470. Duplication of 
22pter-q11. Ocular coloboma, cardiac malformation, imper-
forate anus, hypospadias and other urogenital anomalies, 
variable hypertelorism, downslanting palpebral fissures and 
micrognathia.

CATSHL syndrome. OMIM 610474. Autosomal domi-
nant/autosomal recessive. Gene: FGFR3. Features indicated by 
the acronym: Camptodactyly, Tall Stature, Hearing Loss.

Caudal dysplasia (see Entry 4.9)
Caudal dysplasia-sirenomelia (see Sirenomelia)
Caudal regression (see Entry 4.9)
CDAGS. OMIM 603116. Possibly autosomal recessive. 

Features indicated by the acronym: Craniosynostosis, Cranial 
Defects, Anal anomalies, Genitourinary abnormalities, Skin 
abnormality (porokeratosis).

Cenani-Lenz syndactyly syndrome. OMIM 212780. 
Autosomal recessive. Gene:  LRP4. Syndactyly, distal radius/
ulna, metacarpal and phalangeal malformations, renal anoma-
lies (renal hypoplasia or agenesis), distinctive facial appearance 
(prominent forehead, hypertelorism, downslanting palpebral 
fissures, micrognathia).

Cerebrocostomandibular syndrome. OMIM 117650. 
Autosomal dominant. Gene:  SNRPB. Growth deficiency, 
microcephaly, micrognathia, palate abnormalities, posterior 
rib gaps, intellectual disability.

Cerebrooculofacioskeletal syndrome. OMIM 214150. 
Autosomal recessive. Gene: ERCC6. Neurodegenerative disor-
der, with microcephaly, congenital cataracts, distinctive facial 
appearance (prominent nose, large ears, overhanging upper 
lip, micrognathia), wide intermamillary distance, arthrogry-
posis, severe intellectual disability.

Cerebro-oculo-genital syndrome. X-linked reces-
sive. Short stature, microcephaly, corpus callosum agenesis, 
microphthalmia, blepharoptosis, optic atrophy, retinal dyspla-
sia, genital anomalies, spasticity, joint limitations, club foot.

Cerebro-oculo-hepato-renal syndrome (see Arima 
Syndrome).

Cerebro-palato-cardiac syndrome (see Renpenning 
Syndrome).

Cervico-oculo-acoustic syndrome (see Wildervanck 
syndrome).

Chanarin-Dorfman syndrome. OMIM 275630. 
Autosomal recessive. Gene:  ABHD5. Congenital nonbullous 
ichthyosiform erythroderma with intracellular lipid droplets 
present in most tissues.

Char syndrome. OMIM 169100. Autosomal dominant. 
Gene: TFAP2B. Distinctive facial appearance (ptosis, flat nasal 
bridge with anteverted nares, short philtrum, prominent lips), 
patent ductus arteriosus, limb anomalies (e.g., symphalan-
gism, clinodactyly).

Charcot-Marie Tooth disease. OMIM 613287, 600794, 
616039, 615025, 606482, 614228, 607678, 609311, 611228, 
601472, 607831, 607706, 608340, 214400, 302800, 615185, 
605285, 606595, 608673, 614455, 613641, 118210, 601098, 
605588, 614436, 605589, 609260, 607791, 118200, 607677, 
607736, 601382, 601455, 607734, 607684, 300905, 615376, 
118220, 118300, 311070, 614895, 600882, 604563, 601596, 615490, 
608323, 616491. Autosomal dominant/Autosomal recessive/  

X-linked dominant/X-linked recessive. Genes: AARS, BSCL2, 
COX6A1, DHTKD1, DNM2, DYNC1H1, EGR2, FGD4, FIG4, 
GARS, GDAP1, GJB1, GNB4, HK1, HSPB1, HSPB8, INF2, 
KARS, KIF1B, LITAF, LMNA, LRSAM1, MED25, MFN2, 
MPZ, MTMR2, NAGLU, NDRG1, NEFL, PDK3, PLEKHG5, 
PMP22, PRPS1, PRX, RAB7A, SBF2, SH3TC2, TRIM2, YARS. 
Heterogeneous group of motor and sensory neuropathies, 
including demyelinating and axonal forms, as well as distal 
hereditary motor neuropathies; there is strong overlap between 
these conditions and many “allelic” conditions.

Charcot-Marie-Tooth neuropathy, Cowchock variant 
syndrome. OMIM 310490. X-linked recessive. Gene: AIFM1. 
Infantile-onset peripheral neuropathy, deafness, areflexia, 
intellectual disability in some individuals.

Charcot-Marie-Tooth neuropathy, Ionasescu variant 
syndrome. OMIM 302801. X-linked recessive. Infancy-onset 
peripheral neuropathy, weakness of legs, areflexia.

CHARGE syndrome. OMIM 214800. Autosomal domi-
nant. Genes: CHD7, SEMA3E. Features indicated by the acro-
nym: Coloboma, Heart anomaly, Atresia choanae; Retardation 
of Growth and development; Genital abnormalities, Ear 
abnormalities. Colobomas of the iris, retina-choroid, and/or 
disc with/without microphthalmos, choanal atresia or stenosis, 
cranial nerve dysfunction (causing hypo/anosmia, facial palsy, 
hearing impairment, swallowing problems), ear anomalies and 
ossicular malformations with Mondini cochlear defect and 
absent/hypoplastic semicircular canals, cryptorchidism/ hypo-
gonadotrophic hypogonadism, cardiovascular anomalies, oro-
facial clefts, tracheoesophageal fistula, intellectual disability.

Chassaing-Lacombe chondrodysplasia syndrome. 
OMIM 300863. X-linked dominant. Gene:  HDAC6. Lethal 
in males with hydrocephalus, distinctive facial appearance 
(microphthalmia, frontal bossing, short palpebral fissures, 
short flat nose, low-set ears, short philtrum, macrostomia), 
spondylometaphyseal dysplasia. Females have rhizomelia, 
spondylometaphyseal dysplasia, and learning disability.

Chediak-Higashi syndrome. OMIM 214500. Autosomal 
recessive. Gene: LYST1. Fair skin and hair, nystagmus, photo-
phobia, neutropenia, inclusions in leukocytes and myelocyte 
precursors, recurrent infections, lymphoma or leukemia.

CHILD syndrome. OMIM 308050. X-linked dominant. 
Gene: NSDHL. Features indicated by the acronym: Congenital 
Hemidysplasia with Ichthyosiform erythroderma and Limb 
Defects; lethal in hemizygous males. An allelic X-linked reces-
sive form involves a milder phenotype.

Chondroectodermal dysplasia (see Ellis-van Creveld 
syndrome).

Chondrodysplasia punctata, X-linked dominant 
(Conradi-Hünermann-Happle syndrome). OMIM 302960. 
X-linked dominant. Gene: EBP. Short stature with rhizomelia, 
epiphyseal stippling, craniofacial anomalies, striated hyper-
keratosis, linear/whorled atrophic skin lesions, alopecia/coarse 
hair, cataracts.

Christian syndrome. OMIM 309620. X-linked recessive. 
Short stature, abducens palsy, glucose intolerance, skeletal dys-
plasia (metopic ridges, occipitalization of the atlas, odontoid 
hypoplasia, cervical vertebrae fusions, hemivertebrae, scolio-
sis, hypoplasia, of sacrum, shortening of long bones).
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Christianson syndrome. OMIM 300243. X-linked reces-
sive. Gene:  SLC9A6. Short stature, microcephaly, distinctive 
facial appearance (long straight nose, open mouth, prominent 
mandible), general asthenia, narrow chest, elbow flexion, long 
thin digits, adducted thumbs, ophthalmoplegia, hypoplasia of 
cerebellum truncal ataxia, seizures, absent speech, autistic fea-
tures, intellectual disability. Mimics Angelman syndrome.

Chudley-Lowry syndrome (see Alpha thalassemia—  
intellectual disability).

Chudley-McCullough syndrome. OMIM 604213. 
Autosomal recessive. Gene:  GPSM2. Sensorineural deaf-
ness, neuroanatomic anomalies (corpus callosum hypoplasia, 
enlarged cisterna magna, mild focal cerebellar dysplasia, nod-
ular heterotopia, hydrocephalus)

Ciliary akinesia/dyskinesia (see Primary ciliary dyskinesia).
CK syndrome. OMIM 300831. X-linked recessive. 

Gene:  NSDHL. Microcephaly, neuronal migration abnor-
malities, distinctive facial appearance (long thin face, upslant-
ing palpebral fissures, almond-shaped eyes, epicanthus, 
open mouth, high-arched palate, micrognathia), long limbs, 
hyperextensible joints, behavioral disturbances, intellectual 
disability.

Clark-Baraitser syndrome. OMIM 300602. X-linked dom-
inant, distinctive facial appearance (macrocephaly, prominent  
forehead, supraorbital ridge, large ears, broad nasal tip, thick 
lower lip), obesity, macroorchidism, intellectual disability.

Cleidocranial dysplasia. OMIM 119600. Autosomal dom-
inant. Gene: RUNX2. Skeletal dysplasia with delayed closure of 
cranial sutures, clavicular a/hypoplasia, dental anomalies.

Cleft palate/ankyloglossia. OMIM 303400. X-linked 
semidominant. Gene: TBX22. Includes cleft palate (which can 
involve a submucous cleft) and/ or ankyloglossia.

CLOVE syndrome. OMIM 612918. Somatic. 
Gene:  PIK3CA. Progressive overgrowth syndrome, with fea-
tures indicated by the acronym:  Congenital Lipomatous 
Overgrowth, Vascular malformations, Epidermal nevi.

CMTX2 (see Charcot-Marie-Tooth neuropathy, Ionasescu 
variant syndrome).

CMTX4 (see Charcot-Marie-Tooth neuropathy, Cowchock 
variant syndrome).

COACH syndrome. OMIM 216360. Autosomal recessive. 
Genes:  CC2D2A, TMEM67, RPGRIP1LI. Features indicated 
by the acronym: Cerebellar vermis hypoplasia, Oligophrenia, 
Ataxia, ocular Coloboma, Hepatic fibrosis.

Cockayne syndrome. Autosomal recessive. OMIM 
133540, 216400. Genes:  ERCC6, ERCC8. Clinically divided 
into 3 types. Type I (classic): postnatal growth failure, progres-
sive microcephaly and neurologic dysfunction/intellectual dis-
ability, with leukodystrophy, cutaneous photosensitivity, thin 
or dry skin and hair, demyelinating peripheral neuropathy, 
dental anomalies, distinctive appearance described as “cachec-
tic dwarfism”, radiologic findings including thickening of the 
calvarium, sclerotic epiphyses, pelvic and vertebral anomalies. 
Type II (severe): neonatal growth failure, little or no postna-
tal neurodevelopment, ocular anomalies (congenital cata-
racts, microphthalmos, microcornea, iris hypoplasia). Type 
III (milder/later-onset): less well-defined. Some types can also 
involve features of Xeroderma pigmentosum.

Coffin-Lowry syndrome. OMIM 303600. X-linked domi-
nant. Gene: RPS6KA3 (RSK2). Short stature, distinctive facial 
appearance (microcephaly, prominent forehead, frontal hair 
upsweep, hypertelorism, downslanting palpebral fissures, ante-
verted nares, cupped ears, large open mouth with prominent 
lips and tented upper lip) dental anomalies, large soft hands 
with tapering digits, pectus carinatum, flat feet, joint hyper-
extensibility, hypotonia, drop attacks or generalized seizures, 
intellectual disability.

Coffin-Siris syndrome. OMIM 614607, 614562, 614609, 
614608. Autosomal dominant. Genes:  AR1D1A, AR1D1B, 
SMARCA4, SMARCB1, SMARCE1. A/hypoplasia of the distal 
phalanx or nail of the fifth digit, distinctive facial appearance 
(wide mouth with thick, everted lips, broad nasal bridge and 
tip, thick eyebrows and long eyelashes), intellectual disability.

Cohen syndrome. OMIM 216550. Autosomal recessive. 
Gene: VPS13B. Early growth failure, adolescent truncal obe-
sity, retinochoroidal dystrophy and high myopia, neutropenia 
and recurrent infections, joint hypermobility, microceph-
aly, distinctive facial appearance (thick hair, long eyelashes, 
wave-shaped palpebral fissures, bulbous nasal tip, smooth or 
short philtrum), intellectual disability.

Congenital anomalies of kidney and urinary tract. OMIM 
61805. Autosomal dominant, autosomal recessive (many other 
forms with unclear inheritance, some likely involving complex 
susceptibility factors). Genes:  DSTYK, TRAP1, others. Wide 
range of renal and urinary tract malformations, ranging from 
complete/bilateral renal agenesis to renal hypodysplasia, mul-
ticystic renal dysplasia, duplex collecting system, ureteropelvic 
junction obstruction, ureteral anomalies (including posterior 
urethral valves), vesicoureteral reflux.

Congenital disorder of glycosylation, type Ia. OMIM 
212065. Autosomal recessive. Gene:  PMM2. Neonatal-onset 
encephalopathy, peripheral neuropathy, cerebellar hypoplasia, 
retinitis pigmentosa, anomalous distribution of subcutaneous 
fat, nipple retraction, hypogonadism, hepatic insufficiency, 
cardiomyopathy, intellectual disability.

Congenital lipoid adrenal hyperplasia (see Lipoid con-
genital adrenal hyperplasia).

Congenital muscular dystrophy-dystroglycanopathies 
with brain and eye anomalies. OMIM 236670, 613150, 
253800. Autosomal recessive. Genes: POMT1, POMT2, FKTN, 
FKRP, LARGE, POMGNT1, ISPD. Brain and ocular anomalies 
(lissencephaly, cerebellar malformations, retinal malforma-
tions), congenital muscular dystrophy, intellectual disability.

Congenital ocular muscle fibrosis. OMIM 135700. 
Autosomal dominant. Gene: KIF21A. Bilateral blepharoptosis 
and restrictive ophthalmoplegia affecting the extraocular mus-
cles innervated by the oculomotor and/or trochlear nerves.

Conradi-Hunermann-Happle syndrome. OMIM 302960. 
X-linked dominant. Gene: EBP. Asymmetric limb shortening, 
marked depression of nose, flattened facial profile, cataracts, 
ichthyosis, punctate calcifications at end of long bones and in 
carpals, tarsals, spine, and pelvic bones.

Contractural arachnodactyly (Beals syndrome). OMIM 
121050. Autosomal dominant. Gene:  FBN2. Congenital con-
tractures, arachnodactyly, scoliosis, crumpled ears, muscular 
hypoplasia.
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Cornelia de Lange syndrome. OMIM 122470, 300590, 
300882, 610759, 614701. Autosomal dominant/X-linked. 
Genes:  NIPBL, HDAC8, RAD21, SMC1A, SMC3. Distinctive 
facial appearance (including microcephaly, synophrys, arched 
eyebrows, long eyelashes, small nose with anteverted nares, 
widely-spaced teeth), growth restriction, hirsutism, upper 
limb reduction deficits, cardiac septal defects, genitourinary 
anomalies, intellectual disability.

Cortical dysplasia-focal epilepsy. OMIM 610042. 
Autosomal recessive. Gene:  CNTNAP2. Cortical dysplasia, 
macrocephaly early mild developmental delay, childhood-onset 
focal epilepsy, and neurodegeneration.

Costello syndrome. OMIM 218040. Autosomal dominant. 
Gene: HRAS. Infant feeding difficulties, short stature, neuro-
cognitive impairment, macrocephaly, distinctive facial appear-
ance with coarse features, curly, sparse, or fine hair, soft skin 
with deep palmar/plantar creases, facial and perianal papillo-
mata, joint laxity and ulnar wrist deviation, cardiac anomalies, 
including hypertrophic cardiomyopathy, pulmonic stenosis, 
arrhythmia, increased cancer risk.

Cowden syndrome (see PTEN hamartoma syndrome).
Craniocarpotarsal syndrome (see Distal arthrogryposis, 

type 2B).
Craniodiaphyseal dysplasia. OMIM 122860. Autosomal 

dominant. Gene:  SOST. Severe generalized hyperostosis and 
sclerosis, especially of the facial bones and skull, resulting in 
a distinctive facial appearance and progressive encroachment 
upon cranial foramina. Allelic with Sclerosteosis and van 
Buchem disease, which are recessive and less severe.

Cranioectodermal dysplasia. OMIM 218330, 613610, 
614099, 614378. Autosomal recessive. Genes: IFT43, IFT122, 
WDR19, WDR35. Sagittal craniosynostosis and other cranio-
facial anomalies (e.g., frontal bossing, dolichocephaly), addi-
tional distinctive facial features (e.g., hypertelorism, low-set, 
posteriorly angulated ears), ectodermal (loose skin, sparse 
hair, small/missing teeth, short nails), and skeletal anomalies, 
including metaphyseal dysplasia, short limbs, and short stature; 
additional organ system anomalies, including nephronophthi-
sis in some individuals. See also Sensenbrenner syndrome.

Craniofacial anomalies-anterior segment dysgen-
esis syndrome. OMIM 614195. Autosomal dominant. 
Gene:  VSX1. Distinctive facial appearance (hypertelorism, 
dysplastic pinnae), abnormal corneal endothelium, variable 
empty sella turcica, posterior fossa cyst, anterior encephalo-
cele, hydrocephalus.

Craniofrontonasal dysplasia. OMIM 304110. X-linked 
(with greater severity in females due to cellular interference). 
Gene: EFNB1. Females have craniosynostosis and distinctive 
facial appearance (craniofacial asymmetry, frontonasal dys-
plasia, bifid nasal tip, grooved nails), wiry hair, and thoracic 
skeletal anomalies; males usually have isolated hypertelorism.

Craniometaphyseal dysplasia. OMIM 123000. Autosomal 
dominant. Gene: ANKH. Craniofacial bone hyperostosis and 
sclerosis sometimes leading to mandibular asymmetry and 
cranial nerve compression, abnormal metaphyseal modeling 
of the metaphyses.

Craniomicromelic syndrome. OMIM 602558. Intrauterine 
growth restriction, shortened limbs, coronal craniosynostosis, 

micrognathia, gallbladder aplasia/hypoplasia, ileum, pulmo-
nary, uterine, and fallopian hypoplasia, variable additional 
features.

Creatine transporter deficiency. OMIM 300036. X-linked 
recessive. Gene: SLC6A8. Decreased muscle mass, hypotonia, 
seizures, behavior disturbance, intellectual disability.

Crouzon syndrome. OMIM:  123500. Autosomal domi-
nant. Gene:  FGFR2. Craniosynostosis, proptosis, strabismus, 
prognathia.

Crouzon syndrome with acanthosis nigricans. OMIM: 
612247. Autosomal dominant. Gene: FGFR3. Cranio synostosis, 
proptosis, strabismus, prognathia, acanthosis nigricans.

Cryptophthalmia (see Fraser syndrome).
Cumming campomelia (Cumming dysplasia). OMIM 

211890. Autosomal recessive. Bent long bones, polysplenia, 
cervical lymphocele, short bowel, cystic dysplasia of kidneys, 
liver, pancreas.

Currarino syndrome. OMIM 176450. Autosomal domi-
nant. Gene:  MNX1. Triad involving partial sacral agenesis 
(with intact first sacral vertebra), presacral mass, anorectal 
malformation.

Cutis laxa. OMIM 123700, 219100, 219200. Autosomal 
dominant/autosomal recessive. Genes:  ELN, FBLN5, 
ATP6V0A2 (additional genes associated with other findings). 
Prematurely aged appearance due to loose and/or wrinkled 
skin without hyperelasticity, variable gastrointestinal diver-
ticula, hernia, genital prolapse, additional vascular, pul-
monary, skeletal and other anomalies, variable intellectual 
disability.

Cutis marmorata telangiectatica congenita. OMIM 
219250. Sporadic. Persistent cutis marmorata, telangiectasia, 
phlebectasia, variable skin ulceration atrophy, hypoplasia of 
involved limb.

Cystic fibrosis. OMIM 219700. Autosomal recessive. 
Gene:  CFTR. Meconium ileus, pancreatic insufficiency, sus-
ceptibility to pulmonary infections, male infertility, increased 
salt content in sweat.

de Lange syndrome (See Cornelia de Lange syndrome).
Deafness camptodactyly (see CATSHL syndrome).
Deletion 22q11.2 syndrome (DiGeorge syndrome, 

Velocardiofacial syndrome). OMIM 188400. Autosomal domi-
nant. Heterozygous deletion of chromosome 22q11.2. Cardiac 
anomalies (especially conotruncal malformations), palatal 
anomalies (especially velopharyngeal insufficiency), hypocal-
cemia, distinctive facial appearance (aurical anomalies, nasal 
anomalies, hypertelorism, cleft lip/palate), learning disabili-
ties, immunodeficiency.

Delleman (see Oculocerebrocutaneous syndrome).
Denys-Drash syndrome. OMIM 194080. Autosomal 

dominant. Gene:  WT1. Renal disease (nephrotic syndrome, 
diffuse glomerulosclerosis), Wilms tumor, gonadal dysgenesis 
in 46,XY individuals.

Dermoid cysts, familial frontonasal. OMIM 600679. 
Possibly autosomal dominant. Frontonasal dermoid cysts 
responsive to surgical management.

Diamond-Blackfan anemia. OMIM 105650, 606164, 
610629, 612527, 612528, 612561, 612562, 612563, 613308, 
613309, 614900, 615550, 615909. Autosomal dominant. 
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Genes: RPL5, RPL11, RPL15, RPL26, RPL35A, RPS7, RPS10, 
RPS17, RPS19, RPS24, RPS26, RPS28, RPS29. Anemia, reticu-
locytopenia, greatly reduced erythroid progenitors in bone 
marrow, growth restriction, variable cardiac, craniofacial, gen-
itourinary, upper limb anomalies.

Diastrophic dysplasia. OMIM 222600. Autosomal reces-
sive. Gene: SLC26A2. Short limbs with normal-sized skull, first 
metacarpal deformity (“hitchhiker thumbs”), spinal deformi-
ties (cervical kyphosis, scoliosis, lumbar lordosis), large joint 
contractures, osteoarthritis.

DiGeorge syndrome (see Deletion 22q11.2 syndrome).
Distal arthrogryposis, type 1.  OMIM 108120, 160794, 

190990. Autosomal dominant. Genes:  TPM2, TNN12, 
TNNT3, MYH3. Variable distal arthrogryposis, no facial/spi-
nal involvement.

Distal arthrogryposis IA. OMIM 108120. Autosomal 
dominant. Gene: TPM2. Camptodactyly, talipes equinovarus, 
other joints (shoulders, hips) variably affected.

Distal arthrogryposis IB. OMIM 614335. Autosomal 
dominant. Gene: MYBPC1. Camptodactyly, ulnar finger devi-
ation, talipes equinovarus or vertical talus.

Distal arthrogryposis, type 2A (Freeman-Sheldon syn-
drome). OMIM 193700. Autosomal dominant. Gene: MYH3. 
Hand and feet contractures and findings as in Distal arthrogry-
posis, type 2A, but with a distinctive facial appearance referred 
to as “whistling face syndrome” (small oral orifice, puckered 
lips, H-shaped dimple of the chin).

Distal arthrogryposis, type 2B (Sheldon-Hall syndrome). 
OMIM 601680. Autosomal dominant. Genes: TPM2, TNNT3, 
TNNI2, MYH3. Congenital clenched fists with overlapping fin-
gers, camptodactyly, ulnar deviation, positional foot deformi-
ties, distinctive facial appearance (prominent nasolabial folds, 
downslanted palpebral fissures, small mouth).

Distal arthrogryposis, type 3 (Gordon syndrome). OMIM 
114300. Autosomal dominant. Gene:  PIEZO2. Congenital 
contractures of the hands and feet, short stature, variable cleft 
palate.

Distal arthrogryposis, type 5. OMIM 108145. Autosomal 
dominant. Gene:  PIEZO2. Congenital contractures of the 
hands and feet, ocular anomalies (ptosis, ophthalmoplegia, 
strabismus).

Distal arthrogryposis, type 5D. OMIM 615065. 
Autosomal recessive. Gene:  ECEL1. Camptodactyly of the 
hands with adducted thumbs and wrists, milder camptodac-
tyly of the toes, talipes equinovarus and/or calcaneovalgus 
deformity, extension contractures of the knee, ptosis, distinc-
tive facial appearance (round face, arched eyebrows, bulbous 
nose with anteverted nares, micrognathia).

Distal arthrogryposis with deafness (DA6). OMIM 602782. 
Autosomal recessive. Genes: CATSAL, CATSHL. Multiple con-
genital contractures, sensorineural deafness, tall stature.

Distal arthrogryposis, type 7 (Trismus pseudocampto-
dactyly syndrome). OMIM 158300. Autosomal dominant. 
Gene:  MYH8. Short finger flexor tendons resulting in dorsi-
flexion of wrist, camptodactyly, inability to open mouth, foot 
deformations (tight heel cords, club foot, hammer toes).

Distal arthrogryposis, type 8 (Multiple pterygium syn-
drome, autosomal dominant). OMIM 178110. Autosomal 

dominant. Multiple pterygia of variable severity, wide range of 
severity, ptosis, hemivertebrae, scoliosis, variable intellectual 
disability.

Distal arthrogryposis, type 9 (Beals syndrome). OMIM 
121050. Autosomal dominant. Gene:  FBN2. Congenital 
contractures, arachnodactyly, scoliosis, crumpled ears, 
dolichostenomelia.

Distichiasis-lymphedema syndrome (see Lymphedema-
distichiasis syndrome).

DK phocomelia. OMIM 223340. Cause unknown. 
Phocomelia, occipital encephalocele, genitourinary anomalies.

Donnai-Barrow syndrome. OMIM 222448. Autosomal 
dominant. Gene:  LRP2. Congenital diaphragmatic hernia, 
omphalocele, corpus callosum agenesis, ophthalmologic 
anomalies (iris coloboma), distinctive craniofacial appearance 
(hypertelorism, large fontanel), sensorineural hearing loss, 
intellectual disability.

Duane-radial ray syndrome (see Okihiro syndrome).
Duane retraction syndrome. OMIM 126800. Autosomal 

dominant. Abducens nerve palsy resulting in limited ocular 
abduction with or without limited adduction, globe retraction 
and narrowing of palpebral fissures.

Dubowitz syndrome. OMIM 223370. Variable micro-
cephaly, growth restriction, intellectual disability, eczema, 
variable additional anomalies.

Duchenne muscular dystrophy. OMIM 310200. X-linked 
recessive. Gene: DMD. Calf hypertrophy, weakness, progres-
sive muscle wasting and contractures, some with intellectual 
disability.

Dundar-Sonoda syndrome (see Ehlers-Danlos syndrome, 
musculocontractural type 1).

Dyschondrosteosis (Leri-Weill dyschondrosteosis). 
OMIM 127300. Autosomal dominant (involving genes on 
pseudoautosomal regions of X and Y). Genes: SHOX, SHOXY. 
Short stature, mesomelia, Madelung wrist deformity (distal 
radius and ulna and proximal carpal deformity), more severe 
in females.

Dyskeratosis congenita. OMIM 127550, 224230, 
305000, 613987, 613988, 613989, 613990, 615190, 616353. 
Autosomal dominant/autosomal recessive/X-linked recessive. 
Genes:  DKC1, NHP2, NOP10, PARN, RTEL1, TERC, TERT, 
TINF2, WRAP53. Telomere disorder involving triad of abnor-
mal skin pigmentation, nail dystrophy, and oral leukoplakia, as 
well as additional features including pulmonary fibrosis, liver 
cirrhosis, hair loss and/or graying, osteoporosis, lacrimal duct 
atresia, intellectual disability, and increased risk of malignancy.

Dyssegmental dysplasia, Silverman-Handmaker type. 
OMIM 224410. Autosomal recessive. Gene: HSPG2. Neonatal 
lethal short-limbed dwarfism with anisospondyly.

Ectodermal dysplasia 1. OMIM 305100. X-linked reces-
sive. Gene:  ED1. Hypotrichosis, anodontia or hypodontia, 
anhidrosis or hypohidrosis; hypohidrotic ectodermal dyspla-
sia can involve distinctive facial appearance (bumps on the 
forehead, rings under the eyes, saddle-shaped nose, prominent 
lips), variable absent nipples.

Ectodermal dysplasia 10A/10B. OMIM 129490, 224900. 
Autosomal dominant/autosomal recessive. Hypotrichosis, 
hypodontia, hypohidrosis; distinctive facial appearance 
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in some (bumps on the forehead, rings under the eyes, 
saddle-shaped nose, prominent lips), variable absent nipples.

Ectodermal dysplasia, anhidrotic. OMIM 125050, 
300301, 612132. Autosomal dominant/X-linked dominant. 
Genes:  IKBKG, NFKBIA. Anhidrosis, ectodermal dysplasia, 
variable additional features depending on subtype, including 
deafness, lymphedema, immunodeficiency.

Ectodermal dysplasia, Basan type. OMIM 129200. 
Autosomal dominant. Absent dermal ridges, neonatal acral 
blisters, facial milia, adult-onset traumatic blistering/fissuring, 
palm/sole anhidrosis/hypohidrosis, digit contractures.

Ectodermal dysplasia-diabetes-lipoatrophy. OMIM 
207780. Autosomal recessive(?). Lipoatrophy, hypotricho-
sis, oligodontia, amastia/hypomastia, lipoatrophy, diabetes 
mellitus.

Ectodermal dysplasia, hypohidrotic (see Ectodermal 
dysplasia 1).

Ectodermal dysplasia, 
hypohidrotic-hypothyroidism-agenesis of the corpus cal-
losum. OMIM 225040. Hypohidrotic ectodermal dysplasia, 
congenital hypothyroidism, corpus callosum agenesis, distinc-
tive facial appearance (macrocephaly/frontal bossing, hyper-
telorism, maxillary low-set ears, dental anomalies), intellectual 
disability, variable additional anomalies.

Ectodermal dysplasia, trichoodontoonychial. OMIM 
129510. Autosomal dominant. Hypotrichosis, hypodontia, 
nasal tip focal linear dermal hypoplasia, irregular back hyper-
pigmentation, bilateral amastia and athelia, sensorineural 
hearing loss, euhidrosis.

Ectrodactyly, ectodermal dysplasia, clefting. OMIM 
604292. Autosomal dominant. Gene:  TP63. Ectrodactyly 
of hands and feet, ectodermal dysplasia (light sparse hair, 
hypodontia, thin nails), cleft lip/palate, genitourinary anoma-
lies. Multiple allelic conditions with overlapping findings

EEC (see Ectrodactyly, ectodermal dysplasia, clefting).
Ehlers-Danlos syndrome, musculocontractural type 1.  

OMIM 601776. Autosomal recessive. Gene:  CHST14. 
Congenital contractures of thumbs and feet, brachycephaly 
and distinctive facial appearance (broad and flat forehead, 
hypertelorism, downslanting palpebral fissures, prominent 
ears, malar flatness, retrognathia), thin skin with easy bruising 
and atrophic scarring, joint instability, facial clefting, coagu-
lopathy, variable cardiac, renal, gastrointestinal, and ocular 
anomalies.

Ehlers-Danlos syndrome, type I.  OMIM 130000. 
Autosomal dominant. Genes:  COL1A1, COL5A1, COL5A2. 
Joint laxity, skin fragility and easy bruisability with abnormal 
scarring, musculoskeletal deformities, frequent premature 
delivery, occasional visceral complications (vascular, bowel 
rupture).

Ehlers-Danlos syndrome, type II. OMIM 130010. 
Autosomal dominant. Genes: COL5A1, COL5A2. Autosomal 
dominant. Similar to type I, but milder, with less joint laxity 
and skin involvement, rare mitral valve prolapse.

Ehlers-Danlos syndrome, type III (Ehlers-Danlos syn-
drome, hypermobility type). OMIM 130020. Autosomal 
dominant. Genes: TNXB (COL3A1 also described). Soft, vel-
vety, mildly hyperextensible skin with easy bruising, joint 

subluxations/dislocations and degenerative joint disease, func-
tional bowel disorders, autonomic dysfunction, mild aortic 
root dilatation, neuropsychiatric manifestations.

Ehlers-Danlos syndrome, type IV (Ehlers-Danlos syn-
drome, vascular type). OMIM 130050. Autosomal dominant. 
Gene: COL3A1. Thin, translucent skin with easy bruising, dis-
tinctive facial appearance (large eyes, thin nose, thin lips and 
philtrum, small chin), arterial, intestinal, uterine fragility.

Ehlers-Danlos syndrome, type VI. OMIM 225400. 
Autosomal recessive. Gene:  PLOD1. Congenital muscular 
hypotonia, scoliosis, joint laxity, scleral fragility, and ocular 
globe rupture.

Ehlers-Danlos syndrome, type VIIC. OMIM 225410. 
Autosomal recessive. Gene:  ADAMTS2. Connective tissue 
disorder with dermatosparaxis. Skin fragility/laxity with easy 
bruising, blue sclerae.

Ellis-van Creveld syndrome. OMIM 225500. Autosomal 
recessive. Genes:  EVC, LBN. Skeletal dysplasia, with short 
limbs, short ribs, postaxial polydactyly, dental and nail dys-
plasia including natal teeth, congenital heart anomalies (espe-
cially atrial septal defect).

Epidermolysis bullosa (simplex/junctional, with pyloric 
atresia). OMIM 226730, 612138. Autosomal recessive. 
Genes: ITGB4, ITGA6, PLEC1. Severe skin blistering at birth, 
congenital pyloric atresia.

Epidermal nevus syndrome. OMIM 162900. Autosomal 
dominant. Genes:  NRAS, HRAS, FGFR3, PIK3CA. Increase 
in skin pigmentation and thickness that may follow lines of 
Blaschko.

Escobar syndrome (see Multiple pterygia syndrome).
Facioaudiosymphalangism syndrome (Multiple syn-

ostosis syndrome). OMIM 186500. Autosomal dominant. 
Gene: NOG. Distinctive facial appearance (tubular nose with 
lack of alar flare), conductive hearing loss (due to stapes fixa-
tion), progressive proximal symphalangism.

Facio-auriculo-vertebral syndrome (see Goldenhar 
syndrome).

Familial glomerulocystic disease (Renal cysts and dia-
betes syndrome). OMIM 137920. Autosomal dominant. 
Gene: TCF2. Diabetes mellitus (typically maturity-onset dia-
betes of the young), highly variable renal disease (which can 
include renal cysts as well as other types of renal and ureteral 
hypoplasia, aplasia, or dysplasia, and hyperuricemic nephrop-
athy), genitourinary anomalies (vaginal aplasia, uterine hypo-
plasia, bicornuate uterus, epididymal cysts, atresia of the vas 
deferens).

Fanconi Anemia. OMIM 227650. Autosomal recessive/ 
X-linked recessive. Genes:  BRCA2, BRIP1, ERCC4, FANCA, 
FANCB, FANCC, FANCD2, FANCE, FANCF, FANCG, FANCI, 
FANCL, FANCM, PALB2, RAD51C, SLC2A2, SLC34A1, SLX4. 
Prenatal and postnatal growth deficiency, ptosis or other ocu-
lar abnormalities, radial ray deficiency, hyperpigmentation 
and other skin findings, childhood onset of progressive bone 
marrow failure, predisposition to hematologic malignancy and  
solid neoplasms, variable additional anomalies.

Farber lipogranulomatosis. OMIM 228000. Autosomal 
recessive. Gene:  ASAH1. Lysosomal storage disorder with 
early-onset subcutaneous nodules (especially on wrists and 
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other areas subject to trauma), progressively joint deforma-
tion, hoarseness (due to laryngeal involvement).

Feingold syndrome. OMIM 164280, 614326. Autosomal 
dominant. Genes:  MIR17HG, MYCN. Microcephaly, limb 
anomalies (thenar hypoplasia, second and fifth finger clinod-
actyly, two-three-four toe syndactyly, middle phalangeal apla-
sia/hypoplasia), esophageal and duodenal atresias, cardiac, 
renal, vertebral anomalies, intellectual disability.

Femoral-facial syndrome. OMIM 134780. Bilateral femo-
ral hypoplasia, distinctive facial appearance (upslanting pal-
pebral fissures, short nose with broad tip, long philtrum, thin 
vermilion border, micrognathia, cleft palate), variable addi-
tional anomalies.

Femur-fibula-ulna syndrome. OMIM 228200. Sporadic. 
Variable and usually asymmetric deficiencies of upper and 
lower limbs (amelia, meromelia, oligodactyly), bowing of 
residual bones and malalignment at joints.

FG syndrome (see Opitz-Kaveggia syndrome).
Fibrodysplasia ossificans progressiva. OMIM 135100. 

Autosomal dominant. Gene: ACVR1. Isolated great toe anom-
alies at birth (short, deviated, and monophalangic), progres-
sive ossification of skeletal muscle, fascia, tendons, ligaments.

Finlay-Marks syndrome (Scalp-ear-nipples syndrome). 
OMIM 181270. Autosomal dominant. Gene: KCTD1. Aplasia 
cutis congenita of the scalp, breast anomalies (hypothelia or 
athelia, amastia), ear anomalies, variable nail dystrophy, dental 
anomalies, syndactyly, renal anomalies.

Fitzsimmons syndrome. OMIM 309560. X-linked domi-
nant. Hyperkeratosis of palms and soles, pes cavus, lower limb 
spasticity, mild intellectual disability in males. Females may 
have cutaneous findings and neurological manifestations.

Floating harbor syndrome. OMIM 136140. Autosomal 
dominant. Gene: SRCAP.

Short stature, delayed bone age, distinctive facial appear-
ance (triangular face, deep-set eyes, long eyelashes, bulbous 
nose, wide columella, short philtrum, thin lips), speech delay.

Focal cortical dysplasia of Taylor. OMIM 607341. 
Autosomal dominant. Gene:  TSC1. Cerebral malformation 
with intractable seizures usually requiring surgery; histologi-
cally, includes subtypes without (type IIA) and with (type IIB) 
balloon cells. Allelic with Tuberous sclerosis complex.

Focal dermal hypoplasia (see Goltz-Gorlin syndrome).
Forney syndrome (Cardiospondylocarpofacial syndrome). 

OMIM 157800. Autosomal dominant. Mitral regurgitation, con-
ductive deafness due to stapes fixation, cervical vertebral fusion, 
carpal and tarsal fusions, facial and iris freckling, short stature.

Fragile X syndrome. OMIM 300624. X-linked trinucleo-
tide repeat disorder, with disease-causing expanded alleles 
inherited from mothers with premutations. Gene:  FMR1. 
Distinctive craniofacial appearance (large head with promi-
nent forehead and chin, long face, and protruding ears), joint 
laxity, postpubertal macroorchidism, intellectual disability.

Fraser syndrome. OMIM 21900. Autosomal domi-
nant/autosomal recessive. Genes:  FRAS1, FREM2, GRIP1. 
Ophthalmologic anomalies (cryptophthalmos), genitourinary 
anomalies (micropenis, cryptorchidism, clitoromegaly), syn-
dactyly, renal anomalies, a range of possible additional con-
genital anomalies, intellectual disability.

Frasier syndrome. OMIM 136680. Autosomal dominant. 
Gene: WT1. Male pseudohermaphroditism (including risk of 
gonadoblastoma), progressive glomerulopathy.

Freeman-Sheldon syndrome (see Distal arthrogryposis, 
type 2A).

Frontofacionasal dysplasia. OMIM 229400. Autosomal 
recessive. Distinctive craniofacial appearance (facial and nasal 
hypoplasia, bifid nose, widow’s peak, cranium bifidum occul-
tum, hypertelorism, S-shaped palpebral fissures, blepharophi-
mosis, lower lid lagophthalmos, eyelid coloboma, cleft lip), 
frontal lipoma, cleft uvula.

Frontometaphyseal dysplasia. OMIM 305620. X-linked 
recessive. Gene: FLNA. Allelic with Otopalatodigital syndromes 
1 and 2 and Melnick-Needles syndrome; skeletal dysplasia, 
(including scoliosis, distal phalangeal hypoplasia, and progres-
sive hand contractures) deafness, genitourinary anomalies.

Frontonasal dysplasia (including Frontonasal dysplasia 
1, Frontonasal dysplasia 2). OMIM 136760, 613451, 613456. 
Autosomal recessive. Genes: ALX1, ALX3, ALX4. Distinctive 
craniofacial appearance (hypertelorism, broad nasal root, 
median facial cleft, alae nasi cleft, lack of nasal tip formation, 
anterior cranium bifidum occulta, widow’s peak). Some types 
with variable additional anomalies, including ophthalmologic 
anomalies (e.g., microphthalmia, coloboma) and neuroana-
tomic anomalies.

Frontonasal dysplasia-alar clefts. OMIM 20300. Alar car-
tilage hypoplasia and coloboma, hypertelorism.

Fryns syndrome. OMIM 229850. Autosomal recessive. 
Distinctive facial appearance (can include cleft lip/palate), 
congenital diaphragmatic hernia, pulmonary hypoplasia, dis-
tal digit hypoplasia, congenital cardiac and other anomalies.

Fucosidosis. OMIM 230000. Autosomal recessive. 
Gene: FUCA1. Lysosomal storage disease, short stature, distinc-
tive facial appearance (prominent forehead, heavy eyebrows, 
full lips, macroglossia), cardiomegaly, hepatosplenomegaly, 
mild dysostosis multiplex, angiokeratomas, epilepsy, recurrent 
infections, intellectual disability.

Fuhrmann syndrome. OMIM 228930. Autosomal reces-
sive. Gene: WNT7A. Aplasia/hypoplasia of ulnas, femurs, pel-
vis, fibulas, variable digital anomalies, absent/dysplastic nails.

GAPO syndrome. OMIM 230740. Autosomal recessive. 
Gene: ANTXR1. Features indicated by the acronym: Growth 
retardation, Alopecia, Pseudoanodontia, Optic atrophy.

Geleophysic dysplasia. OMIM 231050, 614185. Autosomal 
dominant/autosomal recessive. Genes:  ADAMTSL2, FBN1. 
Severe short stature, with radiologic findings including 
cone-shaped epiphyses, delayed bone age, ovoid vertebral 
bodies, and shortened long tubular bones. Distinctive facial 
appearance (hypertelorism, full cheeks, short nose, long hands 
and feet, thin upper lip), small hands and feet, skin thickening, 
progressive cardiac valve thickening (in the recessive form), 
tracheal stenosis, respiratory insufficiency.

Genitopatellar syndrome. OMIM 606170. Autosomal 
dominant. Gene:  KAT6B. Patellar aplasia/dysplasia, renal 
and genitourinary anomalies, microcephaly, distinctive facial 
appearance (coarse features, broad nose, micrognathia or ret-
rognathia), congenital lower limb contractures, severe intellec-
tual disability.
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Gingival fibromatosis-hearing loss-supernumerary teeth. 
Autosomal dominant. Hypertelorism, progressive gingival 
fibromatosis, sensorineural hearing loss, supernumerary teeth.

Giuffrè-Tsukahara syndrome. OMIM 603438. X-linked 
dominant. Microcephaly, radioulnar synostosis, mild intellec-
tual disability. Females may have microcephaly and radioulnar 
synostosis but normal cognitive function.

Glutaric acidemia (aciduria), type I.  OMIM 231670. 
Autosomal recessive. Gene:  GCDH. Infantile-onset inborn 
error of metabolism with macrocephaly, gliosis and basal gan-
glia neuronal loss, progressive movement disorder.

Glutaric acidemia (aciduria), type II. OMIM 231680. 
Autosomal recessive. Genes:  ETFA, ETFB, ETFDH. Inborn 
error of metabolism which can include early-onset metabolic 
crises with hypoglycemia and metabolic acidosis, “sweaty feet” 
odor, cerebral anomalies, hepatomegaly, dilated cardiomyopa-
thy, polycystic renal disease, genitourinary anomalies, progres-
sive intellectual disability.

Glycogen storage disease II. OMIM 23200. Autosomal 
recessive. Gene:  GAA. Lysosomal storage disease; infantile 
form (Pompe disease) includes cardiomyopathy, muscular 
hypotonia; juvenile and adult forms include primary skeletal 
muscle involvement.

GM1-gangliosidosis. OMIM 230500, 230600, 230650. 
Autosomal recessive. Gene: GLB1. Lysosomal storage disease; 
type I  (infantile form) includes distinctive facial appearance 
(coarse features, gingival hypertrophy), macular cherry-red 
spots, hepatosplenomegaly, skeletal abnormalities, cardiomy-
opathy, rapid neurodegeneration; type II (late-infantile/juve-
nile form) includes slowly progressive neurodegeneration, 
mild skeletal changes; type III (adult/chronic form) includes 
localized skeletal and neurologic involvement.

Golabi-Ito-Hall syndrome (see Renpenning syndrome).
Goldberg-Sphrintzen syndrome. OMIM 609460. 

Autosomal recessive. Gene: KIAA1279. Microcephaly, distinc-
tive facial appearance (sparse hair, arched eyebrows, long eye-
lashes, ptosis, downslanting palpebral fissures, prominent ears, 
thick earlobes, prominent nasal bridge, thick philtrum, everted 
lower lip, pointed chin), Hirschsprung disease, gyral and other 
neuroanatomic anomalies, variable ocular, genitourinary, skel-
etal, and other anomalies, intellectual disability.

Goldenhar syndrome (Hemifacial microsomia). OMIM 
164210. Sporadic. Anomalies affecting derivatives of the 
first and second branchial arch, including unilateral ear 
and facial anomalies (e.g., with hypoplasia of the face and 
ear on the affected side, preauricular tags and masses); may 
also occur with brain, cardiac, limb, vertebral, and other 
anomalies.

Goldston syndrome. OMIM 267010. Autosomal reces-
sive. Gene: NPHP3. Cystic kidney dysplasia, hepatic dysplasia 
with fibrosis, Dandy-Walker malformation.

Gollop-Wolfgang syndrome. OMIM 228250. Sporadic. 
Unilateral bifurcation of the femur with variable distal limb 
deficiency, split hand malformation.

Goltz-Gorlin syndrome (Focal dermal hypoplasia). 
OMIM 305600. X-linked dominant. Gene: PORCN. Skin atro-
phy and linear pigmentation with fat herniation through der-
mal defects, multiple mucous membrane and skin papillomas, 

digit anomalies, dental hypoplasia, ocular anomalies, striated 
bones, intellectual disability. In-utero male lethality.

Gorham-Stout disease. OMIM 123880. Autosomal domi-
nant. Diffuse cystic angiomatosis of bone.

Gorlin syndrome (see Basal cell nevus syndrome).
Gracile bone dysplasia. OMIM 602361. Autosomal domi-

nant. Gene:  FAM111A. Gracile bones with thin diaphyses, 
premature closure of basal cranial sutures, microphthalmia, 
perinatal lethality.

Graham anophthalmia syndrome. OMIM 301590. 
X-linked recessive. Anophthalmia, ankyloblepharon, shallow 
orbits, short eyebrows and eyelids, intellectual disability.

Greig cephalopolysyndactyly syndrome. OMIM 175700. 
Autosomal dominant. Gene: GLI3. Broad first digits, preaxial 
polydactyly or mixed pre/postaxial polydactyly, cutaneous 
syndactyly, macrocephaly, distinctive craniofacial appearance 
(high anterior hairline, frontal bossing, hypertelorism).

Griscelli syndrome. OMIM 214450. Autosomal recessive. 
Genes:  MYO5A, RAB27A. Hypopigmentation, nystagmus, 
melanin granules in hair shafts, hypotonia, immune dysfunc-
tion, seizures, intellectual disability.

Hajdu-Cheney syndrome. OMIM 102500. Autosomal 
dominant. Gene:  NOTCH2. Short stature, bowing of long 
bones, vertebral anomalies, distinctive facial appearance 
(coarse features, bushy eyebrows, hypertelorism, low-set ears, 
small mouth, dental anomalies, micrognathia), short neck, 
progressive focal bone destruction, variable hearing loss, renal 
cysts, cardiovascular anomalies.

Hand-foot-genital syndrome. OMIM 140000. Autosomal 
dominant. Gene:  HOXA13. Small feet with first digit hypo-
plasia, ulnar deviation of second fingers, fifth finger clinodac-
tyly/brachydactyly, brachydactyly of the second to fifth toes, 
delayed ossification, fusion, and shortening of carpals and tar-
sals, females with genitourinary anomalies, including genital 
tract duplication and other anomalies.

Hallermann-Streiff syndrome. OMIM 234100. 
Inheritance and cause(s) unclear. Distinctive facial appearance 
(brachycephaly with frontal bossing, beaked nose, microgna-
thia), hypotrichosis, microphthalmia, cataracts, skin atrophy, 
dental anomalies, short stature, intellectual disability.

Hamel syndrome (see Renpenning syndrome).
Hardiker syndrome. OMIM 612726. Autosomal recessive 

(unclear). Cleft lip/palate, retinal pigmentation, cholestasis, 
hydroureter, malrotation or other intestinal anomaly.

Hartsfield syndrome. OMIM 615465. Autosomal domi-
nant/autosomal recessive. Gene:  FGFR1. Holoprosencephaly, 
cleft lip/palate, ectrodactyly.

Hay-Wells syndrome. OMIM 106260. Autosomal domi-
nant. Gene: TP63. Ankyloblepharon, ectodermal defects, cleft 
lip/palate. Multiple allelic conditions with overlapping features.

Hemangiomas-midline abdominal raphe. OMIM 
140850. Cavernous facial hemangiomas, sternal nonunion 
with supraumbilical raphe.

Heminasal aplasia-atypical clefting. OMIM 605856. 
Midline neuroanatomic anomalies including corpus callosum 
agenesis, anophthalmia, microphthalmia, facial asymmetry 
with heminasal aplasia/hypoplasia, preauricular skin tags and 
ear dysplasia, atypical clefting.
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Hennekam lymphangiectasia-lymphedema syndrome. 
OMIM 235510, 616006. Autosomal dominant/autosomal 
recessive. Genes:  CCBE1, FAT4. Lymphedema, lymphangi-
ectasias, distinctive facial appearance (flattened facial profile, 
hypertelorism, blepharophimosis, small ears, flat nasal bridge, 
small mouth, dental anomalies), intellectual disability.

Hereditary bullous dystrophy. OMIM 302000. X-linked 
recessive. Short stature, microcephaly, alopecia, distinctive facial 
appearance (upslanting palpebral fissures, protruding ears), bul-
lous macules or papules on sun-exposed skin, residual hyper-
pigmented or hypopigmented areas, short tapered fingers, small 
or undescended testes, cardiac defects, intellectual disability.

Hereditary congenital facial paresis. OMIM 604185. 
Autosomal dominant. Unilateral or bilateral weakness of 
muscles innervated by three branches of facial nerve, variable 
hearing loss.

Hereditary mucoepithelial dysplasia. OMIM 158310. 
Autosomal dominant. Panepithelial defect with development 
of cataracts, visual loss, nonscarring alopecia, perineal psoria-
siform lesions, follicular keratoses.

Hereditary multiple intestinal atresias. OMIM 243150. 
Autosomal recessive. Gene: TTC7A. Intestinal atresias affect-
ing both small and large intestines, variable immunodeficiency.

Hermansky-Pudlak syndrome. OMIM 203300, 614072, 
614073, 614074, 614075, 614076, 614077, 614077, 614171, 
608233. Autosomal recessive. Genes:  AP3B1, BLOC1S3, 
BLOC1S6, DTNBP1, HPS1, HPS3, HPS4, HPS5, HPS6, PLDN. 
Reduced pigment in skin and hair, bleeding diathesis due to 
platelet dysfunction, ceroid-like storage granules in macro-
phages and other cells, variable granulomatous colitis, immu-
nodeficiency, pulmonary fibrosis.

Heterotaxy. OMIM 613751, 614779, 613853, 270100, 
606217, 306955. Autosomal dominant/autosomal 
recessive/X-linked recessive. Genes:  ACVR2B, CCDC11, 
CFC1, CRELD1, NODAL, ZIC3. May involve varying degrees 
of heterotaxy/situs abnormalities, as well as organ malforma-
tions (including congenital heart anomalies) not as obviously 
otherwise ascribed to laterality-type anomalies. Heterotaxy 
may also be observed in many ciliopathies.

Heterotaxy, X-linked (see Heterotaxy).
Heterotopias, bilateral, periventricular, nodular. OMIM 

300049, 608097, 615544. Autosomal recessive/X-linked domi-
nant/somatic. Genes: FLNA, ARFGEF2, ERMARD (other loci 
mapped). Development of nodular brain tissue lining the ven-
tricles due to neuronal migration disorder. May coexist with 
other neurologic (such as microcephaly with ARFGEF2 muta-
tions) and non-neurologic (such as cardiovascular anomalies 
with FLNA mutations) features.

Heterotopias, subcortical laminar, X-linked. OMIM 
300067. X-linked/somatic. Gene: DCX. Classic lissencephaly in 
hemizygous males; females may have a milder phenotype (sub-
cortical laminar band heterotopia), also called “double cortex” 
(DC) syndrome, including seizures and intellectual disability.

Holoprosencephaly. OMIM 142945, 157170, 236100, 
609637. Autosomal dominant. Genes: SHH, SIX3, TGIF, ZIC2 
(other genes implicated as well, though with variable evi-
dence). Midline forebrain anomalies, midline facial anomalies 
(can include cyclopia/synophthalmia, proboscis), coloboma, 

cleft lip/palate, single central incisor, diabetes insipidus, vari-
able other central endocrine anomalies, intellectual disability 
in those with structural brain anomalies.

Holmes-Gang syndrome (see Alpha thalassemia—  
intellectual disability).

Holt-Oram syndrome. OMIM 142900. Autosomal 
dominant. Gene:  TBX5. Absent or hypoplastic radius and 
thumbs, atrial septal defect, variable other cardiac and skeletal 
anomalies.

Holzgreve-Thomas syndrome. OMIM 236110. Renal 
agenesis, cleft lip/palate, cardiac defect, variable polydactyly.

Homocystinuria. OMIM 236200. Autosomal reces-
sive. Gene: CBS. Tall stature, hypopigmentation, ectopia len-
tis, myopia, malar flush, predisposition to thromboembolic 
events, fatty liver, pectus excavatum, scoliosis, intellectual dis-
ability, psychiatric disturbance.

Hunter syndrome (see Mucopolysaccharidosis II).
Hurler syndrome (see Mucopolysaccharidosis I).
Hutchinson-Gilford Progeria. OMIM 176670. Autosomal 

dominant. Gene:  LMNA. Short stature, aged-appearing skin 
and distinctive facial appearance (prominent eyes, protrud-
ing ears, thin nose, thin lips, micrognathia, loss of subcutane-
ous fat), alopecia, joint stiffness, hip dislocation, generalized 
arteriosclerosis.

Hydranencephaly-renal aplasia/dysplasia. OMIM 23650. 
Hydranencephaly with multinucleated neurons, renal hypo-
plasia, second-third toe syndactyly.

Hydrocephaly-MASA spectrum. OMIM 303350, 304100, 
307000. X-linked recessive. Gene:  L1CAM. Hydrocephalus, 
corpus callosum dysgenesis, adducted thumbs, spastic para-
plegia, intellectual disability.

Hydrolethalus syndrome. OMIM 236680. Autosomal 
recessive. Genes: HYLS1, KIF7. Hydrocephalus or anenceph-
aly, polydactyly (postaxial of upper limbs, preaxial or postaxial 
of lower limbs), polyhydramnios, and preterm delivery.

Hyperimmunoglobulin E syndrome. OMIM 147060. 
Autosomal dominant. Gene:  STAT3. Recurrent infections, 
eczema, osteoporosis, elevated level of IgE.

Hyperphalangy (see Catel-Manzke syndrome).
Hypoglossia-hypodactylia (Hanhart syndrome). OMIM 

103300. Mandibular hypoplasia, lower incisor aplasia, hypo-
glossia, variable digit/limb reduction.

Hypoinsulinemic hypoglycemia with hemihypertro-
phy. OMIM 240900. Autosomal dominant. Gene:  AKT2. 
Hypoinsulinemia and severe fasting hypoglycemia, asymmet-
ric overgrowth.

Hypomelanosis of Ito. OMIM 300037. Usually sporadic, 
due to chromosomal mosaicism. Unilateral or bilateral mac-
ular hypopigmented whorls, streaks, and patches. May be 
accompanied by additional findings depending on the type 
and distribution of the underlying cytogenomic anomaly.

Hypoparathyroidism, sensorineural deafness, and renal 
dysplasia (Barakat syndrome). OMIM 146255. Autosomal domi-
nant. Gene: GATA3. Hypoparathyroidism, sensorineural deafness, 
renal dysplasia (including steroid-resistant nephrotic syndrome 
with progressive renal failure) or genitourinary anomalies.

Hypophosphatasia. OMIM 241500. Autosomal recessive. 
Gene: ALPL. Low serum and bone alkaline phosphatase activity, 
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with defective bone and/or dental mineralization. Wide range 
of severity, from fetal demise without bone mineralization to 
leg fractures in later adulthood, dental findings involve prema-
ture primary tooth exfoliation and/or dental caries.

Hypothalamic hamartoma-gelastic epilepsy-precocious 
puberty. Early-onset gelastic seizures (episodic ictal laughter) and 
other seizure types, hypothalamic hamartoma, precocious puberty.

Hypothyroidism, congenital, nongoitrous. OMIM 
275200, 275100, 218700, 225200, 614459. Autosomal domi-
nant/autosomal recessive. Genes:  TSHR, TSHB, PAX8, 
NKX2-5, THRA. Thyroid-stimulating hormone (TSH) resis-
tance hypothyroidism causing increased TSH and low thyroid 
hormone, with some developing frank hypothyroidism.

Hypothyroidism-spiky hair-cleft palate (Bamforth-
Lazarus syndrome). OMIM 241850. Autosomal recessive. 
Gene: FOXE1. Congenital hypothyroidism, spiky hair, choanal 
atresia, cleft palate, bifid epiglottis.

Ichthyosis (see Entry 7.2).
Ichthyosis-cheek-eyebrow syndrome. OMIM 146720. 

Autosomal dominant. Ichthyosis vulgaris, distinctive facial 
appearance (sparse lateral eyebrows, prominent/full cheeks), 
high-arched palate, scoliosis, pectus anomalies, pes planus.

IMAGE syndrome. OMIM 614732. Autosomal domi-
nant with imprinting (phenotype is expressed when muta-
tion is maternally inherited). Gene: CDKN1C. Major features 
indicated by acronym:  Intrauterine growth restriction, 
Metaphyseal dysplasia, congenital Adrenal hypoplasia con-
genita, GEnital anomalies; also hypercalcuria, hypocalcemia, 
craniosynostosis, cleft palate, scoliosis, intellectual disability.

Immunodeficiency-centromeric instability-facial anom-
alies 1. OMIM 242860. Autosomal recessive. Gene: DNMT3B. 
Distinctive facial appearance (hypertelorism, epicanthal folds, 
low-set ears, macroglossia), variable immunodeficiency with 
low IgA, breaks, interchanges and other anomalies of chromo-
somes 1, 9, and 16 after phytohemagglutinin (PHA) lympho-
cyte stimulation, intellectual disability.

Immunoosseous dysplasia, Schimke type. OMIM 242900. 
Autosomal recessive. Gene: SMARCAL1. Spondyloepiphyseal 
dysplasia, multiple lentigines, progressive immunodeficiency, 
immune-complex nephritis.

Incontinentia pigmenti. OMIM 308300. X-linked domi-
nant. Gene: IKBKG (NEMO). Females with triphasic skin lesions 
(vesicular, verrucous, hyperpigmented). Over half of individuals 
have findings including microcephaly, eye anomalies (microph-
thalmia, optic atrophy, cataracts, nystagmus, strabismus), dental 
anomalies, spasticity, seizures, intellectual disability.

Jackson-Weiss syndrome. OMIM 123150. Autosomal 
dominant. Gene: FGFR2. Craniosynostosis, prognathia, broad, 
medially deviated first toes with short first metatarsal, calca-
neocuboid fusion, abnormally formed tarsals.

Jansen metaphyseal dysplasia. OMIM 156400. Autosomal 
dominant. Gene: PTHR1. Short limb skeletal dysplasia (undermin-
eralized bones, metaphyseal expansion, short bowed long bones, 
sclerosis of base of skull and irregular ossification of calvaria), mid-
face prominence, micrognathia, enlarged joints, ligamentous laxity.

Jarcho-Levin syndrome (see Spondylocostal dyspla-
sia). Short stature with short and bowed limbs, clinodactyly, 
distinctive facial appearance (prominent upper face, small 

mandible), hypercalcemia, and hypophosphatemia without 
parathyroid abnormalities.

Jervell and Lange-Nielsen syndrome. OMIM 220400. 
Autosomal recessive. Genes:  KCNQ1, KCNE1. Sensorineural 
hearing loss and prolonged QT interval.

Jeune syndrome (see Short rib-thoracic dysplasia).
Johanson-Blizzard syndrome. OMIM 243900. Autosomal 

recessive. Gene:  UBR1. Distinctive craniofacial appearance 
(abnormal hair whorl/frontal upsweep or scalp defects, upslant-
ing palpebral fissures, nasal alae aplasia/hypoplasia, nasolacri-
mal duct fistulae, oligodontia), growth restriction, intellectual 
disability, exocrine pancreatic insufficiency, hypothyroidism, 
hearing loss, imperforate anus, genitourinary/renal anomalies.

Joubert syndrome. OMIM 200990, 213300, 300804, 
608091, 608629, 609583, 610188, 610688, 611560, 612285, 
612291, 613820, 614173, 614424, 614464, 614465, 614615, 
614815, 614844, 614970, 615636, 615665, 616490. Autosomal 
recessive/X-linked recessive (gene variants may also act as mod-
ifiers). Genes:  AHI1, ARL13B, C5ORF42, CC2D2A, CEP290, 
CEP41, CSPP1, CXORF5, INPP5E, KIAA0586, KIF7, NPHP1, 
OFD1, PDE6D, RPGRIP1L, TCTN1, TCTN3,TMEM67, 
TMEM138, TMEM216, TMEM231, TMEM237, TTC21B, 
ZNF423. Neurologic dysfunction, including intellectual dis-
ability, respiratory dysregulation, and seizures, cerebellar 
hypoplasia resulting in neuroradiologic “molar tooth sign.” 
Can include renal anomalies, retinal dystrophy.

Juvenile hyaline fibromatosis. OMIM 228600. Autosomal 
recessive. Gene:  ANTXR2. Hyalinized fibrous tissue growth, 
especially subcutaneous regions of scalp, face, ears, neck, 
hands, feet, variable systemic/visceral involvement, gingival 
hypertrophy, joint contractures, osteopenia, osteoporosis.

Juvenile nephronopthisis (see Entry 30.6)
Kabuki syndrome. OMIM 147920, 300867. Autosomal 

dominant/X-linked recessive. Genes:  KMT2D (MLL2), 
KDM6A. Intellectual disability, growth deficiency, distinc-
tive facial appearance (arched/broad eyebrows, long palpebral 
fissures, lower lateral eyelid eversion, short columella with 
depressed nasal tip, prominent earlobes), persistent fetal fin-
gertip pads. Can also include cardiovascular, genitourinary, 
and gastrointestinal anomalies, cleft lip/palate.

Kallmann syndrome. OMIM 147950, 244200, 308700, 
610628, 612702, 612370, 614858. Autosomal dominant/autoso-
mal recessive/X-linked recessive/Digenic. Genes: CHD7, FGF8, 
FGFR1, KAL1, PROK2, PROKR2, WDR11. Hypogonadotropic 
hypogonadism, anosmia.

Kartagener syndrome (see Primary ciliary dyskinesia).
KBG syndrome. OMIM 148050. Autosomal dominant. 

Gene: ANRD11. Distinctive craniofacial appearance (brachy-
cephaly, wide eyebrows, telecanthus), upper central incisor 
macrodontia, short stature, skeletal anomalies, cryptorchi-
dism, intellectual disability.

Kenny-Caffey syndrome. OMIM 244460. Autosomal reces-
sive. Gene: TBCE. Hypoparathyroidism, growth failure, distinc-
tive facial appearance (deep-set eyes, large earlobes, depressed 
nasal bridge, beaked nose, long philtrum, thin vermilion border, 
micrognathia), osteosclerosis, recurrent bacterial infections, intel-
lectual disability. Sanjad-Sakati syndrome is allelic (but has not 
been reported as including osteosclerosis or recurrent infections).
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Keratitis, Ichthyosis, Deafness (KID) syndrome. OMIM 
148210. Autosomal dominant. Gene:  GJB2. Susceptibility to 
mucocutaneous infections, squamous cell carcinoma.

Keutel syndrome. OMIM 245150. Autosomal recessive. 
Gene: MGP. Abnormal cartilage calcification, peripheral pul-
monary stenosis, midface hypoplasia.

Kindler syndrome. OMIM 173650. Autosomal recessive. 
Gene: FERMT1. Congenital skin fragility, blistering, atrophy, 
scaling, and photosensitivity.

Kleefstra syndrome. OMIM 601253. Autosomal domi-
nant. Gene: EHMT1. Brachycephaly, distinctive facial appear-
ance (coarse features, midface hypoplasia, hypertelorism, 
synophrys, upslanting palpebral fissures, tented lip, progna-
thia, ear dysplasia), natal teeth, brachydactyly, hypopigmenta-
tion, intellectual disability and behavioral disturbances. The 
condition may also involves cytogenomic anomalies affecting 
EHMT1; these patients may have additional features.

Klinefelter syndrome. 47,XXY (may be mosaic). Tall stat-
ure with long limbs and low upper-to-lower segment ratio, 
gynecoid habitus, gynecomastia, hypogonadism, reduced fer-
tility, learning disabilities.

Klippel-Feil syndrome. OMIM 118100, 613702, 214300. 
Autosomal dominant/autosomal recessive. Genes:  GDF6, 
GDF3, MEOX1. Cervical vertebral segmentation anomaly with 
fused vertebrae; clinical triad involves short neck, low poste-
rior hairline, limited neck movement.

Klippel-Trenaunay-Weber syndrome. OMIM 149000. 
Large cutaneous hemangiomas, hypertrophy of underlying 
bones/soft tissues.

Kniest dysplasia. OMIM 156550. Autosomal dominant. 
Gene:  COL2A1. Short stature, short limbs, enlarged and stiff 
joints, finger contractures, skeletal anomalies (kyphoscoliosis, 
platyspondyly, bell-shaped chest, long bone dysplasia), talipes 
equinovarus, distinctive facial appearance (round face, midface 
hypoplasia, hypertelorism, prominent eyes, cleft palate), myopia.

Knobloch syndrome. OMIM 267750. Autosomal reces-
sive. Gene: COL18A1. Eye anomalies, occipital skull defects.

Kohlschutter-Tonz syndrome. OMIM 226750. Autosomal 
recessive. Gene: ROGDI. Seizures, intellectual disability, ame-
logenesis imperfecta.

Kuskokwim syndrome. OMIM 208200. Autosomal reces-
sive. Gene: IKBP10. Flexion contractures of lower limbs.

Lacrimo-Auriculo-Dento-Digital syndrome (LADD syn-
drome). OMIM 149730. Genes: FGF10, FGFR2, FGFR3. Autosomal 
dominant. Absence or abnormal lacrimal puncta, duct, or glands; 
cup-shaped ears; mixed hearing loss; absent, abnormally-shaped, 
late erupting, and enamel-deficient teeth; absent or short radius; 
absent, hypoplastic, triphalangeal, or duplicated thumbs.

LADD syndrome (see Lacrimo-Auriculo-Dento-Digital 
syndrome).

Langer-Giedion syndrome (see Trichorhinophalangeal 
syndrome, type II).

Larsen syndrome. OMIM 150250. Autosomal dominant. Gene: 
FLNB. Distinctive facial appearance (prominent forehead, hyper-
telorism, flat midface, cleft palate), short stature, scoliosis/kyphosis, 
joint dislocations, spatula-shaped digits, hearing impairment.

Laryngeal atresia-encephalocele-limb deformities. 
OMIM 607132. Laryngeal atresia, anterior encephalocele, limb 

anomalies (flexion deformities, syndactyly, camptodactyly, 
radial, tibial, and other skeletal aplasia/hypoplasia), variable 
additional anomalies.

Laterality defects (see Heterotaxy).
Lateral meningocele. OMIM 130720. Autosomal domi-

nant. Gene NOTCH3. Lateral meningocele, distinctive facial 
appearance (high arched eyebrows, hypertelorism, telecanthus, 
downslanting palpebral fissures, ptosis, midface hypoplasia, low-
set,  posteriorly-angulated ears, high-arched palate, micrognathia), 
dental crowding, cryptorchidism, skeletal anomalies (including 
scoliosis, Wormian bones, pectus excavatum, vertebral scalloping), 
short stature, joint hypermobility, hernias, conductive hearing loss, 
Chiari I malformation, hypotonia, variable developmental delay.

Laurence-Moon syndrome. OMIM 245800. Retinitis pig-
mentosa, hypogenitalism, intellectual disability.

Lehman syndrome (see Lateral meningocele).
Lenz-Majewski hyperostotic dysplasia. OMIM 151050. 

Autosomal dominant. Gene: PTDSS1. Intellectual disability, short 
stature, brachydactyly, prominent forehead, hyperostosis, elbow 
and knee contractures, cutis laxa, progressive osteosclerosis.

Lenz microphthalmia syndrome. OMIM 309800. 
X-linked recessive. Gene: NAA10 (in one family). Short stat-
ure, microcephaly, microphthalmia, malformed ears, cleft lip/
palate, dental anomalies, narrow shoulders, urogenital anoma-
lies, scoliosis, duplication of thumbs or other digital anoma-
lies, intellectual disability.

LEOPARD syndrome (see Multiple lentigines syndrome).
Lesch-Nyhan Syndrome. OMIM 300322. X-linked 

recessive. Gene:  HPRT. Spasticity, choreoathetosis, seizures, 
self-mutilation, uric acid stones, intellectual disability.

Lethal congenital contractures syndrome. OMIM 
253310, 607598, 611369, 614915, 615368, 616248, 616286, 
616287. Autosomal recessive Genes: GLE1, ERBB3, PIP5K1C, 
MYBPC1, DNM2, ZBTB42, CNTNAP1, ADCY6. Severe, neo-
natally lethal arthrogryposis, with congenital nonprogressive 
joint contractures involving upper and/or lower limbs and ver-
tebral column; some types may include additional findings.

Levy-Holister syndrome (see Lacrimo-Auriculo-Dento-
Digital syndrome).

Leydig cell hypoplasia. OMIM 238320. Autosomal reces-
sive. Gene: LHCGR. Type I (severe): 46,XY disorder of sex devel-
opment, low testosterone, high LH, absent response to LH/CG 
challenge, lack of breast development, no development of sec-
ondary male sex characteristics. Type II (milder): ranges from 
micropenis to severe hypospadias. Females may have defective 
follicular development and ovulation, amenorrhea, infertility.

Limb-body wall complex. Exencephaly/encephalocele, 
anterior body wall defects, limb anomalies, variable facial 
clefts. May include Amniotic band sequence (OMIM 217100).

Lipoid congenital adrenal hyperplasia. OMIM 201710. 
Autosomal recessive. Gene:  STAR. Steroid hormone biosyn-
thesis disorder with XY complete gonadal dysgenesis and min-
eralocorticoid and glucocorticoid insufficiency.

Lissencephaly, X-Linked. OMIM 300067. X-linked domi-
nant. Gene:  DCX. Microcephaly, neuronal migration defect 
(frontal pachygyria in males, subcortical band heterotopia in 
females), hypoplastic genitalia, hypotonia, seizures, spasticity, 
intellectual disability.
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Lissencephaly with abnormal genitalia, X-linked. 
OMIM 300215. X-linked recessive. Gene: ARX. Microcephaly, 
lissencephaly, agenesis of corpus callosum, thin cerebral cor-
tex, abnormal genitalia, chronic diarrhea, intractable seizures, 
intellectual disability.

Lissencephaly. OMIM 607432, 257320, 611603, 
614019, 615191. Autosomal dominant/autosomal reces-
sive. Genes:  PAFAH1B1, RELN, TUBA1A, NDE1, LAMB1. 
Lissencephaly, involving several subtypes as well as a range of 
severity, from complete agyria to subcortical band heterotopia; 
may also co-occur with other neuroanatomic anomalies and 
includes intellectual disability.

Loeys-Dietz syndrome. OMIM 609192, 610168, 613795, 
614816. Autosomal dominant. Genes:  TGFBR1, TGFBR2, 
SMAD3, TGFB2. Arterial tortuosity and aneurysms, hyper-
telorism, bifid uvula or cleft palate; may also include craniosyn-
ostosis, additional cardiac anomalies, arachnodactyly, scoliosis, 
talipes equinovarus, thin skin with easy bruising/striae.

Lowe Syndrome. OMIM 309000. X-linked recessive. 
Gene: OCRL1. Short stature, cataracts, renal tubular dysfunc-
tion, hypotonia, areflexia, intellectual disability.

Lujan Syndrome. OMIM 309520. X-linked recessive. 
Gene:  MED12 (HOPA). Growth in upper centiles, Marfanoid 
skeletal habitus, distinctive facial appearance (including long face, 
prominent forehead, high nasal bridge, high-arched palate, low-set, 
posteriorly angulated ears), pectus excavatum, long hands and feet, 
thin digits, behavioral abnormalities, intellectual disability.

Lymphedema-distichiasis syndrome. OMIM 153400. 
Autosomal dominant. Gene:  FOXC2. Lymphedema of limbs, 
double rows of eyelashes; may include ptosis, cleft palate, car-
diac anomalies, spinal extradural cysts.

Lymphedema, hereditary (IA and IC). OMIM 153100, 
613480. Autosomal dominant. Gene:  FLT4, GJC2. Chronic 
lymphedema, typically with congenital or early pediatric onset, 
due to underlying lymphatic anomalies, variable dermatologic 
involvement (nail dysplasia, papillomatosis).

MACS syndrome. OMIM 613075. Autosomal recessive. 
Gene: RIN2. Features indicated by the acronym: Macrocephaly, 
Alopecia, Cutis laxa, Scoliosis; also involves distinctive facial 
appearance (progressively coarsening of features, gingival 
hypertrophy), variable additional features.

Majewski osteodysplastic primordial dwarfism II (see 
Microcephalic osteodysplastic primordial dwarfism, type II).

Majewski short-rib polydactyly (see Short-rib thoracic 
dysplasia).

Mandibuloacral dysplasia with lipodystrophy. OMIM 
248370, 608612. Autosomal recessive/autosomal dominant. 
Genes:  LMNA, ZMPSTE24. Growth restriction, distinctive 
facial appearance (mandibular hypoplasia), dental anomalies, 
wide cranial sutures, progressive osteolysis of distal phalanges 
and clavicles, pigmentary skin changes, lipodystrophy (vari-
able according to subtype), variable progeroid features, insulin 
resistance, diabetes mellitus.

Manitoba oculotrichoanal (MOTA) syndrome. OMIM 
248450. Autosomal recessive. Gene: FREM1. Ocular anomalies 
(eyelid colobomas, cryptophthalmos, anophthalmia/microph-
thalmia), hairline anomalies, bifid or broad nasal tip, gastroin-
testinal anomalies (omphalocele, anal stenosis).

Mannosidosis. OMIM 248510. Autosomal recessive. 
Gene:  MAN2B1. Lysosomal storage disease with distinctive 
craniofacial appearance (macrocephaly, hydrocephalus, heavy 
eyebrows, epicanthus), corneal clouding, cataracts, macroglos-
sia, hepatosplenomegaly, dysostosis multiplex, hernias, hypoto-
nia, deafness, intellectual disability, subtype II with later onset.

Marden-Walker syndrome. OMIM 248700. Autosomal 
dominant. Gene: PIEZO2. Joint contractures, camptodactyly, 
distinctive facial appearance (including “immobile facies,” 
blepharophimosis, cleft palate), low muscle bulk, hindbrain 
malformations (Dandy-Walker malformation), intellectual 
disability. Overlaps with Distal arthrogryposis types 3 and 5, 
which are allelic.

Marfan syndrome. OMIM 154700. Gene:  FBN1. Tall 
stature, gaunt face, ectopia lentis, pectus abnormality, aortic 
root dilation or dissection, scoliosis, hypermobile joints, long 
limbs, arachnodactyly.

Maroteaux-Lamy (see Mucopolysaccharidosis VI).
Marshall-Smith syndrome. OMIM 602535. Autosomal 

dominant. Gene: NFIX. Distinctive facial appearance (promi-
nent forehead, shallow orbits, blue sclerae, flat nasal bridge, 
micrognathia), accelerated osseous maturation, intellectual 
disability.

Martinez-Frias syndrome. OMIM 601346. Autosomal 
recessive. Pancreatic hypoplasia, intestinal atresia, gallbladder 
aplasia/hypoplasia, variable tracheoesophageal fistula.

MASA syndrome. OMIM 303350. Autosomal dominant. 
Gene:  L1CAM. Features indicated by the acronym:  Mental 
retardation, Aphasia, Shuffling gait, Adducted thumbs.

Maternal diabetes mellitus. Excessive intrauterine 
growth, approximately threefold increased risk of cardiac 
anomalies (conotruncal defects, VSD, dextrocardia), central 
nervous system (hydrocephalus, anencephaly, spina bifida), 
skeleton (vertebral segmentation defects, caudal dysgenesis, 
limb reduction defects, femoral hypoplasia, proximally placed 
great toes, sirenomelia), neonatal hypoglycemia and hypocal-
cemia, cardiomyopathy.

Maternal phenylketonuria. Prenatal and postnatal growth 
restriction, microcephaly, cardiac defects, intellectual disability.

Matthew-Wood syndrome. OMIM 601186. Autosomal 
recessive. Gene: STRA6. Anophthalmia or severe microphthal-
mia, distinctive facial appearance described in some patients, 
multiple congenital anomalies including pulmonary agenesis, 
diaphragmatic hernia, cardiac, and genitourinary anomalies.

Mayer-Rokitansy-Kuster-Hauser syndrome. OMIM 
277000. Uterovaginal atresia in 46,XX female.

McCune-Albright syndrome. OMIM 174800. Somatic. 
Gene:  GNAS1. Polyostotic fibrous dysplasia, cafe-au-lait 
hyperpigmentation, peripheral precocious puberty, variable 
additional endocrinologic anomalies (Cushing syndrome, 
pituitary gigantism, thyrotoxicosis).

McKusick-Kaufman syndrome. OMIM 236700. Autosomal 
recessive. Gene:  MKKS. Polydactyly, genitourinary malforma-
tions (hydrometrocolpos in females, hypospadias, cryptorchi-
dism, chordee in males), congenital cardiac anomalies.

Meckel syndrome (see Meckel-Gruber syndrome).
Meckel-Gruber syndrome. OMIM 24900, 603194, 

607361, 611134, 611561, 612284, 267010, 613885, 614209, 
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614175, 615397. Autosomal recessive. Genes:  B9D1, B9D2, 
CC2D2A, CEP290, MKS1, NPHP3, RPGRIPL, TCTN2, TMEM 
67, TMEM216, TMEM231. Ciliopathy, with wide clinical range 
of manifestations, including cystic renal disease, central ner-
vous system malformations (especially occipital encephalo-
cele), hepatic anomalies (portal fibrosis, ductal proliferation), 
polydactyly (typically postaxial), variable additional anoma-
lies. Allelic with multiple other ciliopathies with overlapping 
features.

Megalencephalic leukoencephalopathy-subcortical 
cysts. OMIM 604004. Autosomal recessive. Gene: MLC1. Leu-
kodystrophy, with early-onset macrocephaly, later-onset neu-
rodegeneration.

Meier-Gorlin syndrome. OMIM 2246900. Autosomal 
recessive. Gene:  ORC1. Severe intrauterine and postnatal 
growth restriction, microcephaly, microtia, patellar aplasia/
hypoplasia.

Melkersson-Rosenthal syndrome. OMIM 155900. 
Chronic facial swelling, peripheral facial palsy, lingua plicata.

Melnick-Needles syndrome. OMIM 309350. X-linked 
dominant. Gene: FLNA. Severe form of the FLNA-related oto-
palatodigital syndromes. Prenatal or early lethality in males; 
growth restriction, distinctive facial appearance (asymmetry, 
proptosis, full cheeks, micrognathia), thorax hypoplasia, sco-
liosis, long digits with mild distal phalangeal hypoplasia, limb 
bowing, joint subluxation, sensorineural and conductive hear-
ing loss, hydronephrosis.

Menkes Syndrome. OMIM 309400. X-linked recessive. 
Gene:  ATP7A. Growth deficiency, full cheeks, sparse hair 
and eyebrows, twisted or broken hair shafts, lax and hypopig-
mented skin, seborrheic dermatitis, tortuous arteries, metaph-
yseal abnormalities, hypothermia, hypertonicity, seizures, 
lethargy, severe intellectual disability.

Mesomelic dysplasia, Kantaputra type. OMIM 156232. 
Autosomal dominant. Symmetric shortening of upper and 
lower limbs, with short ulnae, bowed radii, dumbbell-shaped 
distal humerus, progressive interphalangeal flexion contrac-
tures, carpal and tarsal synostoses, feet fixed in plantar flexion, 
prominent ventral aspect of distal fibula, aplasia or hypoplasia 
of calcaneus, small fibula and talus, fibulocalcaneal synostosis.

Metatropic dysplasia. OMIM 156530. Autosomal domi-
nant. Gene:  TRPV4. Short limbs, narrow chest, prominent 
joints with limited mobility, kyphoscoliosis, sacral appendage, 
skeletal changes (small epiphyses and wide metaphyses of long 
bones, small diamond shaped vertebral bodies, platyspondyly).

Michelin tire syndrome. OMIM 156610. Multiple benign 
circumferential limb creases.

Microcephalic osteodysplastic dwarfism, type II. OMIM 
210720. Autosomal recessive. Gene:  PCNT. Microcephaly, 
intrauterine growth restriction, severe proportionate short 
stature, skeletal anomalies (brachymesophalangy, brachymeta-
carpy, high and narrow pelvis, V-shaped flare of distal femo-
ral metaphyses, triangular shape of distal femoral epiphyses, 
proximal femoral epiphysiolysis, coxa vara) variable intellec-
tual disability.

Microcornea, myopic chorioretinal atrophy, and telecan-
thus. OMIM 615458. Autosomal recessive. Gene: ADAMTS18. 
Myopic chorioretinal atrophy, telecanthus.

Microphthalmia. OMIM 206900, 206920, 212550, 300166, 
309801, 600037, 601186, 607932, 610092, 610093, 610425, 
611038, 611040, 611638, 613094, 613703, 613704, 613858, 
614402, 614497, 615113, 615145, 615524. Autosomal domi-
nant/autosomal recessive/X-linked/digenic. Genes:  ABCB6, 
ALDH1A3, BCOR, BMP4, CRYBA4, GDF3, GDF6, HCCS, 
MFRP, OTX2, PRSS56, RARB, RAX, SHH, SIX6, SMOC1, 
SOX2, STRA6, TENM3, VAX1, VSX2. Microphthalmia can 
occur as an isolated finding or co-occur with other ophthal-
mologic anomalies, (such as coloboma, cataract); may also 
occur in the context of many syndromes with multiorgan 
manifestations.

Microphthalmia-cataracts-iris abnormalities (see 
Entry 12.2).

MIDAS syndrome. OMIM 309801. X-linked dominant. 
Gene:  HCCS. Females with short stature, eye anomalies 
(microphthalmia, corneal opacification, glaucoma, cataracts, 
orbital cysts, retinal dysplasia or detachment), brain malfor-
mations (corpus callosum, dysgenesis, absent septum pel-
lucidum, cystic cerebellar lesions, ventriculomegaly), linear 
areas of dermal aplasia of the face, neck and upper torso.

Miles-Carpenter Syndrome. OMIM 309605. X-linked 
recessive. Gene: ZB4H2. Short stature, microcephaly, distinc-
tive facial appearance (facial asymmetry, medial flare to eye-
brows, exotropia, ptosis, small palpebral fissures, thick alae 
nasi, midface hypoplasia, open mouth, thick alveolar ridges, 
high-arched palate, malocclusion), pectus excavatum, sco-
liosis, long hands, arch fingerprints, rocker-bottom feet with 
vertical talus, spasticity, intellectual disability. Wieacker-Wolff 
syndrome is allelic.

Miller syndrome (Postaxial acrofacial dysostosis). OMIM 
263750. Autosomal recessive. Gene:  DHODH. Distinctive 
facial appearance (eyelid coloboma, cleft lip/palate, severe 
micrognathia), posterior limb aplasia/hypoplasia, supernu-
merary nipples.

Miller-Dieker syndrome. OMIM 247200. Autosomal 
dominant. Heterozygous deletion of chromosome 17p13.3 
(containing the gene LIS1). Lissencephaly with seizures and 
intellectual disability, distinctive craniofacial appearance 
(microcephaly with narrow forehead, prominent occiput, wrin-
kled skin over the frontal suture and glabella, down-slanting 
palpebral fissures, small nose and chin), cardiac anomalies, 
hypoplastic genitalia in males.

Mitchell-Riley syndrome. OMIM 615170. Autosomal 
recessive. Gene:  RFX6. Pancreatic hypoplasia with neonatal 
diabetes, intestinal atresia, gallbladder aplasia/hypoplasia.

Moebius syndrome. OMIM 157900. Autosomal domi-
nant/autosomal recessive forms described. Congenital facial 
palsy with impaired ocular abduction; cranial nerve VI and 
VII most frequently involved, variable orofacial anomalies, 
limb anomalies, intellectual disability.

Mohr syndrome (see Orofaciodigital syndrome II).
Morquio syndrome (see Mucopolysaccharidosis IV).
MOTA syndrome (see Manitoba oculotrichoanal 

syndrome).
Mowat-Wilson syndrome. OMIM 235730. Autosomal 

dominant. Gene:  ZEB2. Hirschprung disease, genitourinary 
anomalies (frequent hypospadias in males), congenital heart 
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defects (often involving the pulmonary arteries/valves), cor-
pus callosum anomalies, ophthalmologic anomalies (Azenfeld 
anomaly, microphthalmia). Intellectual disability, growth 
restriction, microcephaly.

Mucopolysaccharidosis I (Hurler syndrome) (I, I-H, I/V). 
OMIM 252800, 607014. Autosomal recessive. Gene:  IDUA. 
Lysosomal storage disease with short stature, large head, 
cloudy corneas, retinal degeneration, coarse facies, hepato-
splenomegaly, hernias, joint limitation, clawed hands, gib-
bus deformation, dysostosis multiplex, hirsutism, intellectual 
disability, excessive urinary excretion of dermatan sulfate 
and heparan sulfate. Subtype I/V has small jaw and slower 
progression.

Mucopolysaccharidosis II (Hunter syndrome). OMIM 
309900. X-linked recessive. Gene: IDS. Macrocephaly, coarse 
facies, hepatosplenomegaly, hernias, dysostosis multiplex, joint 
stiffness, thick skin and skin nodules. Behavioral disturbances, 
hearing loss, and intellectual disability in MPSIIA, normal or 
mild intellectual disability in MPSIIB.

Mucopolysaccharidosis III (Sanfilippo syndrome). 
OMIM 252900, 252920, 252930, 252940. Autosomal recessive. 
Genes:  III A-SGSH, IIIB-NAGLU, IIIC-HGSNAT, IIID-GNS. 
Lysosomal storage disease with coarse facies, skeletal changes 
(thick calvaria, wide clavicles, rounded appearance of vertebral 
bodies), intellectual disability, behavioral disturbances, exces-
sive urinary excretion of heparin sulfate.

Mucopolysaccharidosis IV (Morquio syndrome). OMIM 
253000, 253010. Autosomal recessive. Genes:  IVA-GALNS, 
IVB-GLB1. Lysosomal storage disease with short stature, cor-
neal clouding, prominent lower jaw, pectus carinatum, genu 
valga, pes planus, ligamentous laxity, skeletal changes (odon-
toid hypoplasia, platyspondyly, hip dysplasia, coxa vara, genu 
valga), hearing loss, normal intellect, excessive urinary excre-
tion of keratan sulfate and chondroitin-6-sulfate. Subtype IVB 
has much milder somatic phenotype.

Mucopolysaccharidosis VI (Maroteaux-Lamy syndrome). 
OMIM 253200. Autosomal recessive. Gene: ARSB. Lysosomal 
storage disease with short stature, macrocephaly, coarse facies, 
corneal clouding, joint limitation, clawed hands, skeletal 
changes (enlarged sella turcica, short long bones with diaphy-
seal widening, proximal pointing of metacarpals, hip dyspla-
sia, abnormal shape to vertebral bodies), increased urinary 
excretion of dermatan sulfate.

Mucopolysaccharidosis VII (Sly syndrome). OMIM 
253220. Autosomal recessive. Gene:  GUSB. Lysosomal stor-
age disease with variable phenotypes including fetal type with 
hydrops; infantile type with short stature, coarse facies, cloudy 
corneas, pectus carinatum, hepatosplenomegaly, gibbus defor-
mation, dysostosis multiplex; intermediate type with short 
stature, coarse facies, macrocephaly, cloudy corneas, pectus 
carinatum, joint contractures, hernias; late onset type with 
minimally coarse facies, corneal clouding, pectus carinatum, 
kyphoscoliosis, hip dysplasia.

Mucolipidosis II (I-cell disease, Leroy disease). OMIM 
252500. Autosomal recessive. Gene:  GNPTAB. Lysosomal 
storage disease with short stature, coarse facies, cloudy 
corneas, gingival hypertrophy, joint limitation, dysosto-
sis multiplex, intellectual disability, elevated levels of some 

lysosomal hydrolases in plasma, increased urinary excretion 
of oligosaccharides.

Mucolipidosis III (PseudoHurler polydystrophy). OMIM 
252600, 252605. Autosomal recessive. Genes:  GNPTAB, 
GNPTG. Lysosomal storage disease with short stature, rounded 
face with mild coarseness, cloudy corneas, joint limitation, 
dysostosis multiplex, mild intellectual disability in some, ele-
vated levels of some lysosomal hydrolases in plasma, increased 
urinary excretion of oligosaccharides.

Muenke syndrome. OMIM 602849. Autosomal dominant. 
Gene:  FGFR3 (p.Pro250Arg). Molecularly-defined condition 
of coronal craniosynostosis, macrocephaly, midface hypopla-
sia, hearing loss, behavioral disturbances, variable intellectual 
disability, thimble-shaped middle phalanges, brachydactyly.

Müllerian aplasia-hyperandrogenism. OMIM 158330. 
Autosomal dominant. Gene: WNT4. Absent Müllerian struc-
tures, androgen excess, variable renal anomalies.

Multiple intestinal atresia. OMIM 243150. Autosomal 
recessive. Gene:  TTC7A. Multiple intestinal atresia affect-
ing the large and small intestines. Can include combined 
immunodeficiency.

Multiple lentigines syndrome (LEOPARD syndrome). 
OMIM 151100, 611554, 613707. Autosomal dominant. 
Genes: BRAF, PTPN11, RAF1. Multiple lentigines, electrocar-
diographic conduction abnormalities, ocular hypertelorism, 
pulmonic stenosis, abnormal genitalia, growth restriction, 
sensorineural deafness.

Multiple pterygia syndrome. OMIM 253290, 265000, 
2018150. Autosomal recessive. Genes:  CHRNA1, CHRND, 
CHRNG, DOK7, RAPSN (including non-lethal as well as 
lethal types). Lethal type with akinesia/hypokinesia sequence; 
non-lethal type with fetal joint contractures, webbing of the 
neck, elbows, knees, respiratory distress. Some genes are 
involved with congenital myasthenic syndromes, which may 
be considered to represent milder forms of the condition.

Multiple pterygia-malignant hyperthermia. OMIM 
217150. Multiple pterygia (including axillary webbing), cleft 
palate, malignant hyperthermia in response to anesthesia.

Multiple synostoses syndrome. OMIM 186500, 610017, 
612961. Autosomal dominant. Genes:  NOG, GDF5, FGF9. 
Synostoses affecting multiple joints; may also involve addi-
tional skeletal anomalies as well as distinctive facial appearance.

MURCS association. OMIM 601076. Features indicated 
by the acronym: Müllerian duct aplasia, Unilateral Renal apla-
sia, Cervicothoracic Somite anomalies; variable additional 
anomalies.

Myotonic dystrophy. OMIM 160900, 602668. Autosomal 
dominant tri/tetranucleotide (depending on underlying gene) 
repeat disorder with anticipation. Genes:  DPMK, ZNF9. 
Myotonia, muscular dystrophy, cataracts, hypogonadism, 
frontal balding, arrhythmias, variable additional features, 
with manifestations and severity varying with number of 
expansions.

Nager syndrome (Nager acrofacial dysostosis). OMIM 
154400. Autosomal dominant. Gene: SF3B4. Distinctive facial 
appearance (downslanting palpebral fissures, midface hypo-
plasia, micrognathia), radial and thenar aplasia/hypoplasia, 
triphalangeal thumbs, radioulnar synostosis.
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Nail-patella syndrome. OMIM 161200. Autosomal 
dominant. Gene LMX1B. Absent or underdeveloped and 
discolored nails, abnormal patellas (absent, hypoplastic, 
deformed or dislocated), iliac horns, radial head dislocation, 
glomerulonephropathy.

Nance-Horan syndrome. OMIM 302350. X-linked reces-
sive. Gene:  NHS. Cataracts, microcornea, distinctive facial 
appearance (prominent nose, retracted midface, prominent 
mandible, high-arched palate), short broad fingers, dental  
anomies, intellectual disability.

Netherton syndrome. OMIM 256500. Autosomal reces-
sive. Gene: SPINK5. Trichorrhexis nodosa/invaginata (“bam-
boo hair”), congenital ichthyosiform erythroderma, atopy.

Neu-Laxova syndrome. OMIM 256520. Autosomal 
recessive. Genes:  PHGDH, PSAT, PSPH. Intrauterine growth 
restriction, microcephaly, neuronal migration defect, hypopla-
sia of corpus callosum, distinctive facial appearance (sloped 
forehead, hypertelorism, proptosis, short eyelids, low-set ears, 
flat nose, open mouth, micrognathia), short neck, ichthyosis, 
hyperkeratosis, edema of hands and feet, flexion contractures 
and other limb deformations, decreased fetal movement, lethal 
in early infancy.

Neurocutaneous melanosis. OMIM 249400. Somatic. 
Gene:  NRAS. Seizures and neurocognitive dysfunction 
due to melanin-producing cells in brain parenchyma or 
leptomeninges.

Neurofibromatosis, type I.  OMIM 162200. Autosomal 
dominant. Gene:  NF1. Café-au-lait macules, axillary/ingui-
nal freckling, cutaneous neurofibromas, Lisch nodules, learn-
ing disabilities, plexiform neurofibromas, optic nerve/central 
nervous system gliomas, malignant peripheral nerve sheath 
tumors, skeletal anomalies (scoliosis, tibial dysplasia).

Neutral lipid storage disease with ichthyosis (see 
Chanarin-Dorfman syndrome).

Nevo syndrome (see Ehlers-Danlos syndrome, type VI).
Noonan syndrome. OMIM 163950, 610733, 611553, 

613224, 613706, 615107, 615355. Autosomal dominant. 
Genes: PTPN11, BRAF, KRAS, MAP2K1, NRAS, RAF1, RIT1, 
SHOC2, SOS1. Growth restriction, distinctive facial appear-
ance (broad forehead, hypertelorism, downslanting palpebral 
fissures, high-arched palate, low-set, posteriorly angulated 
ears), webbed neck, cardiac anomalies (especially pulmonic 
stenosis and hypertrophic cardiomyopathy), skeletal anoma-
lies, cryptorchidism, bleeding diathesis, intellectual disabil-
ity, increased susceptibility to hematologic malignancies and 
other neoplasms.

Norrie disease. OMIM 310600. X-linked recessive. 
Gene:  NDP. Progressive ophthalmopathy (iris atrophy, uveal 
ectropion, anterior and posterior synechiae, cataracts, retinal 
dysplasia, hyperplastic vitreous), adult-onset hearing loss, 
intellectual disability.

Occipital horn syndrome. OMIM 304150. X-linked reces-
sive. Gene:  ATP7A. Skeletal anomalies including occipital 
abnormalities, joint laxity, hernias, hyperelastic, easily bruis-
able skin, varicosities, bladder diverticula, variable intellectual 
ability. Menkes syndrome is allelic.

Oculoauriculovertebral syndrome. Usually sporadic. 
Unknown etiology. First and second branchial arch defects 

(including malar, maxillary, or mandibular hypoplasia, mac-
rostomia, microtia and/or preauricular pits/tags), often 
accompanied by vertebral anomalies, renal defects, and ocular 
anomalies. Can also include neuroanatomic anomalies.

Oculofaciocardiodental (see Microphthalmia).
Oculocerebrocutaneous syndrome. OMIM 164180. 

Sporadic. Eye abnormalities (microphthalmia, coloboma, 
orbital cysts) cerebral malformations (agenesis of the corpus 
callosum, ventricular anomalies, Dandy-Walker anomaly) and 
skin abnormalities (localized areas of hypoplasia/aplasia, peri-
orbital skin tags), intellectual ability.

Oculodentodigital dysplasia. OMIM 164200. Autosomal 
dominant. Gene:  GJA1. Ocular anomalies (microcornea, 
microphthalmia), fourth and fifth finger syndactyly (variable 
third finger syndactyly), camptodactyly, distinctive facial 
appearance (epicanthal folds, narrow nasal bridge, hypo-
plastic alae nasi, prominent columella, anteverted nares), 
small teeth, frequent caries, variable intellectual disability, 
lymphedema.

OEIS. OMIM 258040. Features indicated by the acro-
nym: Omphalocele, Exstrophy of the cloaca, Imperforate anus, 
Spinal defects; may represent severe exstrophy-epispadias 
sequence.

Ohdo syndrome. OMIM 300895. X-linked recessive. 
Gene: MED12. Distinctive facial appearance (blepharophimo-
sis, ptosis, wide and low nasal bridge, long and flat philtrum, 
thin vermilion, microstomia, micrognathia), genital anomalies 
(cryptorchidism, scrotum hypoplasia), joint hyperextensibil-
ity, deafness, intellectual disabilities. See also Opitz-Kaveggia 
and Lujan-Fryns syndromes.

Okihiro syndrome. OMIM 126800. Autosomal dominant. 
Gene:  SALL4. Thenar hypoplasia, thumb anomalies, Duane 
anomaly, hearing loss.

Oliver-McFarlane syndrome. OMIM 275400. 
Trichomegaly, growth restriction, retinitis pigmentosa, intel-
lectual disability.

Opitz C syndrome (see C syndrome).
Opitz-FG syndrome (see Opitz-Kaveggia syndrome).
Opitz GBBB syndrome (Telecanthus-hypospadias). 

OMIM 300000. Autosomal dominant/X-linked recessive. 
Gene: MID1, SPECC1L. Distinctive facial appearance (hyper-
telorism, hypospadias, cleft lip/palate), laryngotracheoesopha-
geal anomalies, imperforate anus, cardiac defects, intellectual 
disability.

Opitz-Kaveggia syndrome (FG syndrome). OMIM 
305450. X-linked recessive Gene: MED12. Macrocephaly with 
distinctive facial appearance (hypertelorism, downslanting 
palpebral fissures, prominent forehead, frontal hair upsweep), 
broad thumbs and halluces, corpus callosum agenesis, anorec-
tal malformation, constipation.

Orofaciodigital syndrome I.  OMIM 311200. X-linked 
dominant. Gene:  OFD1. Females with distinctive craniofa-
cial appearance (including dystopia canthorum, flat midface, 
hypoplastic alar cartilages, midline pseudocleft of lip, highly 
arched or irregularly cleft palate), tongue lobation and hamar-
tomas, aberrant frenuli, hypodontia, asymmetric shortening of 
digits, clinodactyly, preaxial polydactyly of the feet, dry scalp 
hair, alopecia, transient milia, adult-onset polycystic kidney 
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disease, brain anomalies (hydrocephalus, porencephaly, agen-
esis of corpus callosum), intellectual disability in approxi-
mately half of females; lethal in males.

Orofaciodigital syndrome II (Mohr syndrome). OMIM 
252100. Autosomal recessive. Hydrocephalus, distinctive facial 
appearance (including median cleft lip, cleft palate, bifid nasal 
tip), tongue clefts, tongue nodules, accessory frenula, clinod-
actyly, brachydactyly, syndactyly, preaxial or postaxial poly-
dactyly of hands and feet.

Orofaciodigital syndrome III (Sugarman syndrome). 
OMIM 258850. Autosomal recessive. Distinctive facial appear-
ance (including bulbous nose), tongue clefts, tongue nodules, 
bifid uvula, postaxial polydactyly of hands and feet, myoclonic 
jerks, see-saw eye winking.

Orofaciodigital syndrome IV (Mohr-Majewski syn-
drome, Baraitser-Burn syndrome). OMIM 258860. Autosomal 
recessive. Gene: TCTN3. Porencephaly, cerebral atrophy, dis-
tinctive facial appearance (including low-set ears, tongue nod-
ules, lobated tongue, cleft palate, micrognathia), clinodactyly, 
brachydactyly, syndactyly, preaxial or postaxial polydactyly of 
hands and feet, tibial defects.

Orofaciodigital syndrome V (Thurston syndrome). 
OMIM 174300. Autosomal recessive. Gene:  DDX59. 
Hydrocephalus, median cleft lip, accessory oral frenula, post-
axial polydactyly of hands and feet.

Orofaciodigital syndrome VI (Varadi-Papp syndrome). 
OMIM 277170. Autosomal recessive. Gene:  C5ORF42. 
Cerebellar vermis hypoplasia and molar tooth sign, distinc-
tive facial appearance (broad nasal tip, cleft lip/palate, lobated 
tongue, tongue nodules, accessory oral frenula), clinodactyly, 
brachydactyly, syndactyly and central polydactyly of hands, 
preaxial polysyndactyly of feet, renal agenesis/dysplasia, severe 
intellectual disability.

Orofaciodigital syndrome VII (Whelan syndrome). OMIM 
608518. Autosomal dominant/X-linked dominant. Distinctive 
facial appearance (including preauricular skin tags, bifid nasal tip, 
cleft lip/palate, tongue nodules, accessory oral frenula), clinodactyly 
of hands, preaxial or postaxial polydactyly of feet, hydronephrosis.

Orofaciodigital syndrome VIII (Edwards syndrome). 
OMIM 300484. X-linked recessive. Distinctive facial appear-
ance (including bifid nasal tip, median cleft lip, lobated tongue, 
tongue nodules, accessory oral frenula), oligodontia, hypo-
plastic epiglottis, preaxial or postaxial polydactyly of hands, 
preaxial polydactyly of feet, tibial and radial defects.

Orofaciodigital syndrome IX. OMIM 258865. Autosomal 
recessive. Synophrys, retinal anomalies, cleft lip, lobated 
tongue, tongue nodules, accessory oral frenula, brachydactyly, 
syndactyly of hands, bifid toes.

Orofaciodigital syndrome X. OMIM 165590. Broad nasal 
tip, cleft palate, accessory oral frenula, retrognathia, oligodac-
tyly and/or preaxial polydactyly of hands, radial shortening, 
fibular agenesis.

Orofaciodigital syndrome XI (Gabrelli syndrome). 
OMIM 612913. Ventriculomegaly, median cleft lip, cleft palate, 
accessory oral frenula, nasopharyngeal hairy polyp, postaxial 
polydactyly of hands and feet, vertebral anomalies.

Orofaciodigital syndrome XII. Autosomal recessive. 
Meningomyelocele, aqueductal stenosis, lobated tongue, 

accessory oral frenula, heart defects, brachydactyly, clinodac-
tyly, syndactyly of hands and feet.

Orofaciodigital syndrome XIII. Autosomal recessive. 
White matter hyperintensities, cleft lip, tongue nodules, 
brachydactyly and syndactyly of hands and feet, epilepsy.

Orofaciodigital syndrome XIV. OMIM 615948. 
Autosomal recessive. Gene:  C2CD3. Microcephaly, trigono-
cephaly, corpus callosum hypoplasia, vermian hypoplasia with 
molar tooth sign, cleft palate, lobated tongue, tongue nodules, 
cleft tongue, supernumerary teeth, absent epiglottis, postaxial 
polydactyly of hands, preaxial polydactyly of feet, severe intel-
lectual disability.

Oromandibular-limb hypogenesis (see Hypoglossia-  
hypodactylia).

Osteogenesis imperfecta. OMIM 614856, 166200, 166210, 
259420, 166220, 610682, 610968, 610967, 610915, 259440, 
613982, 613848, 613849, 615066, 615220, 616229. Autosomal 
dominant/autosomal recessive. Genes:  BMP1, COL1A1, 
COL1A2, CREB3L1, CRTAP, FKBP10, IFITM5, LEPRE1, PPIB, 
SERPINF1, SERPINH1, SP7, TMEM38B, WNT1. Fractures 
with minimal trauma; some types may include findings such 
as additional skeletal anomalies (including rhizomelic limb 
shortening), distinctive facial appearance, dentinogenesis 
imperfecta, blue sclerae, adult-onset hearing loss.

Osteoglophonic dysplasia. OMIM 166250. Autosomal 
dominant. Gene:  FGFR1. Craniosynostosis, distinctive facial 
appearance (prominent supraorbital ridge, depressed nasal 
bridge), rhizomelic short stature, nonossifying bone lesions.

Osteopathia striata-cranial sclerosis. OMIM 300373. 
X-linked dominant. Gene:  WTX. Females:  sclerosing bone 
dysplasia, with macrocephaly, cleft palate, longitudinal stria-
tions on radiographs of long bones, pelvis, scapulae, intel-
lectual disability, osteosclerosis affecting cranial nerves 
and facial bones; Males: usually fetal or neonatally lethal in 
males who may have cardiac, gastrointestinal, genitourinary 
anomalies.

Osteopetrosis. OMIM 259730, 166600, 611490, 
607634, 259770, 611497, 615085, 259700, 612301, 259710. 
Autosomal dominant/autosomal recessive/X-linked reces-
sive. Genes: CA2, CLCN7, LRP5, OSTM1, PLEKHM1, SNX10, 
TCIRG1, TNFRSF11A, TNFSF11. Decreased osteoclast func-
tion, with early macrocephaly and frontal bossing and pro-
gressive bone remodeling abnormalities leading to findings 
including fractures, choanal stenosis, encroachment on neural 
foramina, bone marrow insufficiency; some types may include 
findings such as renal tubular acidosis and/or be extremely 
mild, with only findings such as fractures, scoliosis, arthritis, 
and osteomyelitis.

Osteopoikilosis. OMIM 166700. Autosomal dominant. 
Gene: LEMD3. Epiphyseal and metaphyseal steosclerotic foci, 
variable “flowing” hyperostosis of tubular bone cortex. Allelic 
with Buschke-Ollendorff syndrome, which also includes mul-
tiple subcutaneous nevi or nodules.

Osteosclerosis (see Sclerosteosis).
Otodental dysplasia. OMIM 166750. Autosomal domi-

nant. Heterozygous deletion of 11q13 containing FGF3. 
Enlarged canine and molar teeth, sensorineural hearing loss, 
variable coloboma.
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Otofaciocervical syndrome. OMIM 166780, 615560. 
Autosomal dominant/autosomal recessive. Gene:  EYA1 (can 
involve contiguous deletion of 8q13.3), PAX1. Branchial 
defects, distinctive facial appearance (cupped, low-set ears, 
preauricular fistulas), hearing loss, skeletal anomalies (verte-
bral defects, low-set clavicles, winged scapulae), sloping shoul-
ders, variable mild intellectual disability

Otopalatodigital syndrome I. OMIM 311300. X-linked 
recessive. Gene:  FLNA. Short stature, distinctive facial 
appearance (frontal bossing, overhanging brow, depressed 
nasal bridge, hypertelorism, downslanting palpebral fissures, 
small mouth, cleft palate, micrognathia), skeletal anomalies 
(broad short thumbs and great toes, curved digits with bul-
bous tip and short nails, pectus excavatum, limited elbow 
movement, abnormal modeling or bowing of long bones, 
coalitions of carpals and tarsals, accessory ossification cen-
ters of proximal metacarpals and metatarsals), conductive 
hearing loss.

Otopalatodigital syndrome II. OMIM 304120. X-linked 
recessive. Gene: FLNA. Short stature, distinctive facial appear-
ance (frontal prominence, wide cranial sutures, flat nasal 
bridge, hypertelorism, downslanting palpebral fissures, low-set 
retroverted ears, small mouth, cleft palate, micrognathia), skel-
etal anomalies (underossified calvarium, narrow thorax, pec-
tus excavatum, short and blunted thumbs and great toes, flexed 
and blunted digits, absent or hypoplastic fibulae, flat vertebrae, 
thin and irregular form to clavicles), intellectual disability. 
Absent thumbs or great toes, postaxial polydactyly, syndactyly 
in some cases.

Otospondylomegaepiphyseal dysplasia (OSMED) (see 
Stickler syndrome 3).

Pachydermoperiostosis. OMIM 259100. Autosomal 
recessive. Gene: HPGD. Clubbing and enlargement of digits, 
thick and coarse facial skin, periosteal new bone formation, 
joint effusions and deformities.

PAIS (see Reifenstein syndrome).
Pallister-Hall syndrome. OMIM 146510. Autosomal dom-

inant. Gene: GLI3. Polydactyly, bifid epiglottis or laryngotra-
cheal cleft, hypothalamic hamartoma, pituitary insufficiency, 
other malformations including anorectal malformations, 
renal anomalies, pulmonary anomalies, skeletal anomalies.

Pallister-Killian syndrome. OMIM 601803. Mosaic tetra-
somy 12p. Distinctive facial appearance (sparse anterior scalp 
hair, eyebrows, and eyelashes, prominent forehead, progressive 
coarsening, hypertelorism, epicanthal folds, short nose with 
anteverted nares, long philtrum, thin vermilion border, large 
ears with thick lobules), broad hands, short digits, short limbs, 
hyper/hypopigmented streaks, postnatal growth deceleration, 
obesity, severe intellectual disability.

Papillorenal syndrome. OMIM 120330. Autosomal 
dominant. Gene:  PAX2. Renal anomalies (renal hypodyspla-
sia, oligomeganephronia), ocular anomalies (including optic 
nerve “coloboma”/”morning glory” anomaly), variable hearing 
loss, central nervous system anomalies, soft skin, joint laxity, 
genitourinary anomalies.

Parietal foramina. OMIM 168500, 609597. Autosomal 
dominant. Genes:  ALX4, MSX2. Oval ossification defects in 
the parietal bones.

Partington syndrome. OMIM 309510. X-linked recessive. 
Gene: ARX. Dysarthria, dystonia, gait disturbances, scoliosis, 
flexed posture, hyperreflexia.

Pendred syndrome. OMIM 274600. Autosomal reces-
sive. Genes: SLC26A4, FOXI1, KCNJ10. Sensorineural hearing 
loss, inner ear malformations (dilated vestibular aqueducts, 
Mondini dysplasia), euthyroid goiter.

Perlman syndrome. OMIM 267000. Autosomal recessive. 
Gene:  DIS3L2. Renal anomalies, organomegaly, distinctive 
facial appearance (prominent forehead, deep-set eyes, broad/
flat nasal bridge, low-set ears, inverted/V-shaped upper lip), 
macrosomia, intellectual disability, nephroblastomatosis/
increased Wilms tumor risk.

Pfeiffer Syndrome. OMIM 101600. Autosomal dominant. 
Genes: FGFR1, FGFR2. Craniosynostosis, broad thumbs and 
great toes.

PHACE association (PHACES association). OMIM 
606519. Sporadic. Features indicated by the acronym: Posterior 
fossa malformations, large/segmental facial Hemangiomas, 
cerebral Arterial anomalies, aortic Coarctation, Eye anomalies, 
Sternal defects.

Piebaldism. OMIM 172800. Autosomal dominant. 
Genes: KIT, SNAI2. Absence of melanocytes in areas of skin 
and/or hair.

Pigmentary disorder-reticulate. OMIM 301220. X-linked 
dominant. Skin changes (reticulate brown pigmentation, 
hyperkeratosis, amyloid deposits) with variable systemic man-
ifestations (recurrent infections, gastroenteric and genitouri-
nary symptoms, seizures, and developmental delay).

Pituitary hormone deficiency, combined. OMIM 613038, 
262600, 221750, 262700, 182230, 613986. Autosomal reces-
sive. Genes:  POU1F1, PROP1, LHX3, LHX4, HESX1, OTX2. 
Impaired anterior and posterior hormone deficiency (variably 
including growth hormone deficiency, prolactin, thyroid stim-
ulating hormone, adrenocorticotropic hormone, luteinizing 
hormone, follicle stimulating hormone), with resulting medi-
cal sequelae; some types may include findings such as rigid 
cervical spine, sensorineural deafness, and other anomalies.

Poland anomaly. OMIM 173800. Sporadic. Unilateral 
absence or hypoplasia of the pectoralis musculature, ipsilateral 
limb reduction defect (usually symbrachydactyly).

Polycystic kidney disease, autosomal dominant. OMIM 
173900, 613095. Genes: PKD1, PKD2. Renal cysts, liver cysts, 
intracranial aneurysms.

Polycystic kidney disease, autosomal recessive. OMIM 
263200. Autosomal recessive. Gene: FCYT. Variable onset of 
polycystic kidney disease and hepatic ductal plate malforma-
tions. Classic infantile form involves pulmonary hypoplasia 
secondary to oligohydramnios.

Polymastia. OMIM 163700. Autosomal dominant in 
some. Supernumerary nipples, variably associated with the 
adventitious breast tissue.

Polymicrogyria-optic nerve hypoplasia. OMIM 613180. 
Autosomal recessive. Gene:  TUBA8. Extensive polymicrogy-
ria, corpus callosum aplasia or dysplasia, colpocephaly, optic 
nerve hypoplasia.

Popliteal pterygium syndrome. OMIM 119500. Autosomal 
dominant; Gene:  IRF6. Cleft lip/palate, lower lip fistulae,  
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webbing of skin from ischial tuberosities to heels, genitouri-
nary anomalies (bifid scrotum/cryptorchidism, labia majora 
hypoplasia), syndactyly, anomalies of skin around the nails, 
pyramidal fold of skin overlying the nail of the hallux; may also 
include additional features of Van der Woude syndrome, which 
is allelic.

Porteous syndrome (see Renpenning syndrome).
Potocki-Shaffer syndrome. OMIM 601224. Autosomal 

dominant. Heterozygous deletion of chromosome 11p11.2. 
Distinctive facial appearance (brachycephaly, prominent 
forehead, narrow nasal bridge, short philtrum, downturned 
mouth), multiple exostoses, biparietal foramina, intellectual 
disability.

Prader-Willi syndrome. OMIM 176270. Absence of 
expression of genes in paternal chromosomes 15q11.2-q13 due 
to paternal deletion, maternal uniparental disomy, imprinting 
defect. Infantile hypotonia and feeding difficulties, later hyper-
phagia and obesity, intellectual disability, behavioral distur-
bances, hypothalamic hypogonadism, short stature, distinctive 
facial appearance (narrow bifrontal diameter, almond-shaped 
palpebral fissures, narrow nasal bridge, thin upper lip, 
down-turned mouth), strabismus, scoliosis, diabetes mellitus.

Prenatal alcohol exposure. Prenatal and postnatal growth 
restriction, distinctive facial appearance (small eyes, short pal-
pebral fissures, ptosis, epicanthus, midface hypoplasia, smooth 
philtrum, thin upper lip), cardiac defects, variable skeletal 
abnormalities (radioulnar synostosis, cervical vertebral fusion, 
hip dislocation, foot deformation, camptodactyly, small distal 
phalanges and nails), intellectual disability, behavioral distur-
bances. Functional and growth disturbances may occur in the 
absence of structural abnormalities.

Prenatal cocaine exposure. Vascular-related defects (apla-
sia cutis, skull defects, porencephaly, visceral infarcts, ileal 
atresia, genitourinary abnormalities, limb reduction defects), 
cardiac malformations in less than 10  percent of exposed 
infants.

Prenatal cytomegalovirus infection. Disseminated vire-
mia resulting in prenatal and postnatal growth restriction, 
microcephaly, periventricular calcification, optic atrophy, cho-
rioretinitis, seizures, deafness, intellectual disability.

Prenatal herpes simplex virus infection. Disseminated 
type II herpes viremia resulting in microcephaly, cerebral cal-
cification, microphthalmia, retinal dysplasia, cutaneous vesi-
cles, seizures, intellectual disability.

Prenatal hydantoin exposure. Distinctive facial appear-
ance (wide fontanel, metopic ridging, hypertelorism, short 
nose with bowed upper lip, broad alveolar ridge, cleft lip/pal-
ate), short neck, rib anomalies, distal phalangeal hypoplasia 
with small nails, intestinal atresias, growth deficiency, mild 
intellectual disability.

Prenatal isotretinoin exposure. Anomalies of the cere-
brum and cerebellum, hydrocephalus, microtia, atresia of the 
external auditory canal, underdeveloped middle ear, cardio-
vascular anomalies, variable cleft palate, micrognathia.

Prenatal methimazole/carbimazole exposure. Scalp apla-
sia cutis, distinctive facial appearance (short flared eyebrows, 
short and upslanting palpebral fissures, small ears, broad nasal 

bridge, hypoplastic alae nasi), choanal atresia, esophageal atre-
sia with tracheoesophageal fistula, athelia.

Prenatal misoprostol exposure. Cranial nerve palsies, ter-
minal transverse limb defects, equinovarus foot deformation, 
joint contractures.

Prenatal rubella infection. First trimester infection results 
in prenatal and postnatal growth restriction, microcephaly, 
ocular defects (microphthalmia, corneal clouding, glaucoma, 
cataract, retinopathy), cardiovascular defects (patent ductus 
arteriosus, pulmonary artery stenosis), hearing loss, pancyto-
penia, and intellectual disability. Later infection may result in 
microcephaly, hearing loss, and intellectual disability.

Prenatal thalidomide exposure. Limb reduction mal-
formations of all varieties except terminal transverse defects, 
midline facial hemangiomas, absent ears, microtia, facial 
palsies, cardiac defects, absence of gallbladder and appendix, 
asplenia, atresia or stenosis of esophagus, duodenum or anus.

Prenatal toxoplasma infection. Damage to central ner-
vous system (chorioretinitis, diffuse cerebral calcification, 
hydrocephalus), blindness, intellectual disability.

Prenatal valproate exposure. Distinctive facial appear-
ance (bitemporal narrowing, metopic prominence, shallow 
orbits, epicanthus, infraorbital creases, small nose, long flat 
philtrum, small mouth, thin upper lip, micrognathia), variable 
orofacial clefts, cardiac defects, spina bifida.

Prenatal warfarin exposure. Brain anomalies 
(Dandy-Walker malformation, agenesis of the corpus cal-
losum), microcephaly, optic atrophy, small nose with accen-
tuated crease between the alae nasi and tip of nose, choanal 
stenosis, cartilage and bone stippling (laryngeal and tracheal 
cartilages, tarsals, proximal femurs, paravertebral processes), 
brachydactyly, small nails, hypotonia, seizures, and intellectual 
disability.

Primary ciliary dyskinesia. OMIM 244400, 606763, 
608644, 608647, 610852, 611884, 612444, 612518, 612649, 
612650, 613193, 613807, 613808, 614017, 614679, 614874, 
616481, 614935, 615451. Autosomal recessive. Genes: CCDC39, 
CCDC40, CCDC103, DNAAF1 (LRRC50), DNAAF2 
(C14ORF104), DNAAF3, DNAH5, DNAH11, DNAI1, DNAI2, 
DNAL1, HEATR2, HYDIN, LRRC6, NME8, RSPH3, RSPH4A, 
RSPH9. Situs anomalies (which can include situs inversus tota-
lis or heterotaxy), abnormal sperm motility/male infertility, 
chronic oto-sino-pulmonary disease. Kartagener syndrome 
refers to primary ciliary dyskinesia with situs inversus totalis.

Primary distal renal tubular acidosis with or without 
deafness. OMIM 267300, 602722, 611590. Autosomal reces-
sive. Genes:  ATP6V1B1, ATP6V0A4, SLC4A1. Distal renal 
tubular acidosis, variably present and variable-onset progres-
sive sensorineural deafness.

Progeria (see Hutchinson-Gilford Progeria).
Proliferative vasculopathy and hydranencephaly-  

hydrocephaly syndrome. OMIM 225790. Autosomal reces-
sive. Gene:  FLVCR2. Hydranencephaly, central nervous and 
retinal glomerular vasculopathy, diffuse ischemic brain stem, 
basal ganglia, spinal cord lesions with calcifications; prenatally 
lethal.

Proliferative vasculopathy-hydranencephaly (Fowler).
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Proteus syndrome. OMIM 176920. Typically somatic. 
Gene: AKT1. Asymmetric overgrowth, connective tissue and 
epidermal nevi (including cerebriform connective tissue nevi), 
adipose dysregulation, vascular malformations, variable intel-
lectual disability.

Proximal symphalangism. OMIM 185800. Autosomal 
dominant. Genes: NOG (type 1A), GDF5 (type 1B). Proximal 
interphalangeal joint fusion, variable other joint fusions; con-
ductive deafness in type 1A.

Prune belly-pulmonic stenosis. OMIM 264140. Prune 
belly syndrome, pulmonic stenosis, sensorineural hearing loss, 
intellectual disability.

Prune belly syndrome. OMIM 100100. Can be caused by 
biallelic mutations in CHRM3; also described in other syn-
dromes and conditions. Includes enlarged bladder, disorga-
nized detrusor, cryptorchidism, thin abdominal musculature, 
overlying lax skin.

Pseudoarthrosis (see Entry 1.4)
Pseudohypoparathyroidism (see Albright hereditary 

osteodystrophy).
PTEN hamartoma syndrome (includes Cowden syn-

drome, Bannayan-Riley-Ruvalcaba syndrome, PTEN-related 
Proteus syndrome, Proteus-like syndrome). OMIM 153480, 
158350, 605309. Autosomal dominant. Gene: PTEN. Cowden 
syndrome:  multiple hamartomas, benign and malignant 
tumors, macrocephaly, trichilemmomas, papillomatous pap-
ules. Bannayan-Riley-Ruvalcaba syndrome:  intestinal hamar-
tomatous polyps, lipomas, macrocephaly, pigmented penile 
macules. Proteus syndrome and Proteus-like syndrome: ham-
artomatous overgrowth, connective tissue and epidermal nevi, 
hyperostosis.

Pustular psoriasis. OMIM 614204. Autosomal recessive. 
Gene:  IL36RN. Episodic fever, rash, disseminated pustules, 
hyperleukocytosis elevated serum C-reactive protein.

Pyknodysostosis. OMIM 265800. Autosomal recessive. 
Gene: CTSK. Short stature, deformed skull with open fonta-
nels and sutures, small face with midface hypoplasia, absence 
or hypopneumatization of the paranasal sinuses, mandibular 
hypoplasia, narrow and/or grooved palate, enamel hypoplasia, 
irregular or missing teeth, increased bone density, osteolysis of 
distal phalanges and clavicles.

Rabson-Mendenhall syndrome. OMIM 262190. 
Autosomal recessive. Gene: INSR. Insulin resistance, acanthosis 
nigricans, early dentition, thickened nails, coarse and prema-
turely aged features, hirsutism, prematurely enlarged genitalia.

Rapp-Hodgkin syndrome. OMIM 129400. Autosomal 
dominant. Gene: TP63. Anhidrotic ectodermal dysplasia, cleft 
lip/palate. Multiple allelic conditions with overlapping features.

Recurrent hydatidiform mole. OMIM 231090, 614293. 
Autosomal recessive. Genes:  KHDC3L, NALP7. Recurrent 
pregnancy losses, mostly due to complete hydatidiform mole; 
the moles generally contain biparental genetic material.

Reifenstein syndrome. OMIM 312300. X-linked recessive. 
Gene:  AR. 46,XY individuals with hypogonadism, hypospa-
dias, gynecomastia due to androgen insensitivity.

Refsum (adult). OMIM 266500. Autosomal reces-
sive. Gene:  PHYH. Inborn error of lipid metabolism with 

retinitis pigmentosa, peripheral neuropathy, cerebel-
lar ataxia and increased CSF protein. Accumulation of the 
branched-chain fatty acid phytanic acid in blood and tissues.

Refsum (infantile). OMIM 601539. Autosomal recessive. 
Gene:  PEX1. Mild presentation of the phenotypic spectrum 
of the peroxisomal biogenesis disorder Zellweger syndrome 
(214000). High forehead, epicanthus, retinitis pigmentosa, 
seizures, hearing loss, renal cysts, epiphyseal stippling, intel-
lectual disability. Hypotonia may later transition to spasticity.

Renal-coloboma syndrome. OMIM 120330. Autosomal 
dominant. Gene: PAX2. Renal anomalies (including hypopla-
sia, multicystic dysplastic kidneys, oligomeganephronia, uni-
lateral renal agenesis), optic nerve coloboma or dysplasia.

Renal cysts-diabetes. OMIM 137920. Autosomal domi-
nant. Gene:  HNF1B. Renal disease (renal cysts, glomerular 
tufts, collecting system anomalies, renal hypoplasia, unilateral 
renal agenesis, horseshoe kidney, hyperuricemic nephropa-
thy), variable genitourinary anomalies, diabetes mellitus.

Renal-hepatic-pancreatic dysplasia with Dandy-Walker 
cyst (see Goldston Syndrome).

Renal tubular dysgenesis. OMIM 267430. Autosomal 
recessive. Genes:  ACE, AGT, AGTR1, REN. Maternal oligohy-
dramnios resulting in Potter sequence, with fetal anuria, pulmo-
nary hypoplasia, and perinatal death. Absent/scarce proximal 
renal tubules, skull ossification defects. Has been described with 
athelia, choanal atresia/stenosis, neck cysts/branchial clefts.

Renpenning syndrome. OMIM 309500. X-linked reces-
sive. Gene:  PQBP1. Short stature, microcephaly, distinctive 
facial appearance (cupped ears, malar hypoplasia, bulbous 
nose, high-arched palate, short philtrum, tented upper lip, 
small mouth), cardiac defects, small testes, minor skeletal 
anomalies (long slender fingers, finger V clinodactyly, elbow 
and knee contractures), intellectual disability. Allelic with 
Hamel Cerebro-Palato-Cardiac, Porteous, Sutherland-Haan, 
and Golabi-Ito-Hall syndromes.

Restrictive dermopathy. OMIM 275210. Autosomal 
recessive. Genes: LMNA, ZMPSTE24. Lethal multiple congeni-
tal contractures, thickened constricting fetal skin, usually with 
open eyes.

Rett Syndrome. OMIM 312750. X-linked dominant. 
Gene: MECP2. Females have cessation of development and 
regression in early childhood, loss of purposeful hand use, 
truncal ataxia, acquired microcephaly, seizures, disorganized 
breathing pattern, autistic features, intermittently progressive 
neurological deterioration ultimately leading to muscle wast-
ing, loss of mobility, spasticity, cachexia.

Rieger syndrome (see Axenfeld-Rieger syndrome).
Ritscher-Schinzel syndrome. OMIM 220210. Autosomal 

recessive. Gene:  KIAA0196. Distinctive facial appearance, 
prominent forehead and occiput, downslanting palpebral fis-
sures, depressed nasal bridge, low-set ears, micrognathia, 
structural neuroanatomic anomalies (including Dandy-Walker 
malformation, cerebellar vermis hypoplasia, posterior fossa 
cysts), cardiac defects, intellectual disability.

Roberts syndrome (Pseudothalidomide syndrome, SC pho-
comelia). OMIM 268300. Autosomal dominant. Gene: ESCO2. 
Microcephaly, sparse/silvery hair, distinctive facial appearance, 
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cleft lip/palate, growth deficiency, limb anomalies, with varying 
degrees of hypomelia, more severely affecting the upper limbs. 
Considered to be the same disorder as SC phocomelia (OMIM 
269000).

Robin-Moebius syndrome (see Carey-Fineman-Ziter 
syndrome).

Robinow syndrome. OMIM 180700, 268310 Autosomal 
dominant/autosomal recessive. Genes:  WNT5A, ROR2. 
Growth restriction with mesomelic or acromesomelic limb 
shortening, hemivertebrae, thoracic vertebral fusion (skeletal 
anomalies are less frequent/severe in autosomal dominant 
form), brachydactyly, nail dystrophy/hypoplasia, distinctive 
facial appearance (macrocephaly, prominent forehead, mid-
face hypoplasia, low-set ears, hypertelorism, prominent eyes, 
short nose, anteverted nares, flared nostrils, large/triangular 
mouth, exposed incisors/upper gums, gum hypertrophy, mis-
aligned teeth, micrognathia), ankyloglossia, genitourinary 
anomalies (micropenis, cryptorchidism in males, reduced cli-
toral size, hypoplasia of the labia majora), renal anomalies.

Roifman-Chitayat syndrome. OMIM 613328. Autosomal 
recessive. Immunodeficiency, distinctive facial appearance 
(including hypoplastic supraorbital ridges, puffy, droopy eyelids, 
hypertelorism, prominent ears, flat nasal bridge, square chin), 
optic atrophy, seizures, skeletal anomalies, intellectual disability. .

Rothmund-Thomson syndrome. OMIM 268400. Autoso-
mal recessive. Gene: RECQL4. Short stature, premature aging, 
sparse hair, skin atrophy, telangiectasias, hyperpigmentation, 
hypopigmentation, cataracts, absent or malformed bones, 
osteopenia or osteoporosis, increased risk of sarcomas.

Rubinstein-Taybi syndrome. OMIM 180849, 613684. 
Autosomal dominant. Genes: CREBBP, EP300. Neurocognitive 
impairment, obesity, microcephaly, distinctive facial appear-
ance (arched eyebrows, long eyelashes, downslanting palpe-
bral fissures, beaked nose, high-arched palate, micrognathia, 
grimacing), broad thumbs and great toes, visual anomalies, 
musculoskeletal anomalies, increased tumor risk.

Russell-Silver syndrome. OMIM 180860. 
Hypomethylation of ICR1 on 11p15, maternal UPD of chromo-
some 7. Prenatal and postnatal growth deficiency, normal head 
circumference, distinctive facial appearance (triangular face, 
facial asymmetry, limb asymmetry, fifth finger clinodactyly).

Saethre-Chotzen syndrome. OMIM 101400. Autosomal 
dominant. Gene:  TWIST1. Uni/bicoronal craniosynostosis, 
facial asymmetry, ptosis, ear anomalies with small pinna and 
prominent crus, syndactyly of second and third fingers.

Sandhoff disease. OMIM 268800. Autosomal recessive. 
Gene: HEXB. Macular cherry red spot, blindness, hyperacu-
sia, hepatosplenomegaly, frequent pneumonia, neurodegen-
eration, hypotonia, weakness, spasticity, seizures. Infantile and 
less severe later onset juvenile and adult forms.

Sanfilippo syndrome (see Mucopolysaccharidosis III).
Say-Meyer syndrome. OMIM 314320. X-linked recessive. 

Short stature, microcephaly, synostosis of metopic and other 
cranial sutures, hypotelorism, intellectual disability.

SC phocomelia (see Roberts syndrome).
Schinzel-Giedion syndrome. OMIM 269150. Autosomal 

dominant. Gene:  SETBP1. Distinctive facial appearance 

(including prominent forehead, bitemporal narrowing, midface 
retraction, hypertelorism, deep groove below the eyes, short 
nose with anteverted nares, low-set, dysplastic ears), cardiac, 
genitourinary, renal, and skeletal anomalies, intellectual dis-
ability, increased risk of neoplasms (especially neuroepithelial).

Schinzel phocomelia (see Al-Awadi/Raas-Rothschild 
syndrome).

Schizencephaly. OMIM 229160. Autosomal domi-
nant. Genes (unclear; EMX2, SHH, SIX3, and COL4A1 have 
been implicated). May co-occur with other neuroanatomic 
anomalies.

Schwartz-Jampel syndrome. OMIM 255800. Autosomal 
recessive. Gene: HSPG2. Distinctive facial appearance (bleph-
arophimosis, small mouth with pursed lips, micrognathia), 
short limbs, kyphoscoliosis, joint stiffness, myotonia, skeletal 
changes (short long bones with wide metaphyses, vertebral 
changes, bowing of femurs and tibias, large epiphyses).

Sclerosteosis. OMIM 269500. Autosomal recessive. 
Gene: SOST. Sclerosing bone dysplasia with progressive skel-
etal overgrowth, variable syndactyly.

Seckel syndrome. OMIM 210600. Autosomal reces-
sive. Genes: I-ATR, 2-RBBP8, 4-CENPJ, 5-CEP152, 6-CEP63, 
7-NIN, 8-DNA2. Marked prenatal and postnatal growth 
restriction, microcephaly, distinctive facial appearance (reced-
ing forehead, downslanting palpebral fissures, prominent 
curved nose), dislocated radial heads, intellectual disability.

Senior-Løken Syndrome. OMIM 266900, 266900, 606996, 
609254, 610189, 613615. Autosomal recessive. Gene: CEP290, 
NPHP1, NPHP4, NPHP5, NPHP6, SDCCAG8. Blindness 
due to retinitis pigmentosa, retinal dystrophy or hypoplasia, 
hepatic fibrosis, nephronophthisis, cone epiphyses.

Sensenbrenner syndrome. OMIM 218330. Autosomal 
recessive. Gene:  IFT122. Distinctive craniofacial appearance 
(sagittal craniosynostosis, high frontal hairline or frontal boss-
ing, dolichocephaly), short limbs, constricted chest, metaphy-
seal dysplasia, ectodermal changes (sparse hair, microdontia, 
oligodontia, loose skin), joint laxity, renal disease. Retinal dys-
trophy, syndactyly, abnormal nails, liver disease, developmen-
tal delay in a minority.

Septooptic dysplasia. OMIM 182230. Autosomal domi-
nant. Gene: HESX1. Midline brain anomalies (including agen-
esis of the corpus callosum, septum pellucidum agenesis), 
optic nerve hypoplasia, pituitary gland hypoplasia, variable 
additional features.

Setleis syndrome. OMIM 227260. Autosomal recessive. 
Gene:  TWIST2. Distinctive facial appearance, (temporal or 
preauricular skin aplasia/dysplasia, absent or double eyelashes, 
upslanting palpebral fissures, thin skin around eyes, flat nasal 
bridge, broad nasal tip, large lips).

Shwachman-Diamond syndrome. OMIM 260400. Auto-
somal recessive. Gene:  SBDS. Exocrine pancreatic insuffi-
ciency, hematologic abnormalities (including cytopenias, with 
increased risk of malignant transformation), skeletal abnor-
malities (including chondrodysplasia, thoracic dystrophy).

Short-rib polydactyly dyplasia I, III (Saldino-Noonan syn-
drome, Verma-Naumoff syndrome). OMIM 613091. Autosomal 
recessive. Gene:  DYNC2H1. Lethal chondrodysplasia with  
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short stature, short limbs, postaxial polydactyly, brachydac-
tyly, constricted chest, protuberant abdomen, skeletal changes 
(short horizontal ribs, short long bones with irregular metaphy-
ses, small ilia), cardiac defects, renal anomalies, genital abnor-
malities, pancreatic fibrosis.

Short-rib polydactyly syndrome II (Majewski syn-
drome). OMIM 263520. Autosomal recessive. Gene: NEK1. 
Lethal chondrodysplasia with short limbs, brain malforma-
tions, constricted chest, protuberant abdomen, preaxial and-
postaxial polydactyly, skeletal changes (short horizontal ribs, 
short long bones with smooth metaphyses, short ovoid tib-
ias), cleft lip, epiglottic/laryngeal defects, renal cysts, genital 
anomalies.

Short-rib polydactyly dysplasia IV (Beemer-Langer 
dysplasia). OMIM 269860. Autosomal recessive. Lethal 
chondrodysplasia with short limbs, craniofacial anoma-
lies and distinctive facial appearance (prominent fore-
head, cleft lip, lobulated tongue, oral frenula, natal teeth), 
small chest, protuberant abdomen, preaxial/postaxial 
polydactyly, skeletal changes (short horizontal ribs, short 
tubular bones with smooth metaphyses, small ilia, bowed 
ulna and radius), cardiac defects, cystic kidneys, abnor-
mal genitalia.

Short-rib thoracic dysplasia (Jeune dysplasia). OMIM 
263520, 266920, 611263, 613091, 613819, 614376, 614091, 
615503, 615633, 616300. Autosomal recessive. Genes: CEP120, 
DYNC2H1, IFT140, IFT80, NEK1, TTC21B, WDR19, WDR34, 
WDR35, WDR60. Ciliopathy with thoracic constriction (of 
varying severity, but can be lethal), short ribs and shortened 
tubular bones, “trident” acetabular roof, variable polydactyly, 
and other major malformations.

Shprintzen-Goldberg syndrome. OMIM 182212. Auto-
somal dominant. Gene:  SKI. Craniosynostosis, distinctive 
facial appearance (dolichocephaly, proptosis, hypertelorism, 
downslanting palpebral fissures, micrognathia), brain anoma-
lies (hydrocephalus, Chiari malformation), long limbs and 
digits, contractures, pectus excavation, joint hypermobil-
ity, mitral valve prolapse, aortic root dilation, intellectual 
disability.

Silver-Russell syndrome (see Russell-Silver syndrome).
Simpson-Golabi-Behmel syndrome. OMIM 300209, 

312870. X-linked recessive. Gene:  GPC3 (GPC4 may also be 
involved), OFD1 (in one family). Macrosomia, distinctive 
facial appearance (macrocephaly, coarse features, macrosto-
mia, macroglossia, palate anomalies), diastasis recti/umbilical 
hernia, cardiac defects, diaphragmatic hernia, gastrointestinal, 
genitourinary, and skeletal anomalies, postaxial polydactyly, 
increased cancer risk.

Sirenomelia. Sporadic. Single midline lower limb, foot oli-
godactyly, renal agenesis, absent genitalia, imperforate anus, 
variable cardiac and upper limb anomalies.

Sjögren-Larsson syndrome. OMIM 270200. Autosomal 
recessive. Gene: ALDH3A2. Thin scalp hair, ichthyosis, hyper-
keratosis, impaired sweating, demyelination and lipid accu-
mulation in cerebral white matter and corticospinal tracts, 
degeneration and inclusions of retina, spasticity, dysarthria, 
intellectual disability.

Small patella syndrome. OMIM 147891. Autosomal dom-
inant. Gene: TBX4. Absent or small patellas, deficient ossifi-
cation of the ischiopubic junction, increased spacing between 
the first and second toes, shortening of the fourth and fifth rays 
of the feet, pes planus.

Smith-Lemli-Opitz syndrome. OMIM 270400. Autosomal 
recessive. Gene:  DHCR7. Distinctive facial appearance (nar-
row forehead, epicanthal folds, ptosis, short nose with ante-
verted nares, low-set ears, short mandible), cleft palate, heart 
defects, male genital hypoplasia, postaxial polydactyly, 2-3 toe 
syndactyly, prenatal and postnatal growth restriction, intellec-
tual disability.

Sotos syndrome. OMIM 117550, 614753. Autosomal 
dominant. Genes: NSD1, NFIX. Overgrowth, distinctive facial 
appearance (long, narrow face with prominent/narrow jaw, 
sparse frontotemporal hair, high bossed forehead, downslant-
ing palpebral fissures malar flushing,), intellectual disability, 
heart defects, renal anomalies, scoliosis, seizures and intellec-
tual disability.

Spinocerebellar atrophy. OMIM 109150, 117360, 164400, 
164500, 183086, 183090, 302500, 606658, 606937, 607317, 
607346, 614322, 615768. Autosomal dominant (some forms 
involving repeat expansions)/autosomal recessive/X-linked 
recessive. Genes: ATP2B3, ATXN1, ATXN2, ATXN3, ATXN7, 
CACNA1A, ITPR1, KCND3, STUB1, WWOX, ZNF592, others. 
Usually adult-onset (some forms have congenital onset) spino-
cerebellar ataxia, with cerebellar signs as well as upper motor 
neuron signs, extensor plantar responses, ocular movement 
abnormalities.

Splenogonadal fusion-limb deficiency (see Entry 23.5).
Split hand/foot syndrome (see Entry 2.6).
Spondylocostal dysostosis. OMIM 122600, 277300, 

608681, 609813, 613686. Autosomal dominant/autosomal 
recessive. Genes: DLL3, HES7, LFNG, MESP2, TBX6. Vertebral 
segmentation defects, rib malalignment with variable intercos-
tal fusion points and rib number reduction, variable additional 
anomalies.

Spondylocarpotarsal synostosis syndrome. OMIM 
272460. Autosomal recessive. Gene: FLNB. Short stature due 
to short trunk and neck, scoliosis, pes planus, skeletal changes 
(carpal and tarsal coalitions, vertebral segmentation defects 
and fusions). Larsen syndrome is allelic.

Spondylocostal dysplasia (see Spondylocostal 
dysostosis).

Spondyloenchondrodysplasia with immune dysregu-
lation. OMIM 607944. Autosomal recessive. Gene:  ACP5. 
Skeletal dysplasia with vertebral and metaphyseal lesions, 
immunodeficiency, autoimmunity.

Spondyloepimetaphyseal dysplasia, aggrecan type. 
OMIM 612813. Autosomal recessive. Gene:  ACAN. Severe 
short stature, macrocephaly, midface hypoplasia, progna-
thia, low-set posteriorly angulated ears, rhizomelia, meso-
melia, brachydactyly, epiphyseal and metaphyseal anomalies, 
platyspondyly, cervical-vertebral clefts.

Spondyloepiphyseal dysplasia congenita. OMIM 183900. 
Autosomal dominant. Gene:  COL2A1. Short stature due to 
short trunk and neck, flattened facial profile, prominent eyes, 
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barrel chest, pectus carinatum, genu valga, platyspondyly, 
delayed ossification and abnormal configuration of epiphyses 
and the odontoid process, carpals, tarsals, pelvic bones, head 
and neck of femur.

Spondyloepiphyseal dysplasia, Kimberley type. OMIM 
608361. Autosomal dominant. Gene:  ACAN. Proportionate 
short stature, osteoarthropathy, mild epiphyseal anomalies, 
endplate irregularity, vertebral sclerosis.

Spondyloepiphyseal dysplasia tarda, autosomal domi-
nant. OMIM 184100. Autosomal dominant. Epiphyseal and 
vertebral dysplasia, with severe scoliosis, truncal shortening, 
destruction of the femoral capital epiphyses and necks, short 
hands and feet, variable platyspondyly.

Spondylothoracic dysplasia (see Spondylocostal dysplasia).
Stapes ankylosis—broad thumbs and great toes. OMIM 

184460. Autosomal dominant. Gene: NOG. Stapes ankylosis, 
hyperopia, broad thumbs and great toes, syndactyly, hearing 
loss. Syndactyly and other digital anomalies are not reported 
as typical, but one described family has had both.

Stickler syndrome 1, 2. OMIM 108300, 604841. Autosomal 
dominant/autosomal recessive. Genes:  COL2A1, COL11A1, 
COL9A1. Ocular abnormalities (myopia, retinal detachment, 
cataract, glaucoma), midface hypoplasia, cleft palate, micro-
gnathia, prominent and hypermobile joints, mixed hearing loss, 
skeletal changes (platyspondyly with irregular endplates and 
coronal clefts, wide metaphyses). Marshall syndrome is allelic.

Stickler syndrome 3.  OMIM 184840, 277610, 215150. 
Autosomal dominant/autosomal recessive. Gene:  COL11A2. 
Midface hypoplasia, small nose, cleft palate, micrognathia, 
short limbs, prominent joints, sensorineural or mixed hearing 
loss, skeletal changes (short long bones with wide metaphyses 
and epiphyses, platyspondyly with coronal clefts).

Strømme. OMIM 243605. Autosomal recessive (unclear). 
Apple-peel jejunal atresia, microcephaly, anterior chamber or 
corneal abnormalities.

Supravalvar aortic stenosis. OMIM 185500. Autosomal 
dominant. Gene:  ELN. Supravalvar aortic stenosis, variable 
associated pulmonary valvular and other arterial stenosis.

Sutherland-Haan syndrome (see Renpenning syndrome).
Swyer syndrome (see 46, XY complete gonadal dysgenesis).
TAR syndrome (see Thrombocytopenia-absent radius).
TARP syndrome. OMIM 311900. X-linked recessive. 

Gene:  RBM10. Features indicated by the acronym:  Talipes 
equinovarus, Atrial septal defect, Robin anomalies (microgna-
thia and cleft palate), Persistence of left superior vena cava. Can 
also include structural brain anomalies, optic atrophy, cardiac 
rhythm disturbances, hypotonia, cryptorchidism. Often with 
early lethality.

Telecanthus-hypospadias (see Opitz GBBB syndrome).
Temporal forceps marks syndrome (see Setleis syndrome).
Tetra-amelia (see Entry 1.1a)Tetra-amelia with pulmo-

nary hypoplasia. Autosomal recessive. Tetra-amelia, pulmo-
nary hypoplasia (ranging to bilateral lung agenesis), other 
anomalies, including cleft lip/palate.

Teunissen-Cremers syndrome (see Stapes ankylosis—
broad thumbs and great toes).

Thanatophoric dysplasia 1,2. OMIM 187600, 187601, 
151210. Autosomal dominant. Gene:  FGFR3. Lethal 

chondrodysplasia with short limbs, craniosynostosis, macro-
cephaly, prominent eyes, depressed nasal bridge, constricted 
chest, skeletal changes (short bowed long bones with irregu-
lar endplates, large calvaria, small facial bones, platyspon-
dyly, short ribs, short ilia with small sacrosciatic notch), 
Kleeblatschädel deformation in type 2.

Thrombocytopenia-absent radius. OMIM 274000. 
Autosomal recessive. Deletion of 1q21.1 as well as mutation 
of RBM8A. Absent radius with or without ulna and humerus 
deficiency, narrow shoulders, thumbs present, less frequent 
lower limb deficiencies or anomalies, thrombocytopenia, milk 
intolerance, U-shaped face, variable malformations in other 
organ systems.

Thrombocytopenia-radioulnar synostosis. OMIM 605432. 
Autosomal dominant. Gene: HOXA11. Thrombocytopenia with 
absent megakaryocytes, radioulnar synostosis.

Tibial hemimelia-polysyndactyly-triphalangeal thumbs. 
OMIM 188740. Autosomal dominant. Gene: LMBR1 (involv-
ing SHH regulatory element in LMBR1 intron). Tibial aplasia/
hypoplasia, polydactyly, triphalangeal thumbs.

Tibial hypoplasia-polydactyly (see Tibial hemimelia-  
polysyndactyly-triphalangeal thumbs).

Timothy syndrome. OMIM 601005. Autosomal domi-
nant. Gene:  CACNA1C. Cardiac defects and arrhythmias, 
prolonged QT interval, syndactyly, immune deficiency, hypo-
calcemia, intellectual disability, autism.

Townes-Brocks syndrome. OMIM 107480. Autosomal 
dominant. Gene:  SALL1. Imperforate anus, dysplastic ears 
with or without hearing loss, thumb malformations (including 
preaxial polydactyly, triphalangeal thumb, thumb hypoplasia). 
Can include renal and cardiac anomalies.

Treacher Collins syndrome. OMIM 154500, 248390, 
613717. Autosomal dominant. Genes:  TCOF1, POLR1C, 
POLR1D. Distinctive facial appearance (including zygomatic 
arch hypoplasia, preauricular hair displacement to the cheeks, 
eyelid coloboma, absent lower eyelashes, downslanting pal-
pebral fissures, microtia and other ear anomalies, microgna-
thia), conductive hearing loss, cleft lip/palate, choanal atresia 
or stenosis.

Trichodentoosseous syndrome. OMIM 190320. 
Autosomal dominant. Gene:  DLX3. Curly dry hair, enamel 
hypoplasia, taurodontism, splitting of nails, mild increase in 
bone density of calvaria and long bones.

Trichorhinophalangeal syndrome I.  OMIM 190350. 
Gene:  TRPS1. Short stature, sparse hair, distinctive facial 
appearance (bulbous nose, long philtrum), brachydactyly, thin 
nails, skeletal changes (irregular shortening of metacarpal(s) 
and phalanges(s), cone-shaped epiphyses in phalanges, small 
capital femoral epiphyses).

Trichorhinophalangeal syndrome II (Langer-Giedion 
syndrome). OMIM 150230. Heterozygous deletion of chro-
mosome 8q24.11-q24.13. Short stature, microcephaly, sparse 
hair, distinctive facial appearance (bushy eyebrows, large ears, 
bulbous nose, long thin upper lip, retrognathia), hearing loss, 
hypotonia, joint hypermobility, cone-shaped epiphyses, small 
capital femoral epiphyses, exostoses, intellectual disability.

Trichothiodystrophy. OMIM 601675. Autosomal reces-
sive. Genes: ERCC1, ERCC2, GTF2H5. Prenatal and postnatal 
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growth restriction, microcephaly, brittle hair and nails, ich-
thyosis, cataracts, photosensitivity, aged appearance, lack of 
subcutaneous fat, recurrent infections, intellectual disability.

Triphalangeal thumbs (see Entry 2.1a)
Triple X syndrome. 47,XXX (may be mosaic). Increased 

stature, learning disabilities. Occasional renal anomalies; car-
diac anomalies have been described in rare cases.

Trismus pseudocamptodactyly syndrome (see Distal 
arthrogryposis 7).

Trisomy 4p. Prenatal and postnatal growth restriction, 
microcephaly, distinctive facial appearance (flat nasal bridge, 
bulbous nasal tip, abnormal low-set ears, pointed chin, high-
arched palate), rocker-bottom feet, recurrent infections of the 
respiratory tract, seizures, intellectual disability.

Trisomy 8 (mosaic). Agenesis of corpus callosum, distinc-
tive facial appearance (prominent forehead, low-set and/or 
dysplastic ears, cleft palate, micrognathia), renal and hepatic 
malformations, absent patellas, deep palmar and plantar fur-
rows, reduced joint mobility, intellectual disability.

Trisomy 12p. Distinctive facial appearance (round face, 
high, prominent forehead, prominent cheeks, low-set dysplas-
tic ears with abnormally folded helix and protuberant antihe-
lix, broad flat nasal bridge, short nose, anteverted nares, long 
philtrum, prominent everted lower lip), short wide hands, 
behavioral disturbances, intellectual disability.

Trisomy 13. Holoprosencephaly or midline brain anom-
alies in some, microcephaly, microphthalmia, colobomata, 
retinal dysplasia, cleft lip/palate, scalp defects, hyperconvex, 
narrow fingernails, polydactyly, severe intellectual disability, 
cardiovascular, genitourinary malformations, early lethality.

Trisomy 18. Prenatal growth deficiency, prominent 
occiput, small mouth and mandible, cardiac defects, overlap-
ping fingers, fingerprint arches, hypertonicity, severe intellec-
tual disability, failure, radial ray deficiency in minority, early 
lethality.

Trisomy 20 (mosaic). Sloped shoulders, spinal stenosis, 
vertebral fusions, kyphosis, hypotonia, cardiac defects, consti-
pation, intellectual disability.

Trisomy 21. Intellectual disability, characteristic appear-
ance, including brachycephaly, brachydactyly, and broad 
hands, epicanthal folds, fifth finger clinodactyly, flat nasal 
bridge, hypotonia, lax ligaments, wide gap between first and 
second toes, atlantoaxial subluxation, cardiac anomalies (espe-
cially atrioventricular and ventricular septal defects), intestinal 
atresias, hematologic malignancies, hypothyroidism, ophthal-
mologic disorders.

Tuberous sclerosis complex. OMIM 191100, 613254. 
Autosomal dominant. Genes:  TSC1, TSC2. Skin anoma-
lies (facial angiofibromas, fibrous facial plaques, hypomela-
notic macules, shagreen patches, ungual fibromas), cortical 
tubers, subependymal giant cell astrocytomas and nodules, 
seizures and intellectual disability, renal angiomyolipomas, 
cysts, and renal cell carcinomas, cardiac rhabdomyomas, 
lymphangioleiomyomatosis.

Turner syndrome (45, X, often mosaic). Cardiovascular 
anomalies (aortic coarctation, bicuspid aortic valve), skeletal 
anomalies, renal anomalies (e.g., horseshoe kidney) webbed 
neck, low posterior hairline, broad chest with widely spaced 

nipples, congenital lymphedema, short stature, primary ovar-
ian insufficiency/ovarian hypofunction, developmental delay, 
hearing impairment.

Ullrich muscular dystrophy. OMIM 120250, 254090. 
Autosomal dominant/autosomal recessive. Genes:  COL6A1, 
COL6A2, COL6A3. Congenital muscular dystrophy with 
congenital contractures, hypotonia, scoliosis, torticollis, 
hyperextensibility.

Ulnar-mammary syndrome. OMIM 181450. Autosomal 
dominant. Gene:  TBX3. Lateral reduction defects of fingers 
and toes, absence or ectopic canine teeth, hypoplasia of breasts 
and apocrine glands, delay of puberty, hypogenitalism, obesity.

Urioste syndrome. OMIM 235255. Autosomal recessive. 
Persistence of Müllerian structures, distinctive facial appear-
ance (anteverted nostrils, notched alae nasi, smooth philtrum, 
prominent alveolar ridges), short neck, lymphangiectasia, 
hypoplastic kidneys, hepatic failure.

Urofacial syndrome 1 (Ochoa syndrome). OMIM 236730. 
Autosomal recessive. Gene: HPSE2. Urinary dysfunction, with 
renal tract distortion, dilatation of renal pelvis and ureters, 
bladder dysmorphism, facial grimace with smiling.

Urogenital adysplasia (see Mayer-Rokitansky-Kuster-  
Hauser syndrome).

Urorectal septum malformation sequence. Absent peri-
neal and anal openings, ambiguous genitalia, variable addi-
tional genitourinary, colonic, lumbosacral vertebral anomalies.

Usher syndrome I, II, III. OMIM 276900, 276901, 276902. 
Autosomal recessive. Genes:  MYO7A, USH1C, CDH23, 
PCDH15, SANS, CIB2, USH2A, VLGR1, WHRN, USH3A, 
PDZD7. Sensorineural hearing loss, vestibular dysfunction 
and retinitis pigmentosa.

VACTERL association. OMIM 314390. Typically sporadic. 
Genes: some cases with TRAP1, ZIC3 mutations, copy number 
variants. Features indicated by the acronym: Vertebral segmen-
tation anomalies, Anorectal malformations, Cardiac defects, 
TracheoEsophageal fistula/esophageal atresia, Renal anomalies 
and radial Limb deficiencies, variable additional anomalies.

VACTERL-hydrocephalus. OMIM 276950. Autosomal 
recessive/X-linked recessive. Gene: FANCB mutations in 
minority. Features indicated by the acronym: Vertebral seg-
mentation anomalies, Anorectal malformations, Cardiac 
defects, TracheoEsophageal fistula/esophageal atresia, Renal 
anomalies and radial Limb deficiencies, Hydrocephalus, vari-
able additional anomalies

van Buchem Disease. OMIM 239100, 269500. Autosomal 
recessive. Gene: SOST. Tall stature, prominent forehead, facial 
nerve palsy, optic atrophy, hearing loss, progressive widening 
of lower face, cutaneous syndactyly and distal deformation of 
fingers, skeletal changes (increased bone density, loss of diaph-
yseal narrowing of long bones), increased intracranial pres-
sure. Sclerosteosis is a more severe allelic condition primarily 
affecting Afrikaners of Dutch ancestry.

Van Der Woude syndrome. OMIM 119300, 106713. 
Autosomal dominant. Genes: IRF6, GRHL3. Bilateral lower lip 
pits or sinuses cleft lip/palate, hypodontia. Popliteal pterygium 
is allelic.

Von Hippel-Lindau syndrome. OMIM 193300. Autosomal 
dominant. Gene:  VHL. Cancer predisposition syndrome, 
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including susceptibility to cerebellar, retinal, and spinal heman-
gioblastoma, pheochromocytoma, renal cell carcinoma, pan-
creatic cancer.

Velocardiofacial syndrome (see deletion 22q11.2 
syndrome).

Waardenburg syndrome I.  OMIM 193500. Autosomal 
dominant. Gene:  PAX3. Pigmentary anomalies (skin, hair, 
and eyes, including white forelock and heterochromia iri-
des), dystopia canthorum, congenital sensorineural hearing 
impairment.

Waardenburg syndrome II. OMIM 611584. Autosomal 
dominant/autosomal recessive. Genes:  MITF, PAX3. 
Pigmentary anomalies (skin, hair, and eyes, including white 
forelock and iris heterochromia), sensorineural hearing loss, 
and normal inner canthal measurement, variable dental anom-
alies, intellectual disability.

Waardenburg syndrome III. OMIM 148820. Autosomal 
dominant. Gene:  PAX3. Pigmentary disturbances (skin, hair 
and eyes, including white forelock, premature graying and iris 
heterochromia) sensorineural hearing loss and upper limb 
anomalies (contractures, carpal coalescence, syndactyly).

Waardenburg syndrome IV. OMIM 277580. Autosomal 
dominant/autosomal recessive. Genes:  SOX1O, EDNRB, 
EDN3. Pigmentary disturbances (skin, hair and eyes, including 
white forelock, bright blue irises or iris heterochromia) senso-
rineural hearing loss, Hirschsprung disease, variable dystopia 
canthorum.

WAGR Syndrome. OMIM 194072. Autosomal dominant. 
Heterozygous deletion of chromosome 11p13 including WT1 
and PAX6. Features indicated by the acronym: Wilms tumor, 
Aniridia, Genitourinary anomalies, R for intellectual disability.

Walker-Warburg syndrome (see Muscular dystrophy-  
dystroglycanopathy).

Warburg micro syndrome 1. OMIM 600118. Autosomal 
recessive. Gene:  RAB3GAP1. Microcephaly, ocular defects 
(microphthalmia, microcornea, optic atrophy, cataracts), cor-
tical dysplasia, dysgenesis of corpus callosum, hypogonadism, 
spasticity, intellectual disability.

Watson syndrome. OMIM 193520. Autosomal dominant. 
Gene: NF1. Macrocephaly, Lisch nodules, pulmonic stenosis, 
cafe-au-lait macules, intellectual disability, neurofibromas. 
Neurofibromatosis type I is allelic.

Weaver syndrome. OMIM 277590. Autosomal recessive. 
Gene:  EZH2. Prenatal and postnatal overgrowth, distinctive 
facial appearance (broad forehead, hypertelorism, wide phil-
trum, micrognathia, horizontal chin groove), advance carpal 
bone age, deep set nails, hoarse, low-pitched vocalizations, 
intellectual disability.

Weill-Marchesani syndrome. OMIM 277600, 613195, 
608328, 614819. Autosomal recessive/autosomal dominant. 
Genes: ADAMTS10, ADAMTS17, FBN1, LTBP2. Connective 
tissue disorder. Short stature, lens anomalies. In some types, 
brachydactyly and reduced joint mobility.

Werner mesomelic syndrome (see Tibial hemimelia-  
polysyndactyly-triphalangeal thumbs).

Werner syndrome. OMIM 277700. Autosomal recessive. 
Gene: RECQL2. Short stature, prematurely aged facial appear-
ance, cataracts, slender limbs with scleroderma-like skin 

changes, subcutaneous calcifications, arteriosclerosis, diabetes 
mellitus, malignancy predisposition, chromosome instability.

West syndrome. OMIM 308350. X-linked recessive. 
Gene: ARX. Infantile spasms, slowing of infant development, 
regression, intellectual disability.

Weyers acrofacial dysostosis. OMIM 193530. Autosomal 
dominant. Genes: EVC, EVC2. Short stature, dental anomalies 
(conical teeth, hypodontia), dysplastic nails. Ellis-van Creveld 
is an allelic autosomal recessive condition.

Whistling face syndrome, recessive type. OMIM 277720. 
Distinctive facial appearance (resembling whistling, especially 
evident when crying), variable intellectual disability, hand and 
feet and additional anomalies.

Wildervanck syndrome. OMIM 314600. Possibly X-linked 
dominant. Abducens palsy, Klippel-Feil anomaly, hearing loss 
due to inner ear malformation.

Williams syndrome (Williams-Beuren syndrome). 
OMIM 194050. Autosomal dominant. Heterozygous deletion 
of chromosome 7q11.23. Cardiovascular disease (including 
elastin-related arteriopathy, pulmonary stenosis, supravalvular 
aortic stenosis), distinctive facial appearance (broad forehead 
and bitemporal narrowing, periorbital fullness, stellate iris, 
short nose with broad nasal tip, long philtrum, thick vermilion 
and wide mouth, large ears), intellectual disability, endocrine 
abnormalities including hypercalcemia and hypothyroidism.

Wilson-Turner syndrome. OMIM 309585. X-linked 
recessive. Gene: LAS1L. Thick eyebrows, gynecomastia, obe-
sity, tapered digits, small feet, intellectual disability, emotional 
lability.

Winchester syndrome. OMIM 277950. Autosomal reces-
sive. Gene: MMP14. Short stature, coarse facies, gum hyper-
trophy, corneal opacities, areas of thick hyperpigmented skin, 
joint swelling and contractures, osteoporosis, osteolysis of car-
pals and tarsals.

Winter renal-genital-middle ear. OMIM 267400. Renal 
aplasia/hypoplasia, internal genital anomalies (including vagi-
nal atresia), ossicle anomalies.

Witkop syndrome. OMIM 189500. Autosomal dominant. 
Gene: MSX1. Oligodontia, thin brittle nails in childhood.

Wolf-Hirschhorn syndrome. OMIM 194190. Autosomal 
dominant. Heterozygous deletion of chromosome 4p16.3. 
Growth deficiency, microcephaly, intellectual disability, hear-
ing loss, distinctive facial appearance (“Greek warrior helmet” 
appearance of the nose, high forehead, prominent glabella, 
hypertelorism, epicanthus, arched eyebrows, ear pits/tags, 
short philtrum, downturned mouth, micrognathia), cardiac, 
skeletal, structural brain, and urinary tract anomalies.

Wolfram syndrome. OMIM 222300, 604928, 614296. 
Autosomal dominant/autosomal recessive. Genes:  WFS1, 
CISD2. Optic atrophy, diabetes mellitus, diabetes insipidus 
(in type 1), deafness (type depends on involved gene), vari-
able renal anomalies, neuropsychiatric and intellectual disabil-
ity (in type 1), peptic ulcer bleeding due to defective platelet 
aggregation (in type 2).

XLID-abnormal genitalia (see ARX-associated XLID).
X-linked anterior horn cell loss. OMIM 301830, 314370. 

X-linked recessive. Gene: UBA1. Generalized flexion contrac-
tures, kyphosis.
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XLID-arch fingerprints-hypotonia syndrome (see Alpha 
thalassemia—intellectual disability).

XLID-cleft lip/cleft palate. OMIM 300263. X-linked 
recessive. Gene: PHF8. Distinctive facial appearance (includ-
ing long face, prominent nose, cleft lip/palate), large hands, 
intellectual disability.

XLID-cleft palate-cardiac syndrome (see Renpenning 
syndrome).

XLID-dystonia (see Partington syndrome).
XLID-hydrocephaly-basal ganglia calcifications. OMIM 

300630. X-linked recessive. Gene: AP1S2. Hydrocephalus, cal-
cification of the basal ganglia, hypoplastic muscles, kyphosco-
liosis, genu valga, pes planus, hypotonia progressing to spastic 
paraplegia, intellectual disability.

XLID-hypogonadism-tremor. OMIM 300354. X-linked 
recessive. Gene:  CUL4B. Short stature, variable head size, 
prominent lower lip, hypogonadism, obesity, gynecomastia, 
seizures, tremors, muscle wasting of legs, abnormal gait, atten-
tion deficit, intellectual disability.

XLID-infantile spasms (see West syndrome).
XLID-nail dystrophy-seizures. X-linked recessive. 

Gene:  UBE2A. distinctive facial appearance (including 
upslanting palpebral fissure, synophrys, low nasal bridge, mid-
face hypoplasia, large mouth, thin lips), broad and short neck, 
small penis, hirsutism, dry skin, nail dystrophy, seizures, intel-
lectual disability.

XK-aprosencephaly (Garcia-Lurie syndrome). OMIM 
207770. Autosomal recessive inheritance suggested in some 
individuals. Aprosencephaly or anencephaly, limb anomalies 
(especially upper limb).

X-linked heterotaxy. OMIM 306955. X-linked. 
Gene: ZIC3. Complex cardiovascular malformations, dextro-
cardia, situs inversus of viscera, imperforate anus; has been 
described as a cause of VACTERL association with and with-
out hydrocephalus.

X-linked ichthyosis. OMIM 308100. X-linked recessive. 
Gene:  STS. Neonatal yellow-brown scaling of body sparing 
face, palms, and soles, corneal opacities, predisposition to tes-
ticular carcinoma, deficiency of steroid sulfatase.

XLID-short stature-hypogonadism, abnormal gait (see 
XLID-hypogonadism-tremor).

XLID, Claes-Jensen type. OMIM 300534. X-linked reces-
sive. Gene:  KDM5C. Maxillary hypoplasia, Progressive spas-
tic paraplegia, facial hypotonia, intellectual disability, variable 
craniofacial and additional anomalies.

Yunis-Varon Syndrome. OMIM 216340. Autosomal 
recessive. Short stature, brain malformations, sparse hair, 
distinctive facial appearance (proptosis, short upslanting 
palpebral fissures, low-set ears, short philtrum, thin lips, 
micrognathia), absent or hypoplastic thumbs and great toes, 
brachydactyly with small nails, skeletal changes (thin long 
bones, wide fontanels and sutures, absent or hypoplastic clav-
icles, absent sternal ossification, absent or hypoplastic digit 
I  and distal phalanges of digits II–V), absent nipples, intel-
lectual disability.

Zellweger syndrome. OMIM 214100. Autosomal reces-
sive. Genes:  ABCD3, PEX1, PEX10, PEX13, PEX14, PEX19, 
PEX2, PEX26, PEX5, PEX6. Peroxisomal disorder. Distinctive 
facial appearance (large anterior fontanel, wide sutures, flat-
tened facial profile, broad nasal bridge), hepatic dysfunction, 
intellectual disability.

Zimmermann-Laband syndrome. OMIM 135500. 
Autosomal dominant. Soft tissue enlargement of the ears and 
nose, gingival fibromatosis, hepatosplenomegaly, scoliosis, 
joint hypermobility, hypoplasia of distal phalanges, absent or 
dysplastic nails, variable intellectual disability.

Zlotogora cleft lip/palate—ectodermal dysplasia. OMIM 
225060. Autosomal recessive. Gene: HVEC. Sparse hair, cleft 
lip/palate, hypodontia, protruding ears, syndactyly, nail dys-
plasia, variable intellectual disability.
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3MC syndrome, 939

Aarskog syndrome, 23, 25, 939
Abdominal muscles, deficiency of, 321–22
Aberrant right subclavian artery, 616
Absent septum pellucidum, 349
Acardia, 907–8, 939
Accessory bones, 77, 80
Accessory kidney, 806–7
Accessory lobe of liver, 756
Accessory muscles, 326–27
Accessory spleens, 653
Accessory ureter, 811
Acetabular dysplasia, 189–90
Achalasia, 711
Acheiropodia, 939
Achondrogenesis, 100, 940
Achondroplasia, 28, 940
Ackerman syndrome, 939
Acrania, 389–91
Acrocallosal syndrome, 940
Acrodysostosis, 157, 159, 939
Acrofacial dysostosis, 939, 940
Acro-renal disorders, 792, 940
Adactyly, 141, 165–68, 522–23
Adams–Oliver syndrome, 940
Aganglionic duodenum, 727–28
Aganglionic megacolon, 738–40
Agenesis, definition of, 10
Agenesis of corpus callosum, 347–48, 940

prevalence of, 348t
Aglossia, 522–23
Aglossia-adactyly, 522–23, 940
Agnathia, 273–74, 446–47
Agnathia–holoprosencephaly, 446–47
Agnathia-otocephaly complex, 940
Aicardi syndrome, 347, 940
Alagille syndrome, 762–65, 940
Al-Awadi/Raas-Rothschild syndrome, 940
Albinism, 296–98, 940
Albright hereditary osteodystrophy, 940
Al-Gazali syndrome, 940
Allan–Herndon–Dudley syndrome, 940
Alopecia, 303–4
Alpha-1-antitrypsin deficiency, 940
Alpha-thalassemia-intellectual disability 

syndrome, X-linked, 940
Alström syndrome, 940
Alveolar capillary dysplasia, 940
Amastia, 872–74, 940–41
Amelia, 47–48
Amelogenesis imperfecta, 555–58

classification of, 556t
environmentally induced 

defects, 557–58
hypocalcified, 556t, 557
hypomaturation, 556t, 557
hypoplastic, 556t, 556–57

Amniotic bands, 141, 149, 165–68, 
178–79, 941

cranial lobation with, 396
disruption sequence, 691–92

Amyoplasia, 108–9, 941
Anderman syndrome, 941
Androgen insensitivity, 941
Anencephaly, 389–91

area cerebrovasculosa, 389
neural tube defects, 386t
prognosis of, 391
treatment of, 391

Angelman syndrome, 941
Anhidrotic ectodermal dysplasia, 

286–87, 941
Aniridia, 419–21
Ankyloglossia, 527–528
Ankyloglossum superius, 528–29
Ankylosis, glossopalatine, 528–29
Anodontia, 549–50
Anophthalmia, 404–5, 941
Anorchia, 842–43
Anotia, 438–41

associated defects with, 438
prevalence of, 439

Anterior chamber cleavage syndrome, 421–23
Anterior polar cataracts, 426, 427t
Anterior segment dysgenesis of eye, 421–23
Antley–Bixler syndrome, 941
Anus 

atresia of, 748–751
development of, 747
embryology of, 747–48
imperforate, 748–51

Aorta 
coarctation of, 619–20
inferior vena cava, 624–25
innominate artery variants, 614–15
subclavian artery variants, 616–17

Aortic arch 
cervical, 611
double, 612–13
double-lumen, 613
interrupted, 608–9
right, 609–10

Aortopulmonary window, 588–89
Apert syndrome, 941
Aphalangy-hemivertebrae, 941
Aphallia, 827
Apical dystrophy, 149
Apical ectodermal ridge, 113, 114, 171
Aplasia, 310

definition of, 9
heminasal, 489–90

Aplasia cutis congenita, 239–40, 283–84
Appendages, epidermal, abnormalities of, 

286–90, 303–6
Aprosencephaly, 334–35
Arachnoid cyst, 364–65
Arachnoid diverticula, 382–83
Area cerebrovasculosa, 389
AREDYLD syndrome, 941
Arhinencephaly, 507
Arhinia 

absent nose, 488–89
unilateral, 489–90

Arhinia-choanal 
atresia-microphthalmia, 941

Arima syndrome, 941
Arnold–Chiari malformation, 367–70, 

392, 399
Aromatase excess syndrome, 941
Arteriohepatic hysplasia, 762–65
Arthrogryposis, 104–12, 941

amyoplasia, 108–9
causes of, 106
distal, 109, 110
fetal akinesia phenotype, 110–11
pterygium, 111–12

Arts syndrome, 941
ARX-associated XLID, 941
Ash leaf spots, 298
Aspartylglucosaminuria, 941
Asplenia 

congenital nonsyndromal, 646
congenital syndromal, 647–48

Association, definition of, 5, 7
Asymmetric growth, 885
Asymmetry 

generalized overgrowth, 885, 891–94
hemihyperplasia, 888–91
hemihypertrophy, 888–91
hemihypoplasia, 886–87
hemihypotrophy, 886–87
patterns of, 885

Atavisms, 327–28
Ataxia-deafness-dementia, X-linked, 941
Ataxia-telangiectasis, 941
Atelencephaly, 334–35
Atelosteogenesis, type I, 941
Atelosteogenesis, type II, 941
Atelosteogenesis, type III, 941
Atkin-Flaitz syndrome, 941–42
Atlas, occipitalization of, 196–197
Atretic encephalocele, 395
Atrophy 

definition of, 10
muscle, 310, 312

Auricle. See Ear, external
Auricular appendages, 461–62
Auricular fistulas, 463–64
Auricular pits, 463–64
Auricular tags, 461–62
Auriculocondylar syndrome, 942
Autoinflammation-lipodystrophy- 

dermatosis, 942
Autosomal dominant polycystic kidney 

disease, 797–98, 959
Autosomal recessive polycystic kidney 

disease, 795–96, 959–60
Axenfeld anomaly, 421–23
Axenfeld–Rieger syndrome, 421–23, 942
Axis, odontoid process of, 197–98

Baller–Gerold syndrome, 942
Banana sign, 399
Bannayan syndrome. See PTEN 

hamartoma syndrome

Baraitser–Winter syndrome, 942
Bardet–Biedl syndrome, 942
Bartsocas–Papas syndrome, 942
Basal cell nevus syndrome, 942
Basilar impression, 259–60
Bathrocephaly, 251–53
Beare–Stevenson syndrome, 942
Becker melanosis, 942
Becker nevus syndrome, 942
Beckwith–Wiedemann syndrome, 890, 

892, 942
Bicuspid aortic valve, 579–82
Biemond syndrome, type II, 942
Bifid epiglottis, 660–61
Bifid nose, 493–94
Bifid sternum, 683–84
Bifid tongue, 530
Bile ducts 

atresia of, 762–65
development of, 753
hypoplasia, 762–65
paucity of, 762–65

Biliary atresia, extrahepatic, 767–69
Biliary system, cysts of, 771–72
Biochemical testing, 27, 30
Bladder, exstrophy of, 693–94, 833–34
Bladder agenesis, 812
Bladder diverticulum, 814
Bladder exstrophy-epispadias complex, 

833–34, 942
Blepharophimosis, 412–13
Blepharophimosis-ptosis-epicanthus 

inversus syndrome, 942
Bochdalek hernia, 677
Body wall defects. See Ventral wall of 

the trunk
Bohring–Opitz syndrome, 942
Bone density 

decreased, 100–101
increased, 97–99

Boomerang dysplasia, 943
Börjeson–Forssman–Lehmann 

syndrome, 943
Bowing of long bones, 83–87

cause of, 84, 86
syndromes, 83, 84

Brachial amelia-cleft 
lip-holoprosencephaly, 943

Brachydactyly, 143–59
Farabee type, 143–45
Mohr–Wriedt type, 146
type A1, 143–45, 943
type A2, 146–47
type A3, 148–49
type B, 149–51
type C, 152–54
type D, 155–56
type E, 157–59

Brachymesophalangy, 146, 148–49
Brachymetacarpy/

brachymetapody, 157–59
Brachypodism, 153

INDEX
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Brain, 329–30
agenesis of corpus callosum, 347–48
aprosencephaly/atelencephaly, 334–35
cavum, 349–50
cerebellar abnormalities, 360–62
Chiari malformations, 367–69
colpocephaly, 353–54
cortical development 

malformations, 338–46
cystic malformations, 363–66
embryology of, 329–30
focal cortical dysplasia, 345–46
heterotopias, 344–45
holoprosencephaly, 336–38
hydranencephaly, 355–56
hydrocephalus, 351–53
inborn errors with, malformations, 29t
lissencephaly, 339–41
megalencephaly, 333–34
microcephaly, 331–32
pachygyria, 341–42
polymicrogyria, 342–43
porencephaly, 357–59

Brachioesophagus, 710
Branchio-oculo-facial syndrome, 943
Branchiootic syndrome, 811, 943
Branchiootorenal syndrome, 811, 943
Branchio-skeleto-renal syndrome. See 

Otofaciocervical syndrome
Breasts, 871

amastia, 872–74
development stages, 872t
embryology of, 871–72
enlarged, 874–76
gynecomastia, 879–82
hyperplasia, virginal, 875–76
hypertrophy, 876
hypertrophy, neonatal, 875
hypertrophy, pregnancy, 876
hypomastia, 872–74
macromastia, 874–76
supernumerary, 876–78
widely spaced nipples, 879

Breech head, 251–53
Brevis muscles, 328
Bruck syndrome, 943
Bullous congenital ichthyosiform 

erythroderma, 943
Buschke–Ollendorff syndrome, 943
Butterfly vertebrae, 206–7

C syndrome, 943
Cacchi–Ricci disease, 802–3
Café au lait spots, 299
Campomelic dysplasia, 943
Camptodactyly, 175–77
Camptodactyly, arthropathy, coxa vara, 

and pericarditis synovitis, 943
Camurati–Engelmann disease, 943
Cantrell, pentalogy of, 217, 685–86, 943
Cantu syndrome, 943
Capillary malformations, 293–94, 296
Caput succedaneum, 250, 260–61
Carbohydrate deficient glycoprotein 

syndrome, 943
Cardiofaciocutaneous syndrome, 943
Cardiovascular system malformations, 

565–69, 570t
aorta, coarctation of, 619–20
aortopulmonary window, 588–89
associated anomalies, 570t
atrial septal defect, 572–74
atrioventricular septal defect, 574–76
cervical aortic arch, 611
clinical evaluation, 566
conotruncal defects, 586–89
coronary anomalies, 600–602

diagnosis of, 566
double aortic arch, 612–13
double-lumen aortic arch, 613
double outlet right ventricle, 592–93
Ebstein anomaly, 594–95
embryology of, 566–67, 568
genetics of, 565–66
heterotaxy, 602–5
hypoplastic left heart, 580–82
innominate artery variants, 614–15
interrupted aortic arch, 608–9
outflow tract anomalies, 583–85
patent ductus arteriosus, 617–18
prevalence of, 565–66
prevention of, 569
pulmonary atresia, 585
pulmonary stenosis, 584–85
pulmonary venous anomalies, 598–99
right aortic arch, 609–10
single ventricle, 590–91
subaortic stenosis, 579
subclavian artery variants, 616–17
supravalvar aortic stenosis, 580
tetralogy of Fallot, 583–84
transposition of great arteries, 587–88
tricuspid atresia, 596–97
truncus arteriosus, 587
valvar aortic stenosis, 579–80
ventricular outflow tract 

obstruction, 579–82
ventricular septal defect, 576–78

Carey–Fineman–Ziter syndrome, 943
Carney complex, 943
Carpal coalition, 62–63
Carpals, partition of, 79–80
Carpenter syndrome, 943
Carpenter–Waziri syndrome, 943
Cartilage-hair hypoplasia, 943
Casamassima syndrome, 943
Cataracts 

anterior polar, 426, 427t
classification of, 427t
congenital, 426–28
developmental, 426, 427t
lamellar, 426–27
nuclear, 426, 427t
posterior lentiglobus, 427–28
zonular, 426, 427t

Catel–Manzke syndrome, 943
Cat-eye syndrome, 944
CATSHL syndrome, 944
Caudal agenesis, 210–11
Caudal fold failure, 681, 682
Caudal regression, 210–11
Cavum, 349–50
CDAGS, 944
Cebocephaly, 336, 337
Cenani–Lenz syndactyly, 138–40, 944
Centers for Disease Control Modification 

of ICD codes, 11
Central nervous system anomalies, 329, 392
Cephalhematoma, 260–61
Cephalic fold failure, 681, 682
Cephalocele, 394–98
Cerebellar abnormalities 

cerebellar hypertrophy, 361
cerebellar hypoplasia/aplasia/

dysplasia, 361–62
complete cerebellar agenesis, 361
isolated vermis aplasia/hypoplasia/

dysplasia, 361
molar tooth sign, 360–61
pontine agenesis, 362
rhombencephalosynapsis, 360
tectocerebellar dysraphia, 360
unilateral cerebellar hemisphere 

agenesis/hypoplasia, 361

Cerebrocostomandibular syndrome, 944
Cerebrooculofacioskeletal syndrome, 944
Cerebro-oculo-genital syndrome, 

X-linked recessive, 944
Cervical aortic arch, 611
Cervical aplasia, 865–66
Cervical atresia, 865–66
Cervicoaural fistulas, 700–702
Chalasia, 712
Chanarin–Dorfman syndrome, 944
Char syndrome, 944
Charcot–Marie-Tooth neuropathy, 944
CHARGE syndrome, 7, 944
Chassaing–Lacombe chondrodysplasia 

syndrome, 944
Chediak–Higashi syndrome, 297, 944
Chiari malformations, 367–70, 392, 399
Childhood, growth in, 26
CHILD syndrome, 291, 944
Choanal atresia, 494–95
Choledochal cysts, 771–72
Cholesteatoma, congenital, 477–78
Chondrodysplasia punctata, X-linked 

dominant, 944
Chondromas, tongue, 536–38
Chorangioma, placenta, 917–18
Choristoma of tongue, 535–38
Choristomas, epibulbar, 414–16
Choroid plexus cysts, 366
Christian syndrome, 944
Christianson syndrome, 945
Chudley–McCullough syndrome, 945
CK syndrome, 945
Clark–Baraitser syndrome, 945
Classification of malformations, 11–12

by cause, 11
by morphologic alteration, 11
by regional anatomy, 11
by system, 11

Clavicle 
abnormalities of, 184, 185
aplasia of, 182–83
hypoplasia of, 182–83
pseudoarthrosis, 183–84

Cleft 
ala nasi, 492–93
coronal, of vertebrae, 207–8
laryngeal, 664–65
midline facial, 278–79, 513–14
nose, 493–94
pharyngeal, 700–702
sagittal, of vertebrae, 206–7
sternum, 683–84
tongue, 530

Cleft lip 
median, 513–14
with or without cleft palate, 514–16

Cleft palate, 517–18, 945
cleft lip with or without, 514–16
epidemiological characteristics of, 518t

Cleidocranial dysplasia, 231, 232, 234, 
236, 945

Cloaca, exstrophy of, 694–95
prognosis, 695
treatment, 695
variants of, 695

CLOVE syndrome, 945
Clubfoot, 178–79
COACH syndrome, 945
Coalition of hand and foot bones, 60, 62–64
Cocaine, prenatal exposure to, 44, 58, 960
Coccygeal ligament, 371
Cochlea 

dysplasia of, 483t
malformation of, 483, 484t

Cochleovestibular malformation, 482–84
Cockayne syndrome, 945

Coding of malformations, 12
Coffin–Lowry syndrome, 945
Coffin–Siris syndrome, 163, 164, 945
Cohen syndrome, 945
Collodion membrane, 285
Coloboma 

eyelid, 414
nose, 492–93
uveal, 406–8

Colon 
atresia, 736–37
duplication of, 743–45
megacolon, 738–40
stenosis, 736–37

Colpocephaly, 353–54
Comparative genomic 

hybridization, 27, 30
Complete cerebellar agenesis, 361
Complete syndactyly, 136–37
Complex, definition of, 5
Computed tomography, 26
Congenital, definition of, 8
Congenital asymmetry, facial 

skeleton, 274–75
Congenital cardiovascular defects, 

565, 570t
Congenital disorder of glycosylation, 945
Congenital heart defects, 565
Congenital high airway obstruction 

syndrome, 661–63
Congenital muscular dystrophy-  

dystroglycanopathies, 945
Congenital ocular muscle fibrosis, 945
Conjoined twins, 908–10
Connectional terms, definition of, 5, 7
Connective tissue, disorders of, 307–8
Conotruncal defects, 586–89
Conradi–Hünermann–Happle 

syndrome, 945
Constricted ear, 454–56
Constriction rings, 73–76

acquired, 75
associated anomalies, 76
causes of, 73, 76

Contractural arachnodactyly, 175, 
177, 945

Cornea, mesodermal dysgenesis of, 421
Corneal anomalies, congenital, 417–18
Cornea plana, 417–18
Cornelia de Lange syndrome, 946
Coronary anomalies, 600–602
Corpus callosum, agenesis of, 347–48
Cortical dysplasia-focal epilepsy, 946
Costello syndrome, 946
Coxa valga, 192–93
Coxa vara, 191–92
Cranial bones 

thick, 246–47
thin, 241, 242

Cranial deformations, 253–54
Cranial dermal sinus, 238
Cranial meningocele, 394–98
Cranial sutures, wide, 229
Craniodiaphyseal dysplasia, 946
Cranioectodermal dysplasia, 946
Craniofacial anomalies-anterior segment 

dysgenesis syndrome, 946
Craniofrontonasal dysplasia, 946
Craniometaphyseal dysplasia, 946
Craniomicromelic syndrome, 946
Craniosynostosis, 221–25, 226

Boston, 228
secondary, 222, 242
syndromes, 221, 266–67

Craniotabes, 244–45
Cranium bifidum, 233–34
Creases, ear lobe, 464–65
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Creatine transporter deficiency, 946
Crouzen syndrome, 946
Cryptophthalmos, 410–12
Cryptophthalmos syndrome, 411
Cryptorchidism, 319, 840–41
Cryptotia, 445
Cryptophthlamia, 410
Cumming campomelia, 946
Cup ear, 454–56
Cupid’s bow vertebrae, 203, 205
Currarino syndrome, 946
Cutaneous hamartomas, 291–93
Cutis aplasia congenita, 239–40, 283–84
Cutis laxa, 308, 946
Cutis marmorata telangiectatica 

congenita, 946
CVS, 21
Cyclopia, 335, 336–37, 408–10
Cystic adenomatoid malformation, 674–75
Cystic fibrosis, 946
Cystic hygroma, 640–41

fetal, 638–40
Cysts 

arachnoid, 364–65
arachnoid diverticula, 383
biliary system, 771–72
choledochal, 771–72
choroid plexus, 366
dermoid, 383
enterogenous, 381–82, 707–8
glioependymal/ependymal, 365–66
intestines, 742–45
intraspinal, 382–83
malformations of brain, 363–66
megacystis, 772
neurenteric, 381
nonneurenteric, 382–83
pharyngeal, 700–702
septum pellucidum, 349
tailgut, 375
tongue, 535
umbilical cord, 928–29

Cytomegalovirus, prenatal infection, 
19, 960

Dandy–Walker malformation, 363
Darwinian tubercle, 459
Debré–Sémélaigne syndrome, 314
Deep vein abnormalities, 628
Deformation, definition of, 4
de Lange syndrome, 946
Deletion 22q11.2 syndrome, 946
Dens invaginatus, 554–55
Dental eruption abnormalities, 561–62
Dental malocclusion, 562–63
Dentin, dysplasia of, 558–60
Dentinogenesis imperfecta, classification 

of, 558t
Denys–Drash syndrome, 946
Dermis, 282
Dermoid cysts, familial frontonasal, 946
Developmental porencephaly, 358
Deviated nasal septum, 505–506
Diabetes mellitus, maternal, 17
Diamond–Blackfan anemia, 946–47
Diaphragmatic hernia, 677–79
Diastematomyelia, 373–75
Diastrophic dysplasia, 947
DiGeorge syndrome, 609, 947
Digits 

anomalies of, 113, 115–18, 124, 127, 
129, 131, 133, 135, 137, 139, 142, 
144, 146, 148, 150, 153, 156–58, 
161, 164, 166, 170–71, 177

Dilacerations, 554–555
Diphallia, 837, 838t
Diplomyelia, 373–75

Dislocation of hip, 189–90
Dislocation of patella, 104
Disorders of sex development, 841, 

845–47, 853, 858, 859–61
Disruptions 

definition of, 4
umbilical cord, 934

Distal arthrogryposis, 109, 110, 947
Distal arthrogryposis type 1(A,B), 947
Distal arthrogryposis type 2A 

(Freeman–Sheldon syndrome), 947
Distal arthrogryposis type 2B 

(Sheldon–Hall syndrome), 947
Distal arthrogryposis type 3 (Gordon 

syndrome), 947
Distal arthrogryposis type 5,5D, 947
Distal arthrogryposis type 7 (Trismus 

pseudocamptodactyly 
syndrome), 947

Distal arthrogryposis type 8 (multiple 
pterygium syndrome), 947

Distal arthrogryposis type 9 (Beals 
syndrome), 947

Distal arthrogryposis with deafness, 947
Distal symphalangism, 67, 125
Distichiasis, 414, 947
Diverticulum 

arachnoid, 382–83
bladder, 814
congenital pharyngeal, 702
duodenal, 725–26
esophageal, 708–9
Meckel, 745–46
stomach, 715

Dizygotic twins, 899
DK phocomelia, 947
Donnai–Barrow syndrome, 947
Double-inlet ventricle, 590–91
Double outlet right ventricle, 592–93
Double tongue, 529–30
Duane retraction syndrome, 947
Dubowitz syndrome, 947
Duchenne muscular dystrophy, 947
Ductal plate malformations, 758–61
Ductus arteriosus, patent, 617–18
Ductus venosus, patent, 627
Duodenum 

atresia and stenosis, 722–24
congenital aganglionic, 727–28
diverticula, 725–26
duplications, 724–25
malrotation of, 727
paraduodenal hernia, 729–30
vascular obstruction of, 728–29

Duplication 
chromosomal, 27
colon, 743–45
duodenal, 724–25
esophageal, 706–7
external auditory meatus, 449–50
gallbladder, 775
intestines, 742–45
nose, 495–96
penile, 837, 838t
rectal, 751–52
renal, 806–7
small intestine, 743
stomach, 715–16
ureter, 811
urethral, 821–22

Dwarfism, 87–91
Dyschondrosteosis, 947
Dysembryoma, 542
Dysgenesis, definition of, 10
Dysgenesis of corpus callosum, 347–48
Dyskeratosis congenita, 305–6, 947
Dysmorphology, definition of, 23

Dysplasia 
definition of, 9
ectodermal, 286–88, 947–48
hip developmental, 189–90
inner ear, 482–84
oculodentodigital, 130–31
skeletal, 26–27, 149, 178–79

Dyssegmental dysplasia, 947
Dystrophy, definition of, 10

Eagle–Barrett syndrome, 319
Ear, external, 437

anatomy of, 437
anomalies of external auditory 

canal, 449–50
anotia, 438–41
atresia of auditory canal, 449–50
cryptotia, 445
cup, 454–56
Darwinian tubercle, 459
deformation of, 465–66
duplication of auditory 

meatus, 449–50
embryology of, 437
helix, crus of, 457–59
large, 443–44
lobe creases/pits, 464–65
lobular defects, 460–61
lop, 454–56
low-set, 451–53
microtia, 438–41
Mozart, 459
otocephaly, 446–47
pits, 463–64
polyotia, 448
position, abnormal, 451–53
posteriorly rotated, 453
protruding, 456–57
reconstruction of, 440–41
size of, 442, 443–44
small, 442, 443
Stahl ear, 457–59
stenosis of auditory canal, 449–50
synotia, 446–47
tags, 461–62

Ear, inner, 481
dysplasia of, 482–84
embryology of, 481
hearing loss, prelingual, 485–86
malformations of, 482–84

Ear, middle, 467–69
cholesteatoma, 477–78
congenital fixation of stapes, 475–76
embryology of, 468–69
incus, fusion defects of, 473
incus, malformation of, 472
jugular bulb, highly placed, 479
malformations of, 470
malleus, fusion defects of, 471
ossicular chain of, 467
ossicular malformations, 468t
oval window, absence of, 476–77
stapedial artery, persistence of, 478–79
stapes, malformations of, 473–74

Ebstein anomaly, 594–95
Ectodermal dysplasias, 286–88, 947–48
Ectopia cordis, 685–86
Ectopias, neuronal, 344–45
Ectopic testis, 844
Ectopic thyroid, 543–44, 545
Ectrodactyly, 169, 948
Ectropion, congenital, 416
Ehlers–Danlos syndrome, 307, 948
Ellis–van Creveld syndrome, 948
Embryonic growth, assessment of, 21–22
Enamel dysplasia, 555–58

classification of, 556t

Encephalocele 
atretic, 239–40, 395
basal, 394–95
classification of, 396t
involving the nose, 398, 508–9
neural tube defects, 386t
prognosis of, 397–98
treatment of, 397

Encephaloclastic porencephaly, 357–58
Endocardial cushion defect, 574–76
Endomysium, 311
Enteric system, cysts, 742–45
Enterogenous cysts 

gastrointestinal system, 707–8
tongue, 535

Entropion, congenital, 416
Environmental causes of 

malformations, 14–19
bacteria, 18
drug/chemical exposure, 14, 15t, 16
fungi, 18
hormonal influence, 16t
hypothermia/hypoxia, 16t
immunologic influence, 16t, 18–19
infections, 15t, 17–18
isotopes, 15t
maternal illness, 16–17
mechanical forces, 16t
metals, 15t
nutrient deficiency, 16t
prenatal mechanical influences, 18
prions, 18
protozoa, 18
radiation, 15t
teratogens, 14, 15–16t
viruses, 18

Ependymal cysts, 365–66
Epibulbar choristomas, 414–16
Epicanthus, 416
Epidemiology, 12
Epidermal appendages, abnormalities 

of, 303–6
Epidermal nevus, 291–92
Epidermal nevus syndrome, 291, 948
Epidermis, 282
Epidermoid cyst, tongue, 535, 536
Epidermolysis bullosa, 288–90, 948

subtypes of, 290t
Epigenetic phenomena, 13
Epiglottis, bifid, 660–61
Epimysium, 311
Epispadias, male, 833–34
Esophageal atresia, 703–5
Esophageal diverticula, 708–9
Esophagus 

achalasia, 711
anomalies of, 698t
atresia, 703–5
chalasia, 712
diverticula, 708–9
heterotopic gastric mucosa in, 709
locations of malformations, 698
rings, 706
short, congenital, 710
tubular duplications, 706–7
webs, 706

Etiology, definition of, 9
Exstrophy of bladder, 693–94
External auditory meatus, duplication 

of, 449–50
Extrahepatic biliary atresia, 767–69
Extrahepatic ducts, anomalies of, 773–76
Extraocular eye muscles, deficiency 

of, 318–19
Eye, 403

aniridia, 419–21
anophthalmia, 404–5
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anterior segment dysgenesis, 421–23
blepharophimosis, 412–13
cataracts, congenital, 426–28
coloboma, 406–8
corneal malformations, 417–18
cryptophthalmos, 410–12
cyclopia, 408–10
deficiency of extraocular 

muscles, 318–19
embryology of, 403–4
eyelids, anomalies of, 414–17
hyperplastic primary vitreous, 

persistence, 428–30
iris, hypoplasia of, 420
malformations, 403t
microphthalmia, 406–8
morning glory disc anomaly, 435436
optic nerve, hypoplasia of, 431–33
optic pit, 434–35
Peters anomaly, 424–25
synophthalmia, 408–10
telecanthus, 414

Eyelids 
anomalies of, 414–17
coloboma, 414

retraction of, 416–17

Facial bones, 265
agnathia, 273–74
anomalies of, 279t
asymmetry of, 274–75
embryology, 265–66
metopic synostosis, 266–67
micrognathia, 275–76
midface anomalies, 277–78
midline clefting, 278–79, 513–14
orbital hypertelorism, 270–72
orbital hypotelorism, 268, 269, 270
zygomatic hypoplasia, 272–73

Facial clefts, 278–79, 511, 513–14
Facioaudiosymphalangism syndrome, 948
Fallopian tube, absence of, 863
Familial glomerulocystic disease, 948
Familial nephronophthisis, 801–2
Family discussions, 31–32
Fanconi anemia, 161, 948
Farabee brachydactyly, 143–45
Farber lipogranulomatosis, 948–49
Feet 

anomalies of, 114, 120, 123, 126, 143, 
169, 173, 175, 178

brachydactyly, 143–59
camptodactyly, 175–77
clubfoot, 178–79
embryology, 113, 114
macrodactyly, 173–75
malformations of, 114, 120, 123, 126, 

143, 169, 173, 175, 178
postaxial deficiency, 163–65
postaxial polydactyly, 120–22
preaxial deficiency, 160–62
preaxial polydactyly, 114–19
split-hand/foot malformations, 169–72
syndactyly, 126–42
terminal transverse deficiency, 165–68
terminology, 113

Feingold syndrome, 949
Female genital system, 853

ambiguous genitalia, 859–61
cervical aplasia, 865–66
disorders of sex development, 853, 

858, 859–61
embryology of, 853–54
fallopian tube, absence of, 863
hermaphroditism, 858
mixed gonadal dysgenesis, 856–58

Müllerian aplasia, 861–62
Müllerian fusion, incomplete, 863–65
ovarian dysgenesis, 854–56
ovotesticular disorder of sex 

development, 858
vaginal aplasia, 866–67
vaginal septum, longitudinal, 869
vaginal septum, transverse, 867–68

Femoral-facial syndrome, 949
Femur 

absent, 56–57
bifurcation of, 81
deficiency of, 44, 56–57
hypoplasia of, 56–57

Femur-fibula-ulna syndrome, 949
FG syndrome (Opitz-Kaveggia 

syndrome), 957
Fetal akinesia deformation sequence, 

106, 110–11
Fetal cystic hygroma, 638–40
Fetal growth, assessment of, 21–22
Fetal resorption, 900
Fetus papyraceus, 901
Fibrocystic cholangiopathy, 758–61
Fibrodysplasia ossificans progressive, 949
Fibula 

anomalies of, 42, 50
deficiency of, 41, 42, 55–56

Field defect, concept of, 5
Filum terminale, 371
Finlay–Marks syndrome, 949
FISH, molecular studies using, 30
Fissured tongue, 531–32
Fistula, pharyngeal, 700–702
Fitzsimmons syndrome, 949
Floating-Harbor syndrome, 949
Focal cortical dysplasia, 345–46, 949
Fontanels 

anomalies of, 230–33
closure time, 230
diagnosis, 230–33
extra, 230

Foramen magnum, anomalies of, 256–57
Forney syndrome, 949
Fragile X syndrome, 23, 24, 949
Fraser syndrome, 949
Frasier syndrome, 949
Frontofacionasal dysplasia, 949
Frontometaphyseal dysplasia, 949
Frontonasal dysplasia, 949
Fryns syndrome, 949
Fucosidosis, 949
Fuhrmann syndrome, 949
Fused kidney, 809–10

Gall bladder 
agenesis of, 765–66
anomalies of, 773–76
embryology of, 753
structural variation of, 773–76

GAPO syndrome, 949
Gastric mucosa, esophagus, 709
Gastric musculature defects, 716–17
Gastrointestinal system 

achalasia, 711
chalasia, 712
colon, anomalies of, 736–45
congenital pharyngeal diverticula, 702
congenital short esophagus, 710
diverticula of stomach, 715
duplication of stomach, 715–16
embryology of, 697–99
enterogenous cysts, 707–8
esophageal atresia, 703–5
esophageal diverticula, 708–9
esophageal webs and rings, 706
esophagus, 698t

gastric mucosa in esophagus, 709
gastric musculature defects, 716–17
ileum, anomalies of, 734–35
jejunum, anomalies of, 732–34
microgastria, 714
mucosal heterotopia of stomach, 718–19
pharyngeal fistulas, sinuses and cysts, 

700–702
pyloric atresia, 719–20
pyloric stenosis, 721–22
stomach, 699t
stomach atresia and stenosis, 713
stomach malposition, 717–18
tracheoesophageal fistula, 703–5
tubular esophageal duplications, 706–7
See also Duodenum; Esophagus; 

Stomach
Gastroschisis, 686–87
Geleophysic dysplasia, 949
Generalized overgrowth, 891–94
Genes, male genital development, 826t
Genitalia, ambiguous, 859–61
Genital system. See Female genital 

system; Male genital system
Genitopatellar syndrome, 949
Genomic imprinting, 13
Genotype, definition of, 5
Gigantism, 91–92
Gingival fibromatosis-hearing 

loss-supernumerary teeth, 950
Giuffrè–Tsukahara syndrome, 950
Glenoid hypoplasia, 187–88
Glioependymal cysts, 365–66
Globodontia, 554–55
Glossopalatine ankylosis, 528–29
Glutaric acidemia, 950
Glycogen storage disease, 950
GM1-gangliosidosis, 950
Goldberg–Sphrintzen syndrome, 950
Goldenhar syndrome, 950
Goldston syndrome, 950
Gollop–Wolfgang syndrome, 81, 950
Goltz–Gorlin syndrome, 950
Gonadal dysgenesis, mixed, 856–58
Gorham–Stout disease, 950
Gracile bone dysplasia, 950
Graham anophthalmia syndrome, 950
Great arteries, transposition of, 587–88
Greig cephalopolysyndactyly syndrome, 

118, 950
Griscelli syndrome, 297, 950
Growth 

asymmetric, 885
generalized overgrowth, 891–94

Growth curves, 20
Gynecomastia, 879–82

adolescent, 879–80
drugs causing, 881
enzyme defects, 881
neoplasms, 882

treatment, 882

Hair, 281–82
abnormalities of, 303–5

Hajdu–Cheney syndrome, 950
Hallermann–Streiff syndrome, 950
Hamartomas 

cutaneous, 291–93
retrorectal cystic, 375
tongue, 541

Hand-foot-genital syndrome, 950
Hands 

anomalies of, 114, 120, 123, 126, 143, 
169, 173, 175

brachydactyly, 143–59
camptodactyly, 175–77
embryology, 113, 114

macrodactyly, 173–75
malformations of, 114, 120, 123, 126, 

143, 169, 173, 175
postaxial deficiency, 163–65
postaxial polydactyly, 120–22
preaxial deficiency, 160–62
preaxial polydactyly, 114–19
split-hand/foot malformations, 169–72
syndactyly, 126–42
terminal transverse deficiency, 165–68
terminology, 113

Hardiker syndrome, 950
Hartsfield syndrome, 950
Harlequin fetus, 285, 286
Hay–Wells syndrome, 950
Hearing loss, 468–70

nonsyndromal, 485–86
prelingual, 485–86

Heart 
embryology of, 566–68
aortopulmonary window, 588–89
atrial septal defect, 572–74
atrioventricular septal defects, 574–76
cervical aortic arch, 611
clinical evaluation, 566
coarctation of aorta, 619–20
congenital heart defects,  

565, 570t
conotruncal defects, 586–89
coronary anomalies, 600–602
double aortic arch, 612–13
double-lumen aortic arch, 613
double outlet right ventricle, 592–93
Ebstein anomaly, 594–95
epidemiology of, 568–69
genetics of, 565–66
heterotaxy, 602–5
hypoplastic left heart, 580–82
inferior vena cava, 624–25
innominate artery variants, 614–15
interrupted aortic arch, 608–9
outflow tract anomalies, 583–85
patent ductus arteriosus, 617–18
persistent left superior vena 

cava, 622–23
pulmonary atresia with intact 

ventricular septum, 585
pulmonary stenosis, 584–85
pulmonary venous anomalies, 598–99
single ventricle, 590–91
subaortic stenosis, 579
subclavian artery variants, 616–17
supravalvar aortic stenosis, 580
tetralogy of Fallot, 583–84
transposition of great arteries, 587–88
tricuspid atresia, 596–97
truncus arteriosus, 587
valvar aortic stenosis, 579–80
ventricular outflow tract 

obstruction, 579–82
ventricular septal defect, 576–78

Hemangioma 
midline abdominal raphe, 950
placental, 917–18
tongue, 540–41
vascular malformations, 295, 296

Hemihyperplasia, 885, 888–91
Hemihypertrophy, 885, 888–91
Hemihypoplasia, 885, 886–87
Hemihypotrophy, 885, 886–87
Heminasal aplasia, 489–90, 950
Hemisternum, 683–84
Hennekam lymphangiectasia-lymphedema 

syndrome, 951
Hereditary bullous dystrophy, 951
Hereditary congenital facial paresis, 951
Hereditary mucoepithelial dysplasia, 951

Eye (Cont.)



I n d e x  |  973

Hereditary multiple intestinal atresia, 
737–38, 951

Hermansky–Pudlak syndrome, 951
Hermaphroditism, 858
Hernia 

congenital paraduodenal, 729–30
diaphragmatic, 677–79
inguinal, 850–51
umbilical, 688–89
umbilical cord, 929–30

Heterotaxy, 602–5, 951
Heterotopias, 344–45

bilateral, periventricular, nodular, 951
marginal glioneuronal, 344, 346t
subcortical laminar, X-linked, 951

Heterotopic gastric mucosa, 
esophagus, 709

Hip 
development dysplasia of, 189–90
dislocation of, 189

Hirschsprung disease, 738–40
Holmes–Gang syndrome, 951
Holoanencephaly, 389–91
Holoprosencephaly, 336–38, 951
Holt–Oram syndrome, 118, 161, 164, 951
Holzgreve–Thomas syndrome, 951
Homocystinuria, 951
Horseshoe kidney, 807–8
Human Genome Project, 565–66
Humeroradial synostosis, 68, 69
Humerus 

bifurcation of, 81
deficiency of, 52–53

Hutchinson–Gilford Progeria, 303–4, 951
Hydantoin, prenatal exposure to, 44, 58, 

59, 960
Hydranencephaly, 355–56
Hydranencephaly-renal aplasia/

dysplasia, 951
Hydrocele, 852
Hydrocephalus, 351–53

pathophysiology of, 351–52
Hydrocephaly-MASA spectrum, 951
Hydrolethalus syndrome, 951
Hydrops fetalis, 27

metabolic causes of, 22t
17-α-Hydroxylase deficiency, 939
17-β-Hydroxysteroid dehydrogenase III 

deficiency, 939
3-β-Hydroxysteroid dehydrogenase 

deficiency, 939
Hygroma, fetal cystic, 638–40
Hyperdontia, 553
Hyperekplexia, 315–16
Hyperextensible skin, 307, 307t
Hyperimmunoglobulin E syndrome, 951
Hyperkeratosis, 287, 290t, 301
Hyperostosis, 97–99
Hyperostosis of skull, 248–49
Hyperphalangy, 78–79, 152
Hyperpigmentation, 296, 299
Hyperplasia 

definition of, 9
muscle, 310, 315

Hypersegmentation, 152
Hypertelorism, orbital, 270–72, 414
Hypertrichosis, 303, 305
Hypertrophia musculorum vera, 313
Hypertrophy 

definition of, 10
muscle, 310, 315

Hypodontia, 549–50
Hypogenesis of corpus callosum, 347–48
Hypoglossia, 522–23
Hypoglossia-hypodactylia, 522–23, 951
Hypoinsulinemic hypoglycemia with 

hemihypertrophy, 951

Hypomastia, 872–74
Hypomelanosis of Ito, 298, 300, 951
Hypomelanotic macules, 298
Hypoparathyroidism, sensorineural 

deafness and renal dysplasia, 951
Hypophosphatasia, 951–52
Hypopigmentation, 296–98, 300
Hypoplasia 

definition of, 9
muscle, 310

Hypoplastic left heart, 580–82
Hypospadias, 831–33
Hypotelorism, orbital, 268
Hypothyroidism, 314–15, 952
Hypotrichosis, 305
Hypotrophy 

definition of, 10
muscle, 312

Ichthyosis, 285–86, 952
Ileal atresia and stenosis, 734–35
IMAGE syndrome, 952
Imaging, 27, 30
Immunodeficiency-centromeric 

instability-facial anomalies, 952
Immunoosseous dysplasia, 952
Inborn errors of metabolism 

with brain malformations, 29t
and dysmorphic features, 31t
and hydrops fetalis, 22t
and malformations, 31t

Incontinentia pigmenti, 952
Incus 

aplasia of, 472
fusion defects of, 473
hypoplasia of, 472
malformation of, 472

Infancy, growth in, 26
Infantile cataracts, 426, 427t
Infantile hypertrophic pyloric 

stenosis, 721–22
Infantile polycystic kidney disease, 797–98
Inferior vena cava, 624–25
Inguinal hernia, 850–51
Iniencephaly, 392–93
Innominate artery variants, 614–15
Interrupted aortic arch, 608–9
Intestines 

colon, atresia or stenosis of, 736–37
cysts of, 742–45
duplications, 742–45
embryology of, 731–32
ileal atresia and stenosis, 734–35
jejunal atresia and stenosis, 732–34
lymphangiectasia, 635
malrotation of, 741–42
Meckel diverticulum, 745–46
megacolon, 738–40
multiple atresias, 737–38

Intrahepatic biliary duct 
atresia, 762–65
hypoplasia, 762–65
paucity of, 762–65

Intramedullary pulse pressure theory, 377
Iris 

hypoplasia, 420
mesodermal dysgenesis of, 421

Isolated subclavian artery, 616–17
Isolated nonsyndromal pancreatic 

agenesis, 777

Jackson–Weiss syndrome, 952
Jansen metaphyseal dysplasia, 952
Jarcho-Levin syndrome, 952
Jejunum 

atresia, 732–34
stenosis, 732–34

Jervell and Lange–Nielsen syndrome, 952
Johanson–Blizzard syndrome, 952
Joubert syndrome, 952
Jugular bulb, highly placed, 479
Juvenile hyaline fibromatosis, 952

Kabuki syndrome, 952
Kallmann syndrome, 952
KBG syndrome, 952
Kenny–Caffey syndrome, 952
Keratinization, disorders of, 305
Keratitis, ichthyosis, deafness (KID) 

syndrome, 953
Keutel syndrome, 953
Kidney 

absence of, 791–93
accessory, 806–7
autosomal dominant polycystic kidney 

disease, 797–98, 959
autosomal recessive polycystic kidney 

disease, 795–96, 959–60
duplex, 811
familial nephronophthisis, 801–2
horseshoe, 807–8
medullary cystic disease, 801–2
medullary sponge, 802–3
obstructive renal cystic disease, 804–5
renal agenesis, 791–93
renal dysplasia, 799–800
renal ectopia, 809–10
renal hypoplasia, 793–94
small, 793–94
supernumerary, 806–7

Kindler syndrome, 953
Kleeblattschädel, 226–28
Kleefstra syndrome, 953
Klinefelter syndrome, 953
Klippel–Feil anomaly, 199–200, 953
Klippel–Trenaunay–Weber syndrome, 953
Kniest dysplasia, 953
Knobloch syndrome, 953
Knots, umbilical cord, 921–22
Kocher–Debré–Sémélaigne syndrome, 314–15
Kohlschutter–Tonz syndrome, 953
Kok syndrome, 315–16
Kuskokwim syndrome, 953

Laboratory testing and imaging, 27
biochemical, 27, 30
chromosomal analysis, 27
FISH, 30
molecular analysis, 30

Lacrimo-auriculo-dento-digital 
syndrome, 953

Large intestine. See Colon
Larsen syndrome, 953
Laryngeal abnormalities, 661–63
Laryngeal atresia-encephalocele-limb 

deformities, 953
Laryngeal cleft, 664–65
Laryngotracheoesophageal cleft, 664–65
Larynx 

anomalies of, 661–63
atresia, 661–63
stenosis, 662
web, 662–63

Lateral fold failure, 681, 682
Lateral meningocele, 953
Laterality 

situs ambiguus, 656–58
situs inversus, 654–55

Laurence–Moon syndrome, 953
Left heart syndrome, hypoplastic, 580–82
Left renal vein anomalies, 626
Left superior vena cava, persistent, 622–23
Left ventricular outflow tract 

obstruction, 579–82

Lehman syndrome. See Lateral 
meningocele

Lemon sign, 398, 399
Lentigines, 299–300
Lenz–Majewski hyperostotic 

dysplasia, 953
Lenz microphthalmia syndrome, 953
Lesch–Nyhan syndrome, 953
Lethal congenital contractures 

syndrome, 953
Leydig cell hypoplasia, 953
Limb agenesis, 47, 48
Limb-body wall defect, 691–92, 953
Limb deficiency, 39–60

associated anomalies, 42
causes of, 42
incidence of, 45t, 46t
intercalary, 39, 40, 41, 46t
longitudinal, 40, 41, 46t
terminal, 46t
transverse, 43, 58–59
treatment of, 49, 51, 52, 53, 56, 57, 59
vascular basis for, 42–44

Limb–mammary syndrome, 171–72
Limb overgrowth, 93–96

asymmetric, 93, 95
symmetric, 93
syndromes with, 93–96

Limbs 
accessory, 77, 80
anomalies of, 42, 43, 44, 45
arthrogryposis, 104–12
bone density, decreased, 100–101
bone density, increased, 97–99
bowing of, 39, 42, 83–87
constriction rings, 73–76
deficiencies of, 39–46, 47, 48, 50, 52, 

53, 55, 56, 58
duplications, 77, 81–82
embryology of, 37–39
excessive partitions of, 77, 79–80
hypertrophy, 93
incidence of limb reduction defects, 

45t, 46t
osteolysis, 101–3
overgrowth, 93–96
patella, anomalies of, 103–4
short stature, 87–91
synostosis, 60–61, 64–65, 68, 69–70, 71
tall stature, 91–92
thalidomide and, 42–44, 960

Lines of Blaschko, 300–302
Lingual frenulum, absence of, 526
Lingual thyroid, 543–45
Lingua plicata, 531–32
Lipoid congenital adrenal 

hyperplasia, 954
Lips, 511–12

cleft, with/without cleft palate, 514–16
embryology of, 511–12
median cleft, 513–14

Lissencephaly, 339–41, 953–54
type I, 339
type II, 339–40
type III, 340
X-linked, 953

Liver 
accessory lobe, 756
anomalies of, 754–57
anomalous lobation, 755–56
ductal plate malformations, 758–61
dysplasia, 758–61
ectopic tissue, 756
embryology of, 753
left lobe, absence of, 754–55
malposition of, 756–57
right lobe, absence of, 755
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Lobar emphysema, 676
Loeys–Dietz syndrome, 954
London Dysmorphology Database, 12
Long bones, bowing of, 83–87
Loops, umbilical cord, 920–21
Lop ear, 454–56
Lowe syndrome, 954
Lower respiratory organs, 659

bifid epiglottis, 660–61
cystic adenomatoid 

malformation, 674–75
diaphragmatic hernia, 677–79
embryology of, 659
laryngeal atresia, 661–63
laryngeal cleft, 664–65
laryngeal stenosis, 662
laryngeal webs, 662–63
lobar emphysema, 676
pulmonary agenesis/aplasia, 671–72
pulmonary hypoplasia, 673–674
tracheal agenesis, 666–67
tracheal cartilaginous sleeve, 669
tracheal stenosis, 667–68
tracheoesophageal fistula, 670

Low-set ears, 451–53
Lujan syndrome, 954
Lungs, lymphangiectasia, 637
Lymphangiectasia 

cystic renal, 636
intestinal, 635
pulmonary, 637

Lymphangiectasis, 631
Lymphangioleiomyomatosis, 642
Lymphangioma, 640–41

lymph system, 640–41
tongue, 539–40

Lymphangiomatosis, renal, 636
Lymphatic dysplasia, generalized, 636–37
Lymphatic system, 631–32

anomalies of, 631
dysplasia, generalized 

lymphatic, 636–37
fetal cystic hygroma, 638–40
hyperplasia of, 633–34
hypoplasia of, 633–34
lymphangiectasia, cystic renal, 636
lymphangiectasia, intestinal, 635
lymphangioleiomyomatosis, 642
lymphangioma, 640–41
lymphedema, 633–34
pulmonary lymphangiectasia, 637

Lymphedema, 633–34, 954
Lymphedema-distichiasis syndrome, 

632, 954

Macrencephaly, 333–34
Macrocephaly, 333–34
Macrodactyly, 173–75

differential diagnosis of, 174t
Macrodontia, 551
Macroglossia, 524–25
Macrogyria, 341–42
Macromastia, 874–76
Macrotia, 443–44
MACS syndrome, 954
Magnetic resonance imaging (MRI), 26
Malar flattening, 277
Male genital system, 823–25

cryptorchidism, 840–41
diphallia, 837, 838t
disorders of sex development, 

841, 845-47
ectopic/accessory scrotum, 840
ectopic testis, 844
embryology of, 824–25
epispadias, 833–34
events leading to differentiation of, 823

genes and development, 826t
hydrocele, 852
hypospadias, 831–33
inguinal hernia, 850–51
megalourethra, 835–36, 836t
micropenis, 828–30
Müllerian ducts, persistent, 849
penis, malformation of, 827, 834–35
penoscrotal transposition, 838–39
polyorchidism, 844
splenogonadal fusion, 850
testicular size, 843t
testis, absent or small, 842–43
Wolffian duct malformations, 848
46,XY disorder of sex 

development, 845–47
Malformations 

arteriovenous, 293–96
causes of, 12t
cerebellar abnormalities, 360–62
Chiari, 367–69
concurrence of minor and major, 7t
connectional terms, 5, 7
cortical development, 338–46
cystic, 363–66
definition of, 4
environmental causes of, 14–19
esophagus, 698t
genetic causes of, 12–14
inborn errors of metabolism, 29t
major, 1t, 2–3t, 5, 7t
minor, 1t, 5, 6t, 7t
naming, 7–8
neurenteric, of spinal cord, 381–82
nomenclature, 3–4, 10–11
nose, 500–503
pectoral girdle, 181
pelvic bones, 188, 189
pelvic girdle, 181
postnatal diagnosis, 22–23
prenatal diagnosis of, 20–21
prevalence of, 1t, 2–3t
ribs, 211–13
split cord, 373–75
split-hand/foot, 169–72
stomach, 699t
syndromes associated with, 939–67
timing of structural alterations, 8–9
tooth shape, 554–55
unknown causes, 20
vascular, of skin, 293–96

Malformation syndromes 
gene loci of, 21
genes that cause, 21
growth in individuals with, 26–27

Malleus 
aplasia of, 470
fusion defects of, 471
hypoplasia of, 470
malformation of, 470

Malocclusion, dental, 562–63
Malrotation of duodenum, 727
Malrotation of intestines, 741–42
Mammary gland, development 

stages, 872t
Mandible, absence of, 273–74
Mandibuloacral dysplasia with 

lipodystrophy, 954
Mandibular hypoplasia, 275–76
Manitoba oculotrichoanal (MOTA) 

syndrome, 954
Mannosidosis, 954
Marden–Walker syndrome, 954
Marfan syndrome, 308, 954
Marshall–Smith syndrome, 954
Martinez–Frias syndrome, 954
MASA syndrome, 954

Maternal diabetes mellitus, 954
Maternal phenylketonuria, 954
Maternal serum screening, 21
Mayer–Rokitansy–Kuster–Hauser 

syndrome, 954
McCune–Albright syndrome, 955
McKusick–Kaufman syndrome, 955
Meckel–Gruber syndrome, 955
Measurement 

methods of, 23–26
standards of, 23–26

Meatal atresia, 449, 449–50
Meckel diverticulum, 745–46
Medial cleft lip, 513–14
Median rhomboid glossitis, 532–33
Medullary cystic disease, 801–2
Medullary sponge kidney, 802–3
Mega cisterna magna, 363
Megacolon, 738–40
Megacystis, 772, 813
Megadontia, 551
Megalencephalic leukoencephalopathy-  

subcortical cysts, 955
Megalencephaly, 333–34
Megalocornea, 417–18
Megalourethra, 835–36
Meier–Gorlin syndrome, 955
Melanocytes, 296–97, 299
Melkersson–Rosenthal syndrome, 955
Melnick–Needles syndrome, 955
Meningocele 

anterior, 379–80
lateral, 379–80
neurofibromatosis type 1, 379, 380
spina bifida occulta and, 400
treatment of, 380

Meningoencephalocele, 394–98
Meningomyelocele, 399–401
Menkes syndrome, 955
Mermaid syndrome, 71
Meroanencephaly, 389–91
Mesenchymoma of tongue, 541
Mesoaxial polydactyly, 123–25
Mesodermal dysgenesis of cornea/

iris, 421–23
Mesomelic dysplasia, Kantaputra 

type, 955
Metacarpal segmentation, 79
Metacarpophalangeal profile analysis, 26
Metacarpophalangeal synostosis, 64–65
Metatarsophalangeal synostosis, 64–65
Metatrophic dysplasia, 955
Metopic synostosis, 266–67
Michelin tire syndrome, 955
Microblepharon, 416
Microcephalic osteodysplastic 

dwarfism, 955
Microcephaly, 331–32

simplified gyral pattern, 339–41
Microcornea, 417–18, 955
Microdontia, 552
Microgastria, 714
Microglossia, 522–23
Micrognathia, 275–76
Microorchia, 842–43
Micropenis, 828–30
Microphthalmia, 406–8, 955
Microtia, 438–41

and associated defects, 438
classification of, 438
etiology of, 439
prevalence of, 439

MIDAS syndrome, 955
Midface retrusion/hypoplasia, 277–78
Midline facial clefting, 278–79
Miles–Carpenter syndrome, 955
Miller–Dieker syndrome, 955

Miller syndrome, 955
Mirror image twins, 906
Mitchell–Riley syndrome, 955
Mitral valve stenosis, 579–82
Moebius syndrome, 955–56
Molar tooth sign, 360–61
Molecular analysis, 30
Monozygotic twins, 902–5

congenital anomalies in, 905t
types of placenta and membranes, 902

Monster, 10
Monstrosity, 10
Morgagni–Larrey hernia, 677
Morning glory disc anomaly, 435–36
Mosaicism, 300–302

chromosomal anomalies, 13
pigmentary, 299
X-chromosome disorders, 300–302

Mosaic Trisomy 8, 388t
Motor endplate, 311
Motor unit, 311
Mowat–Wilson syndrome, 956
Mozart ear, 459
Mucosal heterotopia of stomach, 718–19
Mucopolysaccharidosis I (Hurler 

syndrome), 956
Mucopolysaccharidosis II (Hunter 

syndrome), 956
Mucopolysaccharidosis III (Sanfilippo 

syndrome), 956
Mucopolysaccharidosis IV (Morquio 

syndrome), 956
Mucopolysaccharidosis VI 

(Maroteaux–Lamy syndrome), 956
Mucopolysaccharidosis VII (Sly 

syndrome), 956
Mucolipidosis II (I-cell disease, Leroy 

disease), 956
Mucolipidosis III (PseudoHurler 

polydystrophy), 956
Muenke syndrome, 956
Müllerian aplasia, 861–62, 956
Müllerian ducts, persistent, 849
Müllerian fusion, incomplete, 863–65
Multiple congenital contractures, 104–5

causes of, 105–6
disorders with, 106–7

Multiple intestinal atresia, 956
Multiple lentigines syndromes, 956
Multiple pterygia syndrome, 105, 

111–12, 956
Multiple synostoses syndrome, 956
MURCS association, 199, 956
Muscle, 309–12

abdominal wall defects, 321–22
accessory, 326–27
atavisms, 327–28
chromosomal disorders and, 326
deficiency of, 316–25, 326t
deficiency of extraocular eye, 318–19
dysplasia, 312
dystrophy, 312
effects on morphogenesis, 309
embryology of, 310–12
hyperekplexia, 315–16
hypertrophia musculorum vera, 313
hypertrophy, 312
hypoplasia, 312, 317, 318, 324–25
Kocher–Debré–Sémélaigne 

syndrome, 314–15
lower limb Poland type anomaly, 324
Poland anomaly, 322–24
prune belly, 319–21
terminology used, 310
variants of, 325–28

Muscle dystrophy, 312
Muscle fibers, 310
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Muscular hypertrophy, 314
Myelocystocele, 378–79
Myeloschisis, 399–401
Myotonic dystrophy, 956–57

Nager syndrome, 957
Nail-patella syndrome, 305, 957
Nails, 281–82

abnormalities of, 303, 305–6
Nance–Horan syndrome, 957
Nanocephaly, 331–32
Nasal septum, deviation of, 505–6
Nasal tooth, 505
Natal teeth, 561–62
Nephronophthisis, familial, 801–2
Netherton syndrome, 957
Neu–Laxova syndrome, 957
Neural tube defects, 329

anencephaly, 385, 389–91
embryology of, 387–88
encephalocele, 385, 394–98
environmental risk factors, 388t
iniencephaly, 392–93
malformations, 385, 386t, 387
spina bifida, 385, 399–401
syndromes with, 386t

Neurenteric cysts, 381
Neurenteric malformation, 381–82
Neurocutaneous melanosis, 957
Neurofibromatosis, type I, 957
Neutral lipid storage disease, 957
Nevus 

comedonicus, 291
connective tissue, 291
epidermal, 291–92
flammeus, 293
pigmented, 297
port-wine, 293–94
sebaceous, 283, 303

Nipples 
supernumerary, 876–78
widely spaced, 879

Nomenclature of malformations, 3–4
Nonneurenteric cysts, intraspinal, 382–83
Noonan syndrome, 957
Norrie disease, 957
Nose, 487

absent, 488–89
accessory, 495–96
anatomy, 487, 488
anomalies of, 500–503
aplasia, heminasal, 489–90
arhinencephaly, 507
arhinia, 488–89
arhinia, unilateral, 489–90
atresia, choanal, 494–95
bifid, 493–94
coloboma of nostril, 492–93
development of, 487
duplicated, 495–96
embryology of, 487
encephalocele affecting, 398
encephalocele involving, 508–9
malformations of, 500
measurements of, 488
nasal septum, deviation of, 505–6
nasal tooth, 505
polyrhinia, 495–96
proboscis, 497–99
small, 491–92
syndromes of, 504t
turbinate deformity, 506–7

Nuclear cataracts, 426, 427t

Obstructive renal cystic disease, 804–5
Occipital horn syndrome, 957
Occipital shelf, 252

Occipito-atlas synostosis, 196
Ocular hypertelorism, 270–72
Ocular hypotelorism, 268
Oculoauriculovertebral syndrome, 957
Oculocerebrocutaneous syndrome, 957
Oculocutaneous albinism, 297
Oculodentodigital dysplasia, 130–31, 957
Odontoid process, axis aplasia/

hypoplasia, 197–98
OEIS complex, 694–95, 957
Ohdo syndrome, 957
Okihiro syndrome, 957
Oligodactyly, 113, 138, 163

entities with, 164
teratogenic causes of, 167

Oligodontia, 549–50
Oligomeganephronia, 793–94
Oliver–McFarland syndrome, 957
Omphalocele, 689–90

anomalies with, 689–90
incidence of, 690

Optic nerve hypoplasia, 431–33
Optic pit, 434–35
Opitz GBBB syndrome, 957
Opitz–Kaveggia syndrome, 957
Orbital hypertelorism, 270–72, 414
Orbital hypotelorism, 268, 269, 270
Orofaciodigital syndrome I, 958
Orofaciodigital syndrome II (Mohr 

syndrome), 958
Orofaciodigital syndrome III (Sugarman 

syndrome), 958
Orofaciodigital syndrome IV 

(Mohr–Majewski syndrome), 958
Orofaciodigital syndrome V (Thurston 

syndrome), 958
Orofaciodigital syndrome VI 

(Varadi-Papp syndrome), 958
Orofaciodigital syndrome VII (Whelan 

syndrome), 958
Orofaciodigital syndrome VIII (Edwards 

syndrome), 958
Orofaciodigital syndrome IX, 958
Orofaciodigital syndrome X, 958
Orofaciodigital syndrome XI, 958
Orofaciodigital syndrome XII, 958
Orofaciodigital syndrome XIII, 958
Orofaciodigital syndrome XIV, 958
Ossiculum terminale persistens, 198
Ossification of patella, abnormal, 104
Osteogenesis imperfecta, 958
Osteoglophonic dysplasia, 958
Osteolysis, 101–3
Osteoma, tongue, 536–38
Osteomalacia, 100
Osteopathia striata-cranial sclerosis, 958
Osteopenia, 100
Osteopetrosis, 97–99, 958
Osteopoikilosis, 959
Osteoporosis, 100–101
Osteosclerosis, 97–99
Ostium primum defect, 574–76
Otocephaly, 446–47
Otodental dysplasia, 959
Otofaciocervical syndrome, 959
Otopalatodigital syndrome I, 959
Otopalatodigital syndrome II, 959
Oval window, absence of, 476–77
Ovarian dysgenesis, 854–56

Pachydermoperiostosis, 959
Pachygyria, 341–342
Palate, 511–12

cleft, 517–18
Pallister–Hall syndrome, 959
Pallister–Killian syndrome, 959
Pallium, 329

Pancreas 
absence of, 777–78
annular, 778–80
anomalies of, 778–81
cysts, 782–83
divisum, 780
dysplasias of, 782–83
ectopia, 784–85
embryology of, 753
heterotopia, 784–85
structural variation of, 778–81

Papillorenal syndrome, 959
Paraduodenal hernia, 729–30
Parasitic twins, 910
Parietal foramina, 233–34, 959
Partial anomalous pulmonary venous 

return, 599
Partington syndrome, 959
Partition, carpals and tarsals, 79–80
Patella 

abnormal ossification, 104
agenesis of, 103
anomalies of, 103–4
dislocation of, 104
hypoplasia of, 103

Patent ductus arteriosus, 617–18
Patent ductus venosus, 627
Pathogenesis, definition of, 9
Paucity of intrahepatic bile ducts, 762–65
Pectoral girdle 

atlas, occipitalization of, 196–97
clavicle, anomalies of, 184
clavicle aplasia/hypoplasia, 182–83
clavicular pseudoarthrosis, 183–84
coxa valga, 192–93
coxa vara, 191–92
embryology of, 181
glenoid hypoplasia, 187–88
hip dysplasia, 189–90
Klippel–Feil anomaly, 199–200
pelvic bones, anomalies of, 188, 189
rib anomalies, 211–13
sacral agenesis, 210–11
spondylolysis, 208–10
Sprengel anomaly, 185–87
sternum, anomalies of, 217–18
vertebrae, clefts of, 206, 207
vertebrae, defects of, 201–2

Pectus carinatum, 216–17
Pectus excavatum, 214–15
Pedunculated postminimus, 121
Pelvic girdle, 181
Pendred syndrome, 959
Penis 

absence of, 827
buried, 834–35
concealed, 834–35
hidden, 834–35
measurement of, 829t
micropenis, 828–30

Penoscrotal transposition, 838–39
Pentalogy of Cantrell, 217, 685–86, 943
Peripheral pulmonary artery 

stenosis, 621–22
Perlman syndrome, 959
Persistent fetal vasculature, 428–30
Persistent hyperplastic primary 

vitreous, 428–30
Persistent left superior vena cava, 622–23
Peters anomaly, 424–25
Peters plus syndrome, 424–25
Pfeiffer syndrome, 959
PHACE association, 959
Pharyngeal 

derivatives of arches, 701t
derivatives of clefts, 701t
derivatives of pouches, 701t

diverticula, congenital, 702
fistulas, sinuses and cysts, 700–702

Phenotype, definition of, 5
Photogrammetry, 25
Photography, 30–31
Pictures of Standard Syndromes and 

Undiagnosed Malformations 
(POSSUM), 12

Piebaldism, 296, 297, 959
Pigmentary disorder-reticulate, 959
Pigmentation, café au lait, 299
Pigmentation anomalies, skin, 296–300
Pigmented fungiform papillae of 

tongue, 534
Pits, ear lobes, 464–65
Pituitary hormone deficiency, 959
Placenta 

chorangioma, 917–18
mesenchymal dysplasia, 916–17
molar transformation of, 914–15
twin pregnancies, 918–19

Poland anomaly, 141, 322–24, 959
Poland-type anomaly, lower limb, 324
Polyaxial polydactyly, 120–22

type A, 121
type B, 121–22

Polycystic kidney disease, autosomal 
dominant, 797–98, 959

Polycystic kidney disease, autosomal 
recessive, 795–96, 959–60

Polydactyly 
mesoaxial, 123–25
postaxial, 120–22
preaxial, 114–19
triphalangeal thumb, 118

Polymastia, 876–78, 960
Polymicrogyria, 342–43
Polymicrogyria-optic nerve hypoplasia, 960
Polyorchidism, 844
Polyotia, 448
Polyrhinia, 495–96
Polysplenia, 649
Polysyndactyly, 115

Haas type, 132
Polythelia, 876–78
Pontine agenesis, 362
Popliteal pterygium syndrome, 960
Porencephaly, 357–59

cause of, 357
developmental, 358
encephaloclastic, 357–58
simple, 358–59

Portal vein, congenital absence of, 625
POSSUM, 12
Postaxial limb deficiency, 163–65
Posterior lentiglobus, 427–28
Posteriorly rotated ears, 453
Postnatal-onset obesity syndrome, 892
Potocki–Shaffer syndrome, 960
Potter cystic disease type III, 797–98
Potter type I, 797–98
Potter type IV, 804–5
Prader–Willi syndrome, 960
Preaxial limb deficiency, 160–62
Preaxial polydactyly, 114–19

syndromes with, 117–19
type I, 115, 116
type II, 115, 116
type III, 115, 116
type IV, 115, 117–19

Prelingual hearing loss, 485–86
Prenatal alcohol exposure, 960
Prenatal cocaine exposure, 44, 58, 960
Prenatal cytomegalovirus infection, 19, 960
Prenatal diagnosis, 20–21
Prenatal herpes simplex virus 

infection, 960
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Prenatal hydantoin exposure, 44, 58, 
59, 960

Prenatal isotretinoin exposure, 960
Prenatal methimazole/carbimazole 

exposure, 960
Prenatal misoprostol exposure, 960
Prenatal onset overgrowth, 892
Prenatal rubella infection, 14, 19, 960
Prenatal thalidomide exposure, 960
Prenatal toxoplasma infection, 960
Prenatal valproate exposure, 960
Prenatal warfarin exposure, 44, 58, 59, 960
Primary ciliary dyskinesia, 960
Primary distal renal tubular acidosis, 960–61
Primary microcephaly, 331
Primary myotubes, 311
Primary pulmonary hypoplasia, 673–74
Primary tethered cord, 372–73
Proboscis, 497–99
Progeria, 303–4, 951
Proliferative vasculopathy and 

hydranencephaly-hydrocephaly 
syndrome, 961

Prominent crus of the helix, 459
Proteus syndrome, 291, 292, 961
Protruding ear, 456–57
Proximal symphalangism, 66–67, 961
Prune belly syndrome, 319–21, 817–18, 961

with pulmonic stenosis, 961
Pseudoarthrosis, 82–83

claviclar, 183–84
Pseudocyst of umbilical cord, 928–29
Pseudoepiphysis, 152
PTEN hamartoma syndrome, 961
Pterygium, 105, 111–12
Pulmonary artery, peripheral, 

stenosis, 621–22
Pulmonary atresia with intact ventricular 

septum, 585
Pulmonary lymphangiectasia, 637
Pulmonary organs 

agenesis of, 671–72
anomalies of, 671–72
aplasia of, 671–72
lymphangiectasia, 637

Pulmonary stenosis, 584–85
Pulmonary venous anomalies, 598–99
Pustular psoriasis, 961
Pyknodysostosis, 961
Pyloric atresia, 719–20
Pyloric stenosis, 721–22

Rabson–Mendenhall syndrome, 961
Rachischisis, 399, 401
Radiocephalometry, 25
Radioulnar synostosis, 69–70
Radius, deficiency of, 48–50
Rapp–Hodgkin syndrome, 961
Recurrent hydatidiform mole, 961
Rectum 

atresia of, 748–51
development of, 747
duplication, 751–52
embryology of, 747–48

5-α-Reductase deficiency, 939
Refsum, 961
Reifenstein syndrome, 961
Renal agenesis, 791–93
Renal-coloboma syndrome, 961
Renal cysts-diabetes, 961
Renal dysplasia, 799–800
Renal ectopia, 809–10
Renal-hepatic-pancreatic dysplasia, 961
Renal hypoplasia, 793–94
Renal lymphangiectasia, cystic, 636
Renal tubular dysgenesis, 961
Renal vein, anomalies of, 626

Renpenning syndrome, 961
Resegmentation, 195
Restrictive dermopathy, 961
Retraction, congenital eyelid, 416–17
Rett syndrome, 961
Rhombencephalosynapsis, 360
Ribs 

anomalies of, 211–13
bifurcation of, 212
cervical, 213–14
fusion of, 212
gaps, 212
short, 212
thick, 212
thin, 212

Rieger anomaly, 421–23
Right aortic arch, 609–10

aberrant left subclavian artery, 610
mirror-image branching, 610

Ritscher–Schinzel syndrome, 961–2
Roberts syndrome, 294, 962
Robinow syndrome, 962
Roifman–Chitayat syndrome, 962
Rothmund–Thomson syndrome, 962
Rubinstein-Taybi syndrome, 962
Russell–Silver syndrome, 962

Sacral agenesis, 210–11
Sacral teratoma, 910–11
Saethre–Chotzen syndrome, 962
Sandhoff disease, 962
Sarcolemma, 311
Sarcomere, 310
Say–Meyer syndrome, 962
Scalp vertex aplasia, 239–40
Schinzel–Giedion syndrome, 962
Schizencephaly, 349, 357, 962

bilateral, 357, 358
syndromes, 358

Schwartz–Jampel syndrome, 962
Scimitar anomaly, 627–28
Sclerocornea, 417–18
Sclerosis of skull, 248–49
Sclerosteosis, 962
Sclerotomes, 311
Scrotal tongue, 531–32
Scrotum 

accessory, 840
ectopic, 840

Seckel syndrome, 962
Secondary myotubes, 311
Segmentation defects, vertebrae, 201–2
Sella turcica, anomalies of, 255–56
Senior–Løken syndrome, 962
Sensenbrenner syndrome, 962
Septal defects 

atrial, 572–74
atrioventricular, 574–76
ventricular, 576–78

Septooptic dysplasia, 962
Septum pellucidum, absence of, 349–50
Sequence, definition of, 5, 7
Setleis syndrome, 962–63
Sex development 

46,XX testicular disorder of, 939
46,XY disorder of, 845–47
genitalia, ambiguous, 859–61
ovotesticular disorder of, 858

Short-rib polydactyly dysplasia 
I (Saldino–Noonan syndrome), 963

Short-rib polydactyly dysplasia III 
(Verma–Naumoff syndrome, 963

Short-rib polydactyly dysplasia IV 
(Beemer–Langer dysplasia), 963

Short-rib polydactyly syndrome II 
(Majewski syndrome), 963

Short-rib thoracic dysplasia, 963

Short stature, 87–91
major types of, 89t
prognosis, 90–91
treatment, 89–90

Short umbilical cord syndrome, 923–24
Shovel-shaped incisors, 554–55
Shprintzen–Goldberg syndrome, 963
Shwachman–Diamond syndrome, 963
Siamese twins, 908–10
Simple porencephaly, 358–59
Simpson–Golabi–Behmel syndrome, 963
Single umbilical artery, 926–27
Single ventricle, 590–91
Sirenomelia, 71–73, 963
Situs ambiguous, 602–5, 656–58
Situs ambiguus, 602–5, 656–58

malformations, 657t
Situs inversus, 602–5, 654–55
Sjögren–Larsson syndrome, 963
Skeletal dysplasias, 149, 178–79

growth in individuals with, 26–27
Skin, 281–82

aplasia cutis congenita, 283–84
appendages of, 303–6
disorders of connective tissue, 307–8
ectodermal dysplasias, 286–88
embryology, 281–82
epidermolysis bullosa, 288–90
hamartomas, 291–93
ichthyosis, 285–86
lines of Blaschko, 300–302
mosaicism, 300–302
pigmentation anomalies of, 296–300
schematic diagram of, 282
vascular malformations of, 293–96

Skull 
anomalies of, 253–54, 262–63
basal foramina, anomalies of, 258
basilar impression, 259–60
bathrocephaly, 251–53
breech, 251–53
caput succedaneum, 250, 260–61
cephalhematoma, 260–61
craniosynostosis, 221–25
craniotabes, 244–45
cranium bifidum, 233–34
dermal sinus, 238
embryology, 219–20
fontanels, anomalies of, 230–33
foramen magnum, anomalies of, 256–57
hyperostosis of, 248–49
kleeblattschädel, 226–28
parietal foramina, 233–34
scalp vertex aplasia, 239–40
sclerosis of, 248–49
sella turcica, anomalies of, 255–56
sutures of, 219–20
thick, 246–47
thin, 241, 242
trigonocephaly, 266–67
undermineralization of, 243–44
vertex birth molding, 249–51
wide sutures, 229
Wormian bones, 235–37

Small intestine. See Ileum and Jejunum
Small patella syndrome, 963
Smith–Lemli–Opitz syndrome, 963
Snow-capped teeth, 557
Somite, 195
Somitomeres, 311
Sotos syndrome, 892, 893, 963
Spina bifida, 399–401

neural tube defects, 386t
occulta, 400
prenatal surgery, 401t
prognosis of, 401
treatment of, 401

Spina bifida occulta, 202
Spinal cord, 371

embryology of, 371
intraspinal nonneurenteric 

cysts, 382–83
meningoceles, 379–80
myelocystocele, 378–79
neurenteric malformation, 381–82
split cord malformation, 373–75
syringomyelia, 376–77
tailgut cyst, 375
tethered, 372–73

Spine 
altered vertebral body contour, 203–5
embryology of, 195
segmentation defects of 

vertebrae, 201–2
Spinocerebellar atrophy, 963
Spleen, 645

accessory, 653
asplenia, 646, 647–48
embryology of, 645
fusion of, 651–52
laterality, 654–55, 656–58
polysplenia, 649
positional alterations of, 650–51
situs ambiguus, 656–58
situs inversus, 654–55
structural variation, 654

Splenogonadal fusion, 850
Splenogonadal fusion-limb defects, 651–52
Splenorenal fusion, 651
Split cord malformation, 373–75
Split-hand/foot deformation, 169–72

associated malformations, 169
nonsyndromal, 170, 172
syndromal, 171

Split notochord malformation, 381–82
Spondylocarpotarsal synostosis 

syndrome, 963
Spondylocostal dysostosis, 963
Spondylocostal dysplasia, 963
Spondyloenchondrodysplasia with 

immune dysregulation, 964
Spondyloepimetaphyseal dysplasia, 964
Spondyloepiphyseal dysplasia 

congenita, 964
Spondyloepiphyseal dysplasia, Kimberley 

type, 964
Spondyloepiphyseal dysplasia tarda, 

autosomal dominant, 964
Spondylolisthesis, 208–10
Spondylolysis, 208–10
Sprengel anomaly, 185–87
Stahl ear, 457–59
Standards of growth measurement, 23–26
Stapedial artery, persistence of, 478–79
Stapes 

aplasia of, 473–74
congenital fixation of, 475–76
hypoplasia of, 473–74
malformation of, 473–74

Stapes ankylosis, 475–76, 964
Startle disease, 315
Stature 

short, 87–91
tall, 91–92

Stenosis 
aortic valve, 579–82
aural, 449–50
colon, 736–37
duodenal, 722–24
esophageal, 704–5
ileal, 734–35
infantile hypertrophic pyloric, 721–22
jejunal, 732–34
laryngeal, 662
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mitral valve, 579–82
peripheral pulmonary artery, 621–22
pulmonary, 584–85
stomach, 713
subaortic, 579
supravalvar aortic, 580
tracheal, 667–68
urethral, 819–20
valvar aortic, 579–80

Sternum, 217
anomalies of, 217–18
bifid, 217
cleft, 217

Stickler syndrome 1, 2, 964
Stickler syndrome 3, 964
Stiff baby syndrome, 315
Stomach 

anomalies of, 699t
atresia, 713
diverticula of, 715
duplication of, 715–16
locations of malformations of, 699
malposition of, 717–18
microgastria, 714
mucosal heterotopia, 718–19
musculature defects, 716–17
pyloric atresia, 719–20
stenosis, 713

Streak ovaries, 854–56
Strømme syndrome, 964
Stub thumb, 155–56
Subaortic stenosis, 579
Subclavian artery supply disruption 

sequence, 323
Subclavian artery variants, 616–17

aberrant right, 616
isolated, 616–17

Subcutaneous tissue, 282
Superior vena cava, persistent left, 622–23
Supernumerary breasts, 876–78
Supernumerary cranial bones, 235–37
Supernumerary cusps of teeth, 554–55
Supernumerary kidney, 806–7
Supernumerary naris, 495–96
Supernumerary nipples, 876–78
Supernumerary teeth, 553
Supernumerary testes, 844
Supernumerary tongue, 529–30
Supravalvar aortic stenosis, 580, 964
Sutural diastasis, 229
Symbrachydactyly, 141–42
Symmelia, 60, 71–73
Symphalangism, 60, 66–68

distal, 67
proximal, 66–67

Syndactyly, 60
Cenani–Lenz, 138–40
complete, 136–37
symbrachydactyly, 141–42
type I, 126–27
type II, 128–30
type III, 130–31
type IV, 132–34
type V, 134–36

Syndrome 
definition of, 5
naming, 7–8

Synophthalmia, 408–10
Synostosis, 60–61

carpal coalition, 62–63
craniosynostosis, 221–25
distal symphalangism, 67
humeroradial, 68, 69
metacarpophalangeal, 64–65
metatarsophalangeal, 64–65
metopic, 266–67
occipito-atlas, 196

proximal symphalangism, 66–67
radioulnar, 60, 69–70
sirenomelia, 71–73
tarsal coalition, 62–63
tibiofibular, 71

Synotia, 446–47
Synpolydactyly, 128–30
Syringomyelia, 376–77
Systemic vasculature, 607

aortic arch, cervical, 611
aortic arch, double, 612–13
aortic arch, double-lumen, 613
aortic arch, interrupted, 608–9
aortic arch, right, 609–10
coarctation of aorta, 619–20
congenital left renal vein 

anomalies, 626
deep vein abnormalities, 628
embryology of, 607
inferior vena cava variants, 624–25
innominate artery variants, 614–15
patent ductus arteriosus, 617–18
patent ductus venosus, 627
peripheral pulmonary artery 

stenosis, 621–22
persistent left superior vena 

cava, 622–23
portal vein, congenital absence of, 625
scimitar anomaly, 627–28

subclavian artery variants, 616–17

Tags, auricular, 461–62
Tailgut cyst, 375
Tall stature, 91–92

prognosis, 92
treatment, 92

Talon cusp, 554–55
TARP syndrome, 964
Tarsal coalition, 62–63
Tarsals, partition of, 79–80
Taurodontia, 554–55
Taussig–Bing anomaly, 592–93
Tectocerebellar dysraphia, 360, 392
Teeth, 547–48

abnormalities of, 554–55
agenesis of, 549–50
anatomy of, 547–48
cusps, supernumerary, 554–55
dental malocclusion, 562–63
dentin dysplasia of, 558–60
dilaceration, 554–55
embryology of, 547–48
enamel dysplasia of, 555–58
eruption, abnormalities of, 561–62
globodontia, 554–55
macrodontia, 551
microdontia, 552
natal, 561–62
parts of, 548
shape of, 554–55
sizes of, 551t
supernumerary, 553
taurodontia, 554–55

Telangiectasias, 293, 294
Telecanthus, 414
Telencephalosynapsy, 336–38
Temporal triangular alopecia, 239
Teratogen, definition of, 9, 14
Teratogenicity 

cocaine, 43, 44
hydantoin, 44
thalidomide, 42–44
warfarin, 44

Teratoma 
sacral, 910–11
tongue, 542

Terminal limb deficiency, 58–59

Terminal transverse deficiency, 165–68
teratogenic causes of, 167–68

Terminal transverse limb deficiency, 58–59
Terminology, negative, 10–11
Tertiary myotubes, 311
Testes 

absent or small, 842–43
ectopic, 844
hydrocele, 852
size, 843t
supernumerary, 844

Tethered cord, 372–73
Tetra-amelia with pulmonary 

hypoplasia, 964
Tetralogy of Fallot, 583–84
TGA. See Transposition of great arteries
Thanatophoric dysplasia, 964
Thick cranial bones, 246–47
Thin cranial bones, 241, 242
Thoracic cage, embryology of, 195
Thrombocytopenia-absent radius 

syndrome, 42, 49, 964
Thrombocytopenia-radioulnar 

synostosis, 964
Thumb, stub, 155–56
Thyroid, lingual, 543–44, 545
Tibia, deficiency of, 53–54
Tibial hemimelia-polysyndactyly-  

triphalangeal thumbs, 964
Tibiofibular synostosis, 71
Timothy syndrome, 964
Tongue, 521

absence of, 522–23
aglossia, 522–23
ankyloglossia, 527–28
ankylosis, 528–29
bifid, 530
brain tissue in, 536
chondromas, 536–38
choristoma of, 521, 524, 535–38, 543
cyst of, 535
double, 529–30
embryology of, 521–22
enlarged, 524–25
fissured, 531–32
hamartoma of, 541
hemangioma of, 540–41
hypoglossia, 522–23
lingual frenulum, absence of, 526
lingual thyroid, 543–45
lingua plicata, 531–32
lymphangioma of, 539–40
macroglossia, 524–25
median rhomboid glossitis, 532–33
mesenchymoma of, 541
microglossia, 522
muscles of, 521
osteomas, 536–38
pigmented fungiform papillae of, 534
scrotal, 531–32
teratoma of, 542
tie, 527–28
underdevelopment of, 522–23

Tooth, eruption abnormalities of, 561–62
Total anomalous pulmonary venus 

return, 598–99
Townes–Brocks syndrome, 964
Trachea 

agenesis of, 666–67
cartilaginous sleeve, 669
stenosis, 667–68

Tracheoesophageal fistula, 670, 703–5
Transfusion syndrome, twin to twin, 906–7
Transposition of great arteries, 587–88
Transverse limb deficiency, 58–59
TRAP sequence, 907–8
Treacher Collins syndrome, 964

Trichodentoosseous syndrome, 964
Trichorhinophalangeal syndrome I, 964–65
Trichorhinophalangeal syndrome II, 965
Trichothiodystrophy, 965
Tricuspid atresia, 596–97
Trigonocephaly, 266–67
Triphalangeal thumb, 78
Triphalangeal thumb-polysyndactyly 

syndrome, 118
Triple X syndrome, 965
Triploidy and neural tube defects, 388t
Trisomy 4p, 965
Trisomy 8, 965

and neural tube defects, 388t
Trisomy 12p, 965
Trisomy 13, 326, 965

and neural tube defects, 388t
Trisomy 18, 326, 965

and neural tube defects, 388t
Trisomy 20, 965
Trisomy 21, 326, 965

and neural tube defects, 388t
Truncus arteriosus, 587
Tuberous sclerosis, 291–93, 296, 298, 

299, 965
Turbinate deformity, 506–7
Turner syndrome, 965
Twins, 895–98

acardia, 907–8
congenital anomalies in, 905t
conjoined, 908–10
determinization of zygosity of, 896t
dizygotic, 899
fetus papyraceus, 901
growth curve of infants, 898
maternal physiology and metabolism 

in pregnancies, 898t
mirror image, 906
monochorionic diamniotic 

placentation, 896
monozygotic, 902–5
parasitic, 910
placentation in, 918–19
sacral teratoma, 910–11
sex ratio of types, 905t
structural anomalies, 897t
subtypes, 903t
transfusion syndrome, 906–7
vanishing, 900

Twin transfusion syndrome, 906–7
Type A interrupted aortic arch, 608–9
Type B interrupted aortic arch, 608–9
Type C interrupted aortic arch, 608–9

Ulceration of umbilical cord, 932–33
Ullrich muscular dystrophy, 965
Ulna, deficiency of, 50–51
Ulnar-mammary syndrome, 164, 965
Ultrasonography, prenatal diagnosis, 21
Umbilical cord, 913

cyst, 928–29
diameter anomalies, 935–36
disruption, 934
embryology of, 913–14
helical ulceration, 932–33
hernia, 929–30
insertion anomalies, 924–26
knots, 921–22
length, 923–24
loops, 920–21
pseudocyst, 928–29
separation anomalies of, 936–37
short, 923–24
torsion of, 931–32
twist of, 931–32
vascular anomalies of, 926–27

Umbilical hernia, 688–89
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Undermasculinization, 845–47
Undermineralization of skull, 243–44
Unilateral cerebellar hemisphere agenesis/

hypoplasia, 361
Univentricle, 590–91
Upper gastrointestinal system 

embryology of, 697–99
See also Duodenum; Esophagus; Stomach

Urachal anomalies, 815–16
Ureter, accessory, 811
Ureter, duplication of, 811
Urethra 

agenesis of, 817–18
atresia of, 817–18
duplication, 821–22
megalourethra, 835–36
posterior valves, 819–20
stenosis of, 819–20

Urinary bladder, absence of, 812
Urinary bladder, enlarged, 813
Urinary tract 

anomalies of, 790t
autosomal dominant polycystic kidney 

disease, 797–98
autosomal recessive polycystic kidney 

disease, 795–96
bladder diverticulum, 814
congenital anomalies of, 945
development of genitourinary 

system, 788
embryology of, 787–89
familial nephronophthisis, 801–2
horseshoe kidney, 807–8
kidney disorders, 795–96, 797–98, 

804–5, 806–7, 807–8
malformations of, 787t
medullary cystic disease, 801–2
medullary sponge kidney, 802–3
megacystis, congenital, 813

obstructive renal cystic disease, 804–5
renal agenesis, 791–93
renal dysplasia, 799–800
renal ectopia, 809–10
renal hypoplasia, 793–94
supernumerary kidney, 806–7
urachal anomalies, 815–16
ureter, duplication of, 811
urethral agenesis or atresia, 817–18
urethral duplication, 821–22
urethral stenosis, 819–20
urethral valves, 819–20
urinary bladder, absence of, 812

Urioste syndrome, 965
Urofacial syndrome, 965
Urorectal septum malformation 

sequence, 965
Usher syndrome, 965
Uveal coloboma, 406–8

VACTERL association, 7, 161–62, 965
VACTERL-hydrocephalus, 965
Vaginal aplasia, 866–67
Vaginal septum 

longitudinal, 869
transverse, 867–68

Valvar aortic stenosis, 579–80
Van Buchem disease, 966
Van Der Woude syndrome, 966
Von Hippel–Lindau syndrome, 966
Vanishing twin, 900
Vascular malformations 

skin, 293–96
umbilical cord, 926–27

Vascular obstruction of duodenum, 728–29
Vascular tumors, 296
Vena cava 

inferior, 624–25
superior, 622–23

Ventral wall of the trunk 
Cantrell pentalogy, 217, 685–86, 943
cloaca, exstrophy of, 694–95
defects of, 681
ectopia cordis, 685–86
embryology of, 681–82
exstrophy of the bladder, 693–94
gastroschisis, 686–67
limb-body wall defect, 691–92
omphalocele, 689–90
sternal defects, 683–84
umbilical hernia, 688–89

Ventricle 
double outlet right, 592–93
single, 590–91

Ventricular septal defect, 576–78
Vermis aplasia/hypoplasia/dysplasia, 361
Vertebrae 

coronal clefts of, 207–8
sagittal clefts of, 206–7
segmentation defects of, 201–2

Vertebral body, altered contour, 203–5
Vertex birth molding, 249–51
Vesical diverticulum, 814
Vesicointestinal failure, 694–95
Vestibulocochlear dysplasia, 482–84

classification of, 483t, 484t

Waardenburg syndromes, 297, 966
WAGR syndrome, 966
Wandering spleen, 650–51
Warburg microsyndrome, 966
Warfarin, prenatal exposure to, 44, 58, 59, 960
Watson syndrome, 966
Weaver syndrome, 966
Weill–Marchesani syndrome, 966
Werner syndrome, 966
West syndrome, 966
Weyers acrofacial dysostosis, 966

Whistling face syndrome, 966
Wide cranial sutures, 229
Wildervanck syndrome, 966
Williams syndrome, 966
Wilson–Turner syndrome, 966
Winchester syndrome, 966
Winter renal-genital middle ear, 966
Witkop syndrome, 966
Wolffian duct malformations, 848
Wolf–Hirschhorn syndrome, 966–67
Wolfram syndrome, 967
Wormian bones, 235–37

XK-aprosencephaly, 334, 335, 967
XK-atelencephaly, 334, 335
XLID-Claes-Jensen type, 967
XLID-cleft lip/cleft palate, 967
XLID-hydrocephaly-basal ganglia 

calcifications, 967
XLID-hypogonadism-tremor, 967
XLID-nail dystrophy-seizures, 967
X-linked anterior horn cell loss, 967
X-linked heterotaxy, 967
X-linked ichthyosis, 967
46,XX testicular disorder of sex 

development, 939
46,XY complete gonadal dysgenesis, 939
46,XY disorder of sex development, 845–47

Yunis–Varon syndrome, 967

Zellweger syndrome, 967
Zimmermann–Laband syndrome, 967
Zlotogora cleft lip/palate-ectodermal 

dysplasia, 967
Zone of polarizing activity, 113, 132
Zonular cataracts, 426, 427t
Zygodactyly, 126–27
Zygomatic hypoplasia, 272–73
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