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> NOTICE 

Medicine is an ever-changing science. As new research and clinical experience broaden our 

knowledge, changes in treatment and drug therapy are required. The authors and the publisher of 

this work have checked with sources believed to be reliable in their efforts to provide information 

that is complete and generally in accord with the standards accepted at the time of publication. 

However, in view of the possibility of human error or changes in medical sciences, neither the au- 

thors nor the publisher nor any other party who has been involved in the preparation or publi- 

cation of this work warrants that the information contained herein is in every respect accurate or 

complete, and they disclaim all responsibility for any errors or omissions or for the results 

obtained from use of the information contained in this work. Readers are encouraged to con- 

firm the information contained herein with other sources. For example and in particular, readers 

are advised to check the product information sheet included in the package of each drug they 

plan to administer to be certain that the information contained in this work is accurate and that 

changes have not been made in the recommended dose or in the contraindications for admin- 

istration. This recommendation is of particular importance in connection with new or infrequently 
used drugs. 
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Preface 

Based on a World Health Organization (WHO) 

report, about 3 million fetuses and infants are 

born each year with major congenital malfor- 

mations. Furthermore, congenital malformations 

account for nearly 500,000 deaths worldwide 

each year. Several large population-based studies 

place the incidence of major malformations at 

about 2-3% of all live births; among still births, 

the prevalence of major congenital malforma- 

tions is even higher. However, individual con- 

genital malformations are seen only infrequently 

by the individual practitioner. This book is in- 

tended to serve as a quick reference for medical 

students, residents, fellows, nurse practitioners, 

and practicing clinicians in the fields of pedi- 

atrics, family practice, genetics, and obstetrics. 

The main objectives of this book are to pro- 

vide the most current information on common 

major congenital malformations in a concise and 

easy-to-read format and to provide evidence- 

based guidelines for evaluation and management 

XV 

of these infants. The first three chapters provide 

a broad overview of dysmorphology, assess- 

ment of an infant with congenital malformation, 

and guiding principles of genetic counseling. 

The rest of the chapters are devoted to the com- 

monly encountered congenital malformations 

from different organ systems. The structure of this 

book was conceived to provide information in a 

concise but clear and easy-to-read format. For 

example, the list of associated syndromes is not 

exhaustive but includes syndromes most likely to 

be seen in association with a particular congeni- 

tal malformation. We hope that this format and 

the content will be helpful in achieving our goals. 

We are greatly indebted to all individuals 

whose hard work and commitment made this 

project possible. We would especially like 

to thank all contributors and our editors at 

McGraw-Hill, Jim Shanahan and Anne Sydor, 

for their patience and expert guidance through- 

out this project. 
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CHAPTER 1 

Dysmorphology 
PRAVEEN KUMAR 

The word dysmorphology is derived by combining 

three Greek words (dys—bad or disordered; 

morph—shape or structure; and ology— 

the study or science of). Dorland’s Medical 

Dictionary defines dysmorphology as a branch 

of clinical genetics concerned with the study 

of structural defects, especially congenital 

malformations. 

> EPIDEMIOLOGY OF BIRTH 
DEFECTS 

Congenital malformations or birth defects are com- 

mon among all races, cultures, and socioeconomic 

strata. Birth defects can be isolated abnormalities 

or part of a syndrome and continue to be an im- 

portant cause of neonatal and infant morbidity 

and mortality. Based on a World Health Organi- 

zation (WHO) report, about 3 million fetuses 

and infants are born each year with major con- 

genital malformations; congenital malformations 

accounted for an estimated 495,000 deaths world- 

wide in 1997.’ Several large population-based 

studies place the incidence of major malforma- 

tions at about 23% of all live births.7~° Table 1-1 

describes the relative frequencies of congenital 

malformations for different major organ systems 

at birth. An approximately equal number of ad- 

ditional major anomalies are diagnosed later in 

life. Of all congenital malformations diagnosed 

by the end of first year of life, nearly 60% are 

identified in the first month and about 80% by 

the end of 3 months.’ The prevalence of major 

congenital malformations is even higher among 

stillbirths with a significant birth defect reported 

in 15-20% of all stillbirths. 

With the introduction of prenatal ultrasound 

in obstetric care, many major congenital mal- 

formations are diagnosed prenatally, allowing 

parents to have the option of terminating the 

pregnancy. Termination of pregnancy for fetal 

malformations rose from 23 to 47 per 10,000 

births between 1985 and 2000.° The same study 
also reported that the diagnostic accuracy of 

prenatal ultrasound exceeds 90% for anencephaly 

and for abdominal wall defects but is still less 

than 70% for diaphragmatic hernia, bladder outlet 

obstruction, and many major skeletal defects.” 

Similarly, many cardiac defects diagnosed in the 

first year of life remain unsuspected before or at 

birth. Several recent reports on secular trends in 

the prevalence of congenital malformations 

from Europe, Canada, and Asia have also shown 

that prenatal diagnosis rates and pregnancy ter- 

minations have gradually increased over the last 
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> TABLE 1-1 Incidence of Major Malformations 

in Human Organs at Birth 

Organ Incidence of Malformation 

Brain 10:1000 

Heart 8:1000 
Kidneys 4:1000 
Limbs 2:1000 

All other 6:1000 

Total 30:1000 

two decades but the overall total prevalence of 

major malformations has been unchanged.*"'° 

Other studies have reported a gradual decline 

in the total prevalence of nonchromosomal and 

an increase in chromosomal anomalies.'''* No 

consistent evidence of seasonality has been re- 

ported for common birth defect groups.'? 

A higher overall rate of birth defects is reported 

in males and black infants.'*’° Another study 

from the UK reported a higher risk of congenital 

anomalies of nonchromosomal origin with in- 

creasing socioeconomic deprivation and specu- 

lated that this increase in risk was probably re- 

lated to differences in nutritional factors, lifestyle, 

environment and occupational exposures, ac- 

cess to healthcare, maternal age, and ethnicity.1° 

However, more research is necessary to confirm 
these findings and to better understand the 

reasons for the increased risk of congenital 

malformations with increasing socioeconomic 

deprivation, if any. 

Detailed information from population-based 

studies on the incidence and prevalence of mi- 

nor malformations is limited, less reliable, and 

less accurate because of difficulties and incon- 
sistencies in definitions, identification, docu- 

mentation, and reporting of these non-life- 

threatening birth defects. The incidence of 

minor malformations has been reported to vary 
from about 7% to as much as 41% among new- 

born infants. In addition, the majority of birth 

defect registries collect data only on congenital 

anomalies diagnosed before, at, or soon after 

birth; few collect data on cases diagnosed from 

birth to the age of 1 year. However, many mi- 

nor malformations of internal organs are diag- 

nosed later in life, if at all. 

Contribution of Birth Defects to 

Infant Mortality 

Congenital malformations are an important cause 

of infant death, both in absolute terms and as a 

proportion of all infant deaths, in both the de- 

veloped and developing world. Although only 

a small percentage of all newborns, 2-3%, are 

born with a major congenital malformation, con- 

genital malformations account for nearly 20% of 

all infant deaths in developed countries. Based 

on WHO data from 36 countries from different 
continents, overall infant mortality decreased 

on average 68.8% from 1950 to 1994 but infant 
mortality attributable to congenital anomalies 

decreased only 33.4%. Infant mortality attribut- 

able to congenital anomalies was higher in de- 

veloping countries than in developed countries 

but as a proportion of all deaths, infant mortal- 

ity attributable to congenital anomalies was 

higher in developed countries.’ The data from 

the United States and Canada show that infant 

deaths caused by major congenital malforma- 

tions have decreased significantly over the last 

several decades but birth defects remain the 

leading cause of infant death and account for 

nearly 20% of all infant deaths in these coun- 

tries.'°'” Birth defects are the leading cause of 
death among whites, Native Americans, and 

Asian Americans in the United States but the in- 

fant mortality rate related to birth defects for 

black infants is higher than the corresponding 

rates for infants of other races.!° 
Very few studies have addressed the survival 

data beyond infancy for children born with con- 
genital anomalies. A recent report concluded 

that the overall relative risk of mortality was 

higher in children with congenital malforma- 
tions compared to children without congenital 
malformations, and this risk of mortality was 
highest during the second year of life and re- 
mained high through the end of the sixth year.'® 



Almost 15-30% of all pediatric hospitalizations 

in the United States are related to birth defects, 

and approximately $8 billion is spent annually 

to provide medical and rehabilitative care for af- 

fected children in the United States alone.’? 

> EMBRYOLOGY OF BIRTH 
DEFECTS 

Since all congenital anomalies are a result of 

aberrant structural development before birth, 

basic understanding of normal and abnormal 

embryogenesis and fetal development is impor- 

tant for clinicians providing care for these in- 

fants. Prenatal development can be divided into 

three time periods: the preembryonic period or 

implantation stage, extending from the time of 

fertilization to the end of the second week of ges- 

tation; the embryonic stage, from the beginning 

Pre- 

organogenesis 

Embryonic Period 

(weeks) 

Fertilization to 

Bilaminar disc 

Formation 

Death Major Malformations 

( ) 
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of the third week to the end of the eighth week; 

and the fetal stage, from the ninth week until 

birth (Fig. 1-1).°*° The preembryonic stage starts 

with the fertilization and formation of the zygote 

which transforms into a blastocyst by the end of 

the first week. Characterized by the presence of 

pluripotent cells and rapid cell proliferation, im- 

plantation of the blastocyst is complete by the 

end of the second week. The presence of these 

pluripotent cells is also responsible for the “all 

or none” effect of teratogens during this period. 

An environmental insult during this period will 

either kill the embryo or produce no harm if the 

embryo survives. 

The embryonic stage is the time of primary 

tissue differentiation and formation of definitive 
organs. During the third week of gestation, it starts 

with the formation of primitive streak, notochord, 

and three germ layers from which all embryonic 

tissues and organs develop. During the following 

Fetal Period ————_/ 

weeks 

Central Nervous System 

External Genitalia 
=a SSS Sa ee ee eee | 

Functional Defects and Minor Malformations 

Figure 1-1. Susceptibility to teratogenesis for different organ systems. Solid bar indicates highly 

sensitive periods. (Reprinted with permission from Clayton-Smith J, Donnal /B) Human Malforma- 

tions. In: Rimoin DL, Connor JM, Pyeritz RE, eds. Emery and Rimoin’s principles and jeptenles of mea- 

ical genetics Vol |. 3rd ed. New York; Edinburgh: Churchill Livingstone; 1997:383-94.) 
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five weeks, from the fourth to the eighth week, 

all major organs and systems of the body form 

from the three germ layers and assume their fi- 

nal positions. By the end of this stage, the ap- 

pearance of embryo changes to a distinctly hu- 

man form. Because all essential external and 

internal structures are formed during this period, 

this is the most critical and vulnerable period of 

development (Fig. 1-1). The majority of major 

congenital malformations are a result of alter- 

ation in normal development during this stage. 

The remainder of gestation is primarily a pe- 

riod of growth in size and is characterized by 

rapid body growth and differentiation of tissues 

and organ systems. During this period, the fetus 

is less vulnerable to teratogenic effects of vari- 

ous agents but these agents may still interfere 

with growth and development of organs such 

as brain and eyes during the fetal period. 

> ETIOLOGY OF BIRTH DEFECTS 

The branch of medicine concerned with the 
study of abnormal prenatal development is ter- 

atology and includes the study of causes and 

pathogenesis of birth defects. The causes of con- 

genital anomalies are divided into four broad 

categories; genetic, environmental, multifactor- 

ial, and unknown. Initially, as many as 50-60% 

of all congenital anomalies were considered to 

have an unknown etiology but with recent ad- 

vances in genetics, the etiology of many syn- 

dromes is being identified. Based on earlier data, 

a genetic cause was considered to be responsi- 

ble in as many as 10-30% of all birth defects, 

environmental factors in 5-10%, multifactorial 

inheritance in 20-35%, and unknown causes 

were responsible in 30-45% of the cases.?17,72 

However, more recent data indicate that the eti- 

ology of a congenital malformation is unknown 
in about 17% of the cases.’ 

Genetic factors are responsible for a large 

majority of congenital malformations with known 
causes and play an important role in disorders 

of multifactorial inheritance. A chromosomal 
abnormality occurs in 1 of 170 liveborn infants. 

Among chromosomally abnormal neonates, one- 

third have an extra sex chromosome, one-fourth 

have trisomy of an autosome, and the remaining 

have an aberration of chromosomal structure 

such as a deletion or translocation.?? However, 

a significant majority of these infants have no phe- 

notypic manifestations at birth. Earlier studies re- 

ported that nearly 10% of infants with lethal mul- 

tiple congenital malformations have abnormal 

cytogenetic studies.*? However, this proportion 
is likely to be much higher today with advances 

in genetics. A chromosomal abnormality leading 

to a congenital malformation can be either nu- 

merical or structural. The examples of numerical 

abnormalities of chromosomes include Down 

syndrome (trisomy 21) and Turner syndrome 

(45 XO monosomy). The examples of structural 

chromosomal abnormalities include transloca- 

tions, deletions, microdeletions, duplications, or 

inversions. With better understanding of the hu- 

man genome and improved techniques in mole- 

cular cytogenetics, more and more structural 

chromosomal abnormalities are being identified 

as a cause of congenital anomalies previously 

considered to be of unknown etiology. 

Environmental factors also play an impor- 

tant role in the etiopathogenesis of many con- 

genital malformations. Maternal exposure to cer- 

tain environmental agents can lead to disruption 

of the normal developmental process and result 

in both minor and major congenital anomalies. 

These agents with a potential to induce a struc- 

tural anatomic anomaly in a developing fetus 

are termed feratogens (Greek: teratos [monster] 

and gen [producing]). Table 1-2 summarizes 

some common examples of teratogens in dif- 

ferent categories and the associated congenital 

malformations. The exact mechanisms by which 

each teratogen induces anomalies are not clearly 

known but include altered gene expression, his- 

togenesis, cell migration and differentiation, 

apoptosis, protein or nucleic acid synthesis and 
function, or supply of energy. The risk of hav- 
ing a congenital anomaly after exposure to a 
teratogenic agent depends on the nature and 
the dose of the agent, timing and duration of 
exposure, presence of concurrent exposures, 
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> TABLE 1-2 Common Teratogens and Associated Anomalies 

Vulnerable Period 

Teratogen Drugs 
Antihypertensive 

ACE inhibitors 
Anticonvulsants 

13th week-term 

Phenytoin 18-60 days 

Valproic acid 18-60 days 

Retinoids 18-60 days 

Anticoagulants 

Warfarin 6-9 weeks 

Androgens 2-24 weeks 

Infections 

Rubella First trimester 

Varicella zoster 8-20 weeks 

Maternal Disorders 

Diabetes First trimester 

Phenylketonuria Mainly first trimester 

Miscellaneous 

Alcohol First trimester 

Associated Congenital Anomalies 

Hypocalvaria, renal failure, pulmonary 
hypoplasia, death 

Cleft lip/palate, congenital heart defect, 
hypoplasia of nails 

Hypertelorism, hyperconvex nails, septo- 

optic dysplasia, cleft lip/palate, limb 

defects, microcephaly 

CNS/ear defects, cleft lip/palate, heart 

defects, eye anomalies 

Nasal hypoplasia, eye anomalies, 

hypoplastic phalanges 

Genital tract abnormalities 

Cataract, microcephaly, microopthalmia, 
heart defects 

Microcephaly, limb hypoplasia, cutaneous 

scars 

Neural tube defects, cardiac defects, 

caudal regression syndrome 

IUGR, microcephaly, dysmorphic features, 
maxillary and mandibular hypoplasia, 

cardiac defects, cleft lip/palate 

Microcephaly, maxillary hypoplasia, 

heart defects 

CNS, central nervous system; IUGR, intrauterine growth retardation; ACE, angiotensin-converting enzyme. 

and the genetic susceptibility of the embryo. It 

is likely that the interactions between genes and 

environmental factors are responsible for most 

birth defects related to teratogenic exposures. 

Classification of Congenital 

Anomalies 

Although all congenital malformations are a result 

of an aberrant structural development, the under- 

lying cause/mechanism, extent of maldevelop- 

ment, consequences, and the risks of recurrence 

are variable. Congenital anomalies can be clas- 

sified either based on timing of insult, underly- 

ing histological changes, or based on its med- 

ical and social consequences. 

A. Classification based on timing of insult. 

Congenital anomalies can be placed into the 

following three categories on the basis of 

developmental stage during which the aber- 

ration in development took place. 

1. Malformation. A malformation is a mor- 

phologic defect of an organ, part of an 

organ, or a region of the body due to 
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an intrinsically abnormal developmental 

process. They usually result from abnor- 

mal processes during the period of em- 

bryogenesis and have usually occurred 

by eighth week of gestation with the ex- 

ception of some anomalies of brain, gen- 

italia, and teeth. Since malformations arise 

during this early stage of development, 

an affected structure can have a configu- 

ration ranging from complete absence to 

incomplete formation. The examples of 

malformations in this category include re- 

nal agenesis and neural tube defects. Mal- 

formations are caused by genetic or envi- 

ronmental influences or by a combination 

of the two. 
. Disruption. Disruptions result from the 

extrinsic breakdown of or an interference 

with an originally normal developmental 

process, and the resulting anomaly can in- 

clude an organ, part of an organ, or a larger 

region of the body. Congenital abnormal- 

ities secondary to disruption commonly 

affect several different tissue types and 

the structural damage does not conform 

to the boundaries imposed by embryonic 

development. A disruption is never in- 

herited but inherited factors can predis- 

pose to and influence the development 

of a disruption. An anomaly secondary to 

disruption can be caused by mechanical 

forces, ischemia, hemorrhage, or adhe- 

sions of denuded tissues and occur dur- 

ing or after organogenesis. An example 

of congenital anomaly caused by disrup- 

tion is the amniotic band sequence. 

. Deformation. Deformational anomalies 

are produced by aberrant mechanical 

forces that distort otherwise normal struc- 

tures. These anomalies occur after organo- 

genesis, frequently involve musculoskeletal 

tissues and have no obligatory defects in 

organogenesis. Common causes of defor- 

mation are structural abnormalities of the 

uterus such as fibroids, bicornuate uterus, 

multiple gestation, and oligohydramnios. 

Deformations can be reversible after birth 

depending on the duration and extent 

of deformation prior to birth. 

Thus, both deformations and disruptions af- 

fect previously normally developed structures 

with no intrinsic tissue abnormality. These anom- 

alies are unlikely to have a genetic basis, are often 

not associated with cognitive deficits, and have 

a low recurrence risk. 

B. Classification based on underlying his- 

tological changes. Certain anomalies have 

a well-defined alteration in underlying cellu- 

lar and tissue development which can be 

ascertained by histologic analyses and clin- 

ical presentation. The understanding of 

these processes can help in explaining the 

pathogenesis of several common congenital 

malformations. 

L Aplasia. Aplasia indicates absence of cel- 

lular proliferation leading to absence of 

an organ or morphologic feature such as 

renal agenesis. 

. Hypoplasia. This term refers to insuffi- 

cient or decreased cell proliferation, re- 

sulting in undergrowth of an organ or 

morphologic feature such as pulmonary 

hypoplasia. 

. Hyperplasia. Hyperplasia means exces- 

sive proliferation of cells and overgrowth 

of an organ or morphologic feature. 

The terms hypo- or hyperplasia are used 

when there is either decrease or increase in a 

number of otherwise normal cells. Any alter- 

ation in normal cellular proliferation leads to 
dysplasia. 

4. Dysplasia. Dysplasia refers to abnormal 

cellular organization or histogenesis within 

a specific tissue type throughout the body 

such as Marfan syndrome, congenital ecto- 

dermal dysplasia, and skeletal dysplasias. 

Most dysplasias are genetically determined; 

unlike other mechanisms of congenital 



malformations, most dysplastic conditions 

have a continuing course and can lead 

to continued deterioration of function 
during life. 

C. Clinical classification of birth defects 

1. Single system defects. These defects 

constitute the largest group of birth de- 

fects and are characterized by involve- 

ment of either a single organ system or 

only a local region of the body such as 

cleft lip/palate and congenital heart de- 

fects. These anomalies usually have a mul- 

tifactorial etiology and the recurrence risk 

is often low. 

2. Multiple malformation syndrome. The 

term “syndrome” (Greek: running together) 

is used if a combination of congenital 

malformations occurs repeatedly in a con- 

sistent pattern and usually implies a com- 

mon etiology, similar natural history, and 

a known recurrence risk. However, there 

can be marked variability in phenotypic 

presentation in different patients with the 

same syndrome and the etiology may re- 

main unknown in many cases. 

3. Associations. Association includes clini- 

cal entities in which two or more con- 

genital anomalies occur together more 

often than expected by chance alone and 

have no well-defined etiology. The link 

among these anomalies is not as strong 
and consistent as among anomalies in 

a syndrome. A common example of an 

association is the VACTERL association 

which includes vertebral, anal, cardiac, 

tracheoesophageal, renal, and /imb anom- 

alies. The awareness of these associations 

can prompt a clinician to look for other 

defects when one component of an as- 

sociation is noted. These conditions usu- 

ally have a low recurrence risk and the 

prognosis depends on the number of 

malformations and severity of each un- 

derlying defect present in an individual 

case. 
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4. Sequences. The term sequence implies 

that a single primary anomaly or mechan- 

ical factor initiates a series of events that 

lead to multiple anomalies of the same or 

separated organ systems and/or body ar- 

eas. A common example is the Potter se- 

quence in which primary abnormality of 

renal agenesis leads to oligohydramnios, 

limb deformities, flat facies, and pulmonary 

hypoplasia. The underlying etiologies for 

most sequences are unknown and the re- 

currence risk is usually low. 

5. Complexes. The term complex is used 

to describe a set of morphologic defects 

that share a common or adjacent region 

during embryogenesis, for example, 

hemifacial microsomia. These defects are 

also referred to as polytopic field defects. 

Lack of nutrients and oxygen secondary 

to aberration of blood vessel formation in 

early embryogenesis as well as direct me- 

chanical forces have been identified as 

a cause of many recognized complexes. 

D. Classification of birth defects based on 

medical consequences. Based on the med- 

ical consequences, a congenital malforma- 

tion can be classified as either major or minor. 

1. Major malformations. Major malforma- 

tions are anatomic abnormalities which are 

severe enough to reduce life expectancy 

or compromise normal function such as 

neural tube defects, renal agenesis, etc. 

Major malformations can be further di- 

vided into lethal or severe malformations. 

A malformation is considered lethal if it 

causes stillbirth or infant death in more 

than 50% of cases.’ The remaining major 
malformations are life-threatening with- 

out medical intervention and are consid- 

ered severe. 
2. Minor malformations. Minor malforma- 

tions are structural alterations which either 

require no treatment or can be treated eas- 

ily and have no permanent consequence 

for normal life expectancy. The distinction 
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between minor malformation and a nor- 

mal variant is often arbitrary and is pri- 

marily based on the frequency of a finding 

in general population. A normal variant 

usually occurs in 4% or more of the pop- 

ulation as compared to minor malforma- 

tions which are present in less than 4% of 

the normal population. It is common for 

isolated minor anomalies to be familial. 

Minor malformations are most frequent in 

areas of complex and variable features 

such as the face and distal extremities. 

Minor malformations are relatively frequent 

and a higher incidence may be noted 

among premature infants and infants with 

intrauterine growth retardation. In general, 

minor malformations are more subtle, have 

low validity of diagnoses, and are not re- 

ported consistently. They are nevertheless 

significant as they may be an indication 

of the presence of a major malformation 

and may also provide critical clues to the 

diagnosis. The risk of having a major mal- 

formation increases with the number of 

associated minor malformations. It is es- 

timated that infants with three or more 
minor defects have a 20-90% risk of 

a major malformation; those with two mi- 

nor defects have 7-11% risk; those with 

one minor defect have a 34% risk com- 

pared to infants with no minor malforma- 

tions who have a 1-2% risk of a major 

malformation.*? Some of this variability 

in risk is probably related to variability in 

definition, documentation, and validity of 

minor malformation diagnoses in different 
studies. 

E. Etiological classification of birth defects. 

In order to achieve consistency among vari- 

ous studies, a new hierarchical system of 

classification was proposed recently.*4 This 

new classification system divides all congeni- 

tal malformations into the following eight cat- 

egories based on etiology: (1) Chromosome 

(C): for microscopically visible, unbalanced 

chromosome abnormalities such as Trisomies; 

(2) Microdeletion (MD): for all submicro- 

scopic chromosome abnormalities including 

microdeletions, uniparental disomy, and im- 

printing mutations such as 22q11 deletion 

(DiGeorge syndrome) and 15q11 dele- 

tion (Prader-Willi or Angelman syndrome); 

(3) Teratogen (T): for known teratogens and 

prenatal infections such as fetal alcohol syn- 

drome and congenital cytomegalovirus 

(CMV) infection; (4) New dominant (ND): 

for new dominant mutations such as achon- 

droplasia, Apert syndrome; (5) Familial (): 

for familial disorders not included as a new 

dominant such as tuberous sclerosis, fragile 

X syndrome; (6) Syndrome (S): for recog- 

nized nonfamilial, nonchromosomal syn- 

dromes such as Kabuki syndrome; (7) Isolated 

(I): for isolated anomalies not included in 

one of the above categories such as gas- 

troschisis, isolated cleft lip; and (8) Multiple 

(M): for unrelated anomalies from more than 

one system with no unifying diagnosis such 

as VACTERL and MURCS. This classification 

system would allow cases to be classified to 

one category only, the highest in the list of 

categories applicable. 

In summary, congenital anomalies are an 

important cause of morbidity and mortality both 

in the perinatal period and later in life, and de- 

spite a considerable decline in the prevalence 

of some types of congenital malformations, 

around 2-—3% of all births are still associated 

with a major congenital malformation. A better 

understanding of the etiology and pathogenesis 

of these defects has led to several prevention 

strategies over the years. Rubella immunization 

and avoidance of teratogenic drugs in women of 

reproductive age, use of folic acid supple- 

mentation and maintenance of euglycemia in 

diabetic patients during the periconception 
period, premarital and preconception genetic 
counseling to couples at risk of certain genetic 
disorders, and screening for Down syndrome 
in presence of advanced maternal age are a few 



examples of very effective and successful strate- 
gies to prevent congenital malformations in 
a newborn. 

10. 

oe 
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CHAPTER 2 

Assessment of an Infant with 
a Congenital Malformation 

BARBARA K. BURTON 

> INTRODUCTION 

The primary goals of the assessment of the in- 

fant with a congenital anomaly or anomalies are 

to establish a diagnosis, identify any associated 

abnormalities, develop a treatment plan and as- 

sess prognosis, if possible, so that parents can 

be provided with accurate information regard- 

ing their child’s future health and development 

and with genetic counseling that is essential to 

their future family planning. Critical components 

of the assessment include the history and phys- 

ical examination, use of appropriate references, 

and selective use of genetic testing. 

> HISTORY 

A detailed prenatal history is critical in the eval- 

uation of any infant with congenital malforma- 

tions. Was there a history of any maternal illness 

such as diabetes mellitus that increases the risk 

of birth defects? Exposure to prescription med- 

ications, illicit drugs, and alcohol should be ex- 

plored. The age of the parents may be of signif- 

icance. Advanced maternal age may increase the 

index of suspicion for a chromosome anomaly 

or a disorder resulting from maternal uniparental 

13 

disomy such as Prader-Willi syndrome. If ad- 

vanced maternal age is a factor, it is important 

to determine if genetic testing was performed 

prenatally by amniocentesis or chorionic villus 

sampling. In any pregnancy, an inquiry should 

be made as to whether genetic testing was per- 

formed for any other reason, such as increased 

risk for chromosome anomalies or neural tube 

defects on maternal serum screening. If oligo- 

hydramnios or polyhydramnios was present 

during pregnancy, this may be an important 

finding. Oligohydramnios can be the explana- 

tion for fetal deformations associated with in- 

trauterine constraint or may suggest the pres- 

ence of urinary tract malformations. In contrast, 

polyhydramnios may be a clue to underlying 

neurologic deficits with impaired swallowing or 

to gastrointestinal malformations such as in- 

testinal atresias. The birth presentation is signif- 

icant in that breech presentation is more likely 

to be associated with neurologic impairment in 

the infant with inability to achieve a normal 

cephalic presentation. 

The family history is of obvious significance 

in evaluating an infant with congenital anom- 

alies. Attention should be paid not only to other 

family members with similar anomalies but to 

a history of previous pregnancy losses which 
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could suggest the possibility of a chromosome 

abnormality in the family and to any history of 

consanguinity which would suggest the possi- 

bility of an autosomal recessive disorder. Minor 

dysmorphic features or unusual characteristics 

can at times represent benign familial charac- 

teristics so examination of the parents for such 

features, or simply asking the parents about 

these findings, can be helpful in sorting out their 

significance. Some caution should be used in 

assuming the fact that a dysmorphic infant re- 

sembles a parent is always reassuring, since 

many dysmorphic syndromes are dominantly 

inherited and a parent may be unaware that he 

or she is affected. A classic example of this is 

Noonan syndrome. An undiagnosed parent may 

be short with a broad neck and low set ears but 

no significant medical problems, yet can give 

birth to a child with much more serious con- 

cerns such as hypertrophic cardiomyopathy. 

> PHYSICAL EXAMINATION 

In an infant who is noted to have a congenital 

malformation, either major or minor, a detailed 

physical examination is critical to determine if 

there are additional anomalies. The significance 

of multiple malformations is clearly different 

from that of a single isolated malformation. The 

examination should begin with careful mea- 

surements of length, weight, and head circum- 

ference since findings of intrauterine growth re- 

tardation TUGR), microcephaly, or macrocephaly 

could be of great significance. Efforts should be 

made to systematically assess facial features and 

all other organ systems. If dysmorphic features 

are noted, they should be described as precisely 

as possible. In circumstances in which struc- 

tures appear abnormally large or small, graphs 

or charts representing a compilation of normative 

data are often available against which individual 

measurements can be compared’? so obtaining 

measurements may be desirable. 

Special mention should be made of the sig- 

nificance of minor anomalies, usually defined as 

dysmorphic features or unusual findings of mini- 

mal or no functional or cosmetic significance. Ex- 

amples of minor anomalies are seen in Figs. 2-1 

to 2-5. A single minor anomaly is found in ap- 

proximately 14% of all newborns and is not asso- 

ciated with an increased risk of associated major 

Figure 2-1. Inner epicanthal folds, in this case in a patient with Down syndrome. 
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Figure 2-2. Brushfield spots, seen in 20% 

of normal newborns but 80% of newborns 
with Down syndrome. 

malformations.* Three or more minor anomalies 

are found in only 0.5% of newborns, however,‘ 

and in various series are associated with a risk of 

major malformations between 19.6% and 90%.*° 
Therefore, any infant with three or more minor 

anomalies should be carefully assessed for major 

malformations, using techniques such as echocar- 

diography and abdominal ultrasound, since many 

Figure 2-3. Minor anomalies of the hand 
typical of Down syndrome including a simian 

crease and clinodactyly of the fifth finger. 

A unilateral simian crease is found in 4% of 

normal newborns with a bilateral simian 

crease in 1%. 

Figure 2-4. Preauricular pit, a minor anomaly 

that is commonly familial. (Used with permission 
from Carl Kuschel, MD) 

such malformations cannot be appreciated by 

physical examination alone. 

The presence of certain anomalies in an in- 

fant should always trigger an assessment for 

other specific congenital anomalies. For exam- 

ple, an infant with two or more of the findings 
associated with the VACTERL association should 

be assessed for all of the other components of 

this association using techniques such as echocar- 

diography, renal ultrasonography, and vertebral 

Figure 2-5. Sacral dimple, in this case above 

the gluteal fold and accompanied by cutaneous 

hyperpigmentation. (Used with permission from 

Carl Kuschel, MD) 
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radiographs. Similarly, an infant with choanal 

atresia and an ocular coloboma should be as- 

sessed for other components of CHARGE syn- 

drome such as cardiac defects or hearing loss. 

Numerous similar examples could be cited and 

are discussed in individual chapters of the book 

in the discussion of individual malformations. 

> LABORATORY EVALUATION 

Cytogenetic Testing 

Cytogenetic testing is indicated in any infant 

with multiple congenital anomalies suggestive 

of a specific chromosomal abnormality or in an 

infant with multiple abnormalities or neurologic 

dysfunction of undetermined etiology. Chromo- 

some analysis is typically performed on periph- 

eral blood but can also be performed on cul- 

tured skin fibroblasts or on bone marrow. In 

rare circumstances, there may be an indication 

to analyze more than one tissue to rule out chro- 

mosomal mosaicism. Certain chromosomal ab- 
normalities, such as tetrasomy 12p associated 

with the Pallister-Killian syndrome, may fre- 

quently escape detection in peripheral blood. 

Therefore, infants with clinical findings sugges- 

tive of this disorder who have a normal periph- 

eral blood karyotype should be studied with 

chromosome analysis in cultured skin fibrob- 

lasts. The same is true for infants with congeni- 

tal anomalies accompanied by linear or whorled 

hyper- or hypopigmentation of the skin, a find- 

ing referred to in the literature by a variety of 

terms including hypomelanosis of Ito and pig- 

mentary mosaicism. Infants with these findings 

typically have chromosomal mosaicism which is 

often detected only in skin. 

If conventional cytogenetic analysis fails to 

reveal an abnormality in an infant suspected of 

having a chromosomal abnormality, microarray 

analysis, also referred to as comparative ge- 

nomic hybridization, can be considered. This 

microchip technique utilizes hundreds of DNA 

probes for the subtelomeric regions of all 

23 pairs of chromosomes and other loci scat- 

tered along the lengths of the chromosomes to 

detect submicroscopic deletions and duplica- 

tions as small as 80-100 kb in size. If a specific 

submicroscopic chromosome deletion syn- 

drome is suspected, such as the 22q11 deletion 

syndrome or Williams syndrome, a specific FISH 

(fluorescence in-situ hybridization) test for that 

individual disorder can be ordered. In that case, 

a single fluorescently labeled DNA probe for 

a specific chromosomal locus is utilized to deter- 

mine the presence of that region on each of two 

paired chromosomes (Figs. 2-6 and 2-7). 

Molecular Testing 

Molecular testing to define specific mutations in 

individual genes is being used with increasing 

frequency to diagnose multiple malformation 

syndromes. When using molecular testing as 

a diagnostic tool, however, it is essential to un- 

derstand its limitations. In many cases in which 

one or more genes have been linked to a par- 

ticular disorder, mutations are not detected in 

100% of cases. Indeed, the detection rate can be 

significantly lower than this. Therefore, although 

positive test results may confirm a diagnosis, the 

converse is often not the case. One disorder for 

which molecular testing is often helpful is Noo- 

nan syndrome, which may present in the new- 

born with many diverse signs and symptoms in- 

cluding hydrops fetalis, thrombocytopenia, 

dysmorphic facial features, pulmonic stenosis, 

hypertrophic cardiomyopathy, or any combina- 

tion of these. Approximately 50% of affected in- 

dividuals have a mutation in the gene PTPN11° 

while a smaller percentage of patients have a 

mutation in either KRAS or SOS1.’ A significant 
percentage of patients do not have a detectable 

mutation in either of these genes, so negative 

molecular testing does not rule out the diagnosis. 

Another disorder for which molecular testing is 
helpful is CHARGE syndrome, recently found to 
be associated with mutations in the CHD7 gene 
in 58-71% of patients with this disorder.®? 
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Figure 2-6. FISH (fluorescence in-situ hybridization) testing for the 22q11 syndrome. Negative 
test results showing a positive signal for the 22q11 probe and the control probe on both copies 
of the #22 chromosome. 

Figure 2-7. FISH (fluorescence in-situ hybridization) testing for the 22q11 syndrome. Positive 

test results showing a positive signal for the 22q11 probe and the control probe on one #22 

chromosome but only a signal for the control probe on the other #22 chromosome. 
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In patients with several of the cardinal features 

of the disorder, identification of a CHD7 muta- 

tion provides a definitive diagnosis and allows 

for appropriate anticipatory guidance and ge- 

netic counseling to families that would be much 

more difficult otherwise. 

Biochemical Testing 

Biochemical testing may be helpful in evaluating 

infants with specific malformations or patterns of 

malformations but, like molecular testing, needs 

to be targeted to a specific diagnosis. There are 

a few inherited metabolic disorders that produce 

malformations in multiple organ systems as a 

result of far-reaching metabolic effects on early 

fetal development. An excellent example of this 

is the Smith-Lemli-Opitz syndrome which repre- 

sents a defect in cholesterol biosynthesis and is 

associated with low levels of total serum choles- 
terol and marked elevations of the cholesterol 

precursor 7-dehydrocholesterol. In its severe 

form, this disorder is associated with dysmorphic 

facial features, cleft palate, syndactyly, poly- 

dactyly, genital anomalies, and mental retarda- 

tion. Another example is Zellweger syndrome, 

associated with multiple peroxisomal enzyme 

deficiencies as a result of a defect in peroxisomal 

assembly. Patients with this disorder have a char- 

acteristic pattern of multiple minor dysmorphic 

features including a large fontanel, tall forehead, 

epicanthal folds, Brushfield spots, anteverted 

nares, excess skin folds on the nape of the neck, 

simian creases, and camptodactyly. Cardiac sep- 

tal defects may be present and there is always 

profound hypotonia. Because many of the find- 

ings superficially resemble those seen in Down 

syndrome, the latter disorder may be initially con- 

sidered. Other inborn errors of metabolism that 

are more typically associated with a “metabolic 

presentation” are known to be linked to specific 

congenital malformations, reflecting the effect of 

the metabolic derangement in utero. An example 
of this is the fact that approximately 40% of infants 

with nonketotic hyperglycinemia, who typically 

present with a neonatal encephalopathy, are also 

found to have agenesis of the corpus callosum. 

Infants with pyruvate dehydrogenase or other 

disorders associated with congenital lactic acido- 

sis often have dysmorphic facial features resem- 

bling those observed in association with fetal al- 

cohol syndrome. Patients with the severe form of 

glutaric aciduria type II, while presenting with 

severe metabolic acidosis, hypoglycemia, and 

hyperammonemia, also often exhibit dysmorphic 

features including hypospadias, cystic kidneys, 

and abnormal facial features. The setting of hy- 

drops fetalis is another circumstance in which 

biochemical testing can be helpful. While there 

are many nongenetic causes of hydrops, the dif- 

ferential diagnosis of nonimmune hydrops in- 

cludes both multiple malformation syndromes 

such as chromosomal abnormalities and Noonan 

syndrome and storage disorders such as infantile 

Gaucher disease, congenital disorders of glyco- 

sylation, GM1 gangliosidosis, sialidosis, and mu- 

colipidosis II (-cell disease), among others. 

Follow-up 

In some cases in which an infant is identified as 
having multiple congenital malformations, a spe- 

cific diagnosis cannot be established in the im- 

mediate neonatal period despite appropriate clin- 

ical evaluation and testing. In these cases, follow-up 

should be arranged with a clinical geneticist. It 

may be possible to establish a diagnosis at a later 

time as more information comes to light through 

followup of the infant’s growth and development 

and medical progress. The appearance of a nor- 

mal child changes very significantly over time and 

the same is true of the dysmorphic features asso- 

ciated with many malformation syndromes. A di- 

agnosis that was not recognizable in a newborn 

may become apparent in an older infant or tod- 

dler. Follow-up is equally important for children 

with an established diagnosis of a genetic disor- 
der or birth defect syndrome since there are often 
associated medical concerns for which periodic 
surveillance is important. For some disorders, 
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specific health supervision guidelines have been 

published by the American Academy of Pediatrics 

or various disease-specific organizations and can 

be helpful in patient management. 
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CELAP EER'3 

Genetic Counseling: Principles 
and Practices 

KATHERINE H. Km 

Genetic counseling is the process of educating 

patients and family members on the natural 

history, management, inheritance, and risk of 

genetic conditions. It is an integral part in the 

delivery of clinical genetic services. The goal of 

genetic counseling is to help patients and fam- 

ily members understand and cope with the im- 

plications of a genetic diagnosis so that they 

can make informed medical and personal 

decisions. 

> DEFINITION 

In 1975, The American Society of Human Genet- 

ics (ASHG) adapted a definition of genetic coun- 

seling, which has essentially held true through 

the quickly evolving field of genetic medicine. 

Genetic counseling is a communication process 

which deals with the human problems associ- 

ated with the occurrence or risk of occurrence 

of a genetic disorder in a family. This process 

involves an attempt by one or more appropri- 

ately trained persons to help the individual or 

family to: (1) comprehend the medical facts 

including the diagnosis, probable course or 

the disorder, and the available management, 

(2) appreciate the way heredity contributes to the 

disorder and the risk of recurrence in specified 
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relatives, (3) understand the alternative for 

dealing with the risk of recurrence, (4) choose 

a course of action which seems to them ap- 

propriate in view of their risk, their family goals, 

and their ethical and religious standards and 

act in accordance with that decision, and (5) to 

make the best possible adjustment to the dis- 

order in an affected family member and/or to 

the risk of recurrence of that disorder.' 

This definition illustrates the complexity of 

this process and some of the deviations from the 

traditional delivery of medicine. The need for 

this process has also resulted in the creation of a 

unique healthcare profession in which individu- 

als are specifically trained as genetic counselors 

to work along with physicians in the delivery of 

genetic health services. 
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> PRINCIPLES AND PRACTICES 

The educational goal of genetic counseling is to 

communicate the complex genetic information to 

the patient and family members using a language 

that is familiar and understandable. A typical edu- 

cational session includes (1) discussing the test 

results and how the diagnosis was established; 

(2) reviewing the natural history of the disorder 

and the likely prognosis; (3) addressing the med- 

ical management and treatment options, including 

possible research and experimental opportunities, 

(4) discussing the inheritance of the disorder, risk 

of recurrence and potential risks for relevant 

family members; and (5) exploring the repro- 

duction options, including the availability of 

prenatal diagnosis and preimplantation genetic 

diagnosis. Most geneticists and genetic coun- 

selors believe that all relevant information 

should be disclosed to the patient.” This is based 

on the belief that patients and family members 

should have autonomy in making medical de- 

cisions, especially in relation to reproductive 

options and uptake of prenatal testing. The in- 

formation is also conveyed in a manner that is 

sensitive to the patient’s cultural and religious 

beliefs. 

In genetic counseling, discussing the inheri- 

tance of genetic conditions and assessing risk 

often expands beyond the affected person. 

A genetic diagnosis in one person can imply 

risks for other family members, and practitioners 
often make recommendations for genetic test- 

ing and screening of relevant family members 

based on a patient’s diagnosis. This can some- 

times be challenging since the information has 

to be communicated without violating the indi- 

vidual’s right to privacy. The patient may greatly 

benefit from the practitioner’s guidance and 

help in communicating relevant genetic infor- 
mation to family members at risk. 

The third and fourth aspects of the ASHG 

definition focus on the reproductive implica- 
tions and options for patients and families. These 

principles exemplify the primary difference 

between genetic counseling and the traditional 

delivery of medicine.’ Geneticists and genetic 

counselors present information in a nondirec- 

tive manner so that the patient has autonomy in 

making reproductive decisions. In contrast to 

the traditional method of practitioners making 

recommendations, genetic counseling focuses 

on communicating the relevant information re- 

garding reproductive options and facilitating 

the decision-making process. It is however, im- 

possible and sometimes counterproductive to 

be completely nondirective and facilitating the 

decision-making process sometimes involves 

guidance from the practitioner. 

Lastly, the principles of genetic counseling 

are not just to educate patients and family 

members but to help them cope with the im- 

plications of a genetic diagnosis. Helping pa- 

tients and family members accept and cope 

with a genetic condition involves understanding 

the patient’s cultural and religious beliefs and 

educational and socioeconomic background” 

and communicating in a manner that is sen- 

sitive to the person’s experiences and beliefs. 

The practitioner can provide resources and 

referrals to support groups and empower indi- 

viduals to make their own medical decisions to 

help patients successfully cope with their ge- 

netic disorder. Conveying empathy and ac- 

knowledgement of the patient’s experience and 

feelings can have a positive impact on the patient’s 

ability to cope. 

> MODES OF INHERITANCE AND 
ASSESSMENT OF RISK 

Genetic disorders, excluding chromosome anom- 

alies, can be characterized into three main cate- 

gories, single gene (mendelian), mitochondrial, 

and complex conditions. Once a genetic diag- 

nosis is established, counseling the patient and 
families on the risks of a genetic disorder are 
dependent on the category and known mode of 
inheritance of the condition. The risk can also 
be modified by the penetrance and expressivity 
of the condition. 
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Single Gene Disorders 

Humans have approximately 20,000-25,000 coding 

genes. Over 10,100 genes with a known sequence 

have been identified at the time this chapter was 

_ written according to the Online Mendelian Inher- 

itance in Man (OMIM). Only a small percentage of 

identified genes have a recognized disease phe- 

notype associated with mutations in these genes. 

For many genetic conditions in which the causative 

gene has not yet been identified, the mode of in- 

heritance is based on pattern of occurrence of the 

disorder in affected families. Single gene disorders 

are typically classified as either autosomal or sex- 

linked and dominant or recessive.* 

Autosomal Dominant Inheritance 
An autosomal dominant disorder is a condition 

in which the disease state is expressed when a 

mutation is present in one copy of the gene 

pair. The condition can equally affect both males 

and females and can be transmitted from parent 

to child. A typical pedigree (Fig. 3-1) of a fam- 

ily with achondroplasia, a common autosomal 

Figure 3-1. A typical pedigree of an autoso- 

mal dominant condition. 

Pedigree symbols: s male, o female, = affected 

male, e affected female 

dominant disorder caused by mutations in the 

fibroblast growth factor receptor 3 (FGFR3) 

gene, reveals multiple affected individuals pre- 

sent in multiple generations with expression 

and transmission of the condition independent 

of the sex of the individual. The risk that an af- 

fected individual can have a child with the same 

disorder is 50% with each pregnancy. 

In some autosomal dominant conditions, if 

an individual has mutations in both gene copies 

for the disorder, the phenotype is more severe. 

In achondroplasia, if both parents have the con- 

dition, there is a 25% risk with each pregnancy 

that the infant will inherit FGFR3 mutations from 

both parents. Infants with two achondroplasia 

gene mutations have a perinatal lethal pheno- 

type similar to what is observed in thanatophoric 

dysplasia and die shortly after birth due to res- 

piratory insufficiency. 

In the majority of autosomal dominant con- 

ditions, unaffected parents of a child with a de 

novo autosomal dominant condition will rarely 

have a second affected child. The risk of recur- 

rence is generally estimated at <1%. In some au- 

tosomal dominant disorders, however, the risk of 

recurrence can be increased due to observance 

of germline mosaicism. Germline mosaicism is 

defined as an individual having the presence of 

two of more genetically different types of 

germline cells, resulting from mutation during 

the proliferation and differentiation of the 

germline.* Therefore, recurrence of an autoso- 

mal dominant disorder to unaffected parents is 

observed because one parent is producing germ 

cells that carry the gene mutation for the disor- 

der. Osteogenesis imperfecta (OD type II, a peri- 

natal lethal form of a group of autosomal domi- 

nant type I collagen disorders, is one of the first 

disorders in which the occurrence of germline 

mosaicism was demonstrated. The estimated risk 

of recurrence for OI type II for a couple with one 

affected child is approximately 6%.” 

Autosomal Recessive Inheritance 

Autosomal recessive disorders are defined as 

conditions in which the disease state is expressed 
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when mutations are present in both copies of 

the gene. An individual with an autosomal re- 

cessive disorder generally inherits a gene muta- 

tion from each parent. The parents are referred 

to as being carriers for the condition, having 

one gene copy with a disease causing mutation 

and one unaltered gene copy. For the majority 

of autosomal recessive conditions, carriers do 

not manifest features of the condition. In a typi- 

cal pedigree (Fig. 3-2) for an autosomal recessive 

disorder like cystic fibrosis, males and females 

are equally affected and there is generally no 

direct parent to child transmission of the disor- 

der. For the majority of autosomal recessive dis- 

orders, population screening is not available 

and the presence of carriers goes unrecognized 

Sw ~ 

in the family until the first affected child is 

born. With each pregnancy, carrier couples have 

a 25% risk of having an affected child, 50% risk of 

having a child who is a carrier, and a 25% risk 

of having a child who is not a carrier and not 

affected with the disorder. 

Parents who are consanguineous have an 

increased risk of having a child with an autoso- 

mal recessive disorder and first cousin unions 

have an overall 1.7—2.8% increased risk above 

the general population risk to have a child with 

a major congenital anomaly.° Genetic screening 

recommendations for consanguineous unions 

include: (1) detailed family history, (2) carrier 

screening for appropriate genetic disorders based 

on the couple’s ethnicity, (3) high-resolution fetal 

4 ‘Q 

fe) a 

Figure 3-2. A typical pedigree of an autosomal recessive condition. 
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ultrasound in the second trimester, (4) expanded 
newborn screen by tandem mass spectrometry 
for metabolic disorders, and (5) newborn screen- 
ing for hearing.® 

Sex-Linked Conditions 
Disorders that involve mutations in genes lo- 
cated on the X sex chromosome are referred to 

as X-linked disorders. They can be either dom- 

inant or recessive. Pedigrees of families with 

X-linked conditions can be distinguished from 

autosomal dominant or recessive conditions be- 

cause transmission of the condition differs be- 

tween males and females. Because normal males 

have one copy of the X chromosome and females 

have two copies, females undergo inactivation 

of one of their X chromosomes to maintain equal 

gene dosage between the sexes. The principle of 

X inactivation is referred to as the Lyon hypoth- 

esis. Inactivation of one of the X sex chromo- 

somes occurs early in embryogenesis, generally 

randomly determined, and permanent, with all 

subsequent cells derived from the original cell 

having the same X sex chromosome inactivated. 
There are areas of the X sex chromosome, how- 

ever, that never become inactivated, and these 

segments are referred to as pseudoautosomal 
regions. 

Only a few disorders are inherited in an 

X-linked dominant pattern. In disorders like 
X-linked hypophosphatemic rickets, both males 

and females express the disease state if a gene 

mutation is present. The risk of transmitting the 

disorder, however, differs based on the sex of 

the individual (Fig. 3-3). Affected males cannot 

transmit the condition to their sons but all of 

their daughters will be affected. Affected females 

have a 50% risk with each pregnancy of having 

an affected child, regardless of whether the 

child is male or female. In conditions like in- 

continentia pigmenti type 2 and X-linked chon- 

drodysplasia punctata, the condition is generally 

considered lethal in males and therefore, only 

affected females may be observed in the family 

(Fig. 3-4). With each pregnancy, affected females 

have a 25% risk of having an affected daughter, 

Figure 3-3. A typical pedigree of an X-linked 

dominant condition. 

25% risk of having an unaffected daughter, 25% 

risk of having an unaffected son, and 25% risk 

of having an affected son. The affected male in- 

fant may be miscarried, stillborn, or expire shortly 

after birth. 

In X-linked recessive disorders, males who 

have a gene mutation express the disease state 

but females who have one gene mutation are 

generally carriers and may not manifest fea- 

tures of the disorder. Females who have muta- 

tions in both gene copies will be affected. The 

Figure 3-4. A typical pedigree of an X-linked 

lethal dominant condition. 
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Figure 3-5. A typical pedigree of an X-linked recessive condition. 

pedigree (Fig. 3-5) for typical X-linked reces- 

sive disorders, such as Duchenne or Becker 

muscular dystrophy (DMD/BMD) or ornithine 

transcarbamylase (OTC) deficiency, can be read- 

ily recognized based on the presence of no male 

to male transmission of the disorder and typically 

only males are affected in the family. With each 

pregnancy, female carriers have a 25% risk of 

having an affected son, 25% risk of having an un- 

affected son, 25% risk of having a daughter who 

is a carrier, and a 25% risk of having a daughter 

who is not a carrier. For affected males, all their 

daughters will be carriers and a gene copy is 

generally not transmitted to their sons. 

In some conditions, female carriers of X-linked 

recessive disorders can exhibit features of the 

condition. This is generally felt to be due to 

skewed X inactivation, with the X chromosome 

that has the normal gene copy inactivated in 

more tissues than the X chromosome with the 

gene mutation. In conditions such as Fabry dis- 

ease, there is a high number of manifesting car- 

rier females who have severe enough symptoms 

to require enzyme replacement therapy. In fragile 

X syndrome, women who are carriers can exhibit 

learning disabilities, social immaturity, and pre- 

mature ovarian failure. 

Disorders that are due to genes located on 

the Y sex chromosome are rare. At the time this 

chapter was written, only two disorders with 

known genes on the Y chromosome and four 

disorders suspected of Y-linked inheritance 

were reported on the OMIM. A Y-linked disor- 

der will be readily recognized since only males 

will be affected and the condition can only be 

transmitted from father to son (Fig. 3-6). 

For conditions that are due to mutations in 

genes in the pseudoautosomal regions of X and 

Y, the pattern of inheritance will be similar to 

that observed on autosomal disorders. 

Mitochondrial Disorders 

The mitochondria are unique organelles in the 

human cell because it has its own genome and a 
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Figure 3-6. A typical pedigree of a Y-linked 
condition. 

single cell generally has >1000 copies of the mito- 

chondrial genome dispersed in >100 mitochondria. 

The mitochondrial genome is a circular chromo- 

some approximately 165 kb in size and contains 

37 genes.* The encoded proteins are involved in 

oxidative phosphorylation. The majority of pro- 

teins required for normal mitochondrial function, 

however, are encoded in the nuclear DNA and 

therefore, mitochondrial disorders are also asso- 

ciated with mendelian inheritance. 

Mitochondrial DNA (mtDNA) disorders are 

unique in that they are associated with maternal 

inheritance only. A mature oocyte is felt to have 

>100,000 copies of the mitochondrial genome 

while sperm contain very few. A child, there- 

fore, inherits the mitochondrial genome from 

the mother and not from the father. Mutations 

and deletions in the mitochondrial DNA have 

been identified to cause several disorders, such 

as mitochondrial encephalopathy and ragged red 

fibers (MERRF) and mitochondrial encephalopa- 

thy, lactic acidosis, and stroke-like episodes 

(MELAS). A typical pedigree (Fig. 3-7) is char- 

acterized by the presence of both affected males 

and females but no transmission of the disorder 

Figure 3-7. A typical pedigree of an mtDNA 

disorder. 

through affected males. The number of mito- 

chondrial genome copies with a mutation can 

vary in a given somatic cell or mature oocyte. 

Most cells contain a mixture of both normal and 

mutated mtDNA. The severity in manifestations 

of the disorder is felt to be due to the percent- 

age of mutated mtDNA to normal mtDNA in 

various tissues.‘ Therefore, an affected mother 

has up to 100% risk of passing on the condition 

to her child. 

Complex Disorders 

Disorders in which a combination of genetic and 

environmental factors is involved in the manifes- 

tation of the disease state are referred to as com- 

plex or multifactorial disorders. Multifactorial 

disorders, such as isolated congenital heart defects, 

isolated cleft lip and/or palate, diabetes mellitus, 

and hypertension, can be observed to aggregate 

in a family but not follow a clear mendelian mode 

of inheritance. The genes underlying the complex 

disorder are transmitted following the mendelian 

principles but the disease state occurs when the 
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combination of predisposing gene mutations and 

other environmental factors are present or en- 

countered.* Risks for these disorders are gener- 

ally based on empiric data and depend upon the 

given population, number of affected family 

members, and the degree of relationship to the 

affected family members. The risk increases if the 

number, of affected family members increases, 

if the manifestation of the disorder is more se- 

vere and if the affected member is of the less 

commonly affected sex. The empiric risks will 

vary based on the specific disorder, but for many 

complex disorders a couple who has had one 

affected child has a 2-6% risk of recurrence in 

another pregnancy. 

Penetrance and Expressivity 

Risks for genetic disorders can be modified by 

penetrance or expressivity. Penetrance is de- 

fined as the proportion of individuals with a gene 

mutation for a known condition that manifest 

any features of the disorder. If some individuals 

with a gene mutation have no clinical features 

of the disorder, the disorder is stated to have re- 

duced penetrance. If all individuals who have 

the gene mutation manifest features of the con- 

dition, the condition is stated to have full pene- 

trance. Reduced penetrance can therefore alter 

the risks that a person manifests features of the 

condition, but the risks of transmitting the gene 

mutation do not vary from the principles of 

mendelian inheritance and segregation of genes. 

Expressivity is defined as the extent to which an 

individual manifests features of the disorder. 
Thus, expressivity describes the variability and 

level of severity of the disorder in a given af- 
fected person. 

Estimation of Risk When a Specific 
Diagnosis Is Unknown 

One of the most challenging aspects of genetic 

counseling is discussing recurrence risks with 

parents when a specific diagnosis for their 

child’s findings is not evident. The risk of re- 

currence is then estimated based on the clinical 

presentation, known family history, and exclu- 

sion of possible etiologies, such as chromosome 

anomalies. In general, for a couple who has had 

one affected child, a negative family history of 

similar findings, and no known consanguinity, 

the risk of recurrence is estimated at a range of 

<1% up to 25%. This range would account for the 

possibility that the condition is associated with 

de novo autosomal dominant, autosomal reces- 

sive or multifactorial inheritance. If consanguin- 

ity is known, the parents are generally quoted a 

recurrence risk of 25% due to the increased prob- 

ability of shared alleles in-consanguineous 

unions. If more than one affected family member 

is known, the risk should be determined on the 

most likely mode of inheritance that would ex- 

plain the pattern of affected family members. For 

example, if only males are observed affected in 

the family, and women are the connecting mem- 

bers between the affected male relatives; the 

most likely possibility is an X-linked recessive 

pattern of inheritance. If the parents have had 

at least two affected children, the most likely 

mode of inheritance is autosomal recessive and 

the couple should be quoted a 25% risk of re- 

currence. Parents should always be counseled 

that this is an estimated risk and that the exact 

risk of recurrence is unknown without a spe- 

cific diagnosis and known mode of inheritance 

associated with the disorder. 

> GENETIC SCREENING AND 
PRENATAL DIAGNOSIS 

Carrier Screening 

The prevalence of some genetic disorders varies 
by ethnic group and populations due to factors 
such as the founder effect and genetic drift. Cur- 
rent practices of standard care recommend 
screening for carrier status of certain genetic 
disorders given a person’s ethnicity. Due to the 
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heterogeneity of the population in the United 
States, it can be difficult to assess the exact risk 
for couples who have diverse ethnic back- 
grounds. The counseling is further complicated 
by a decrease in the test’s detection rate with 
heterogeneity of one’s ethnic background. Ob- 

taining the patient’s ethnicity, however, is an es- 

sential element of obtaining the family history, 

and appropriate carrier screening should then 

be offered to individuals preconceptionally or 

as early as possible in pregnancy. 
Several genetic disorders are known to occur 

with higher frequency in the Ashkenazi (Eastern 

European) Jewish population. Highly reliable 

testing for detection of carriers is now available 

for 12 disorders (Table 3-1). All the conditions 
are inherited in an autosomal recessive pattern. 

There is no clear consensus on recommenda- 

tions for screening. Currently, the American 

College of Obstetrics and Gynecology (ACOG) 

recommends carrier screening for cystic fibrosis, 

familial dysautonomia, Tay-Sachs disease, and 

Canavan disease for couples of Ashkenazi Jew- 

ish descent. At least one member of the couple 

should be tested with appropriate screening of 

his or her partner if one person is a carrier for a 

condition. Ideally, both members of the couple 

should be tested prior to a pregnancy. In many 

large cities in the United States, preconception 

screening programs targeted toward individuals 

of reproductive age are available through Jewish 

community centers and medical institutions. Ide- 

ally, carrier status should be identified prior to 

pregnancy so that couples can receive appropri- 

ate genetic counseling in a timely manner to 

consider all options for prenatal diagnosis. 

Individuals of African, Chinese, Southeast 

Asian, Indian, Indonesian, Mediterranean, and 

Middle Eastern descent have a higher carrier fre- 

quency of sickle-cell disease and related hemo- 

globinopathies, a-thalassemia, and thalassemia. 

Individuals of Hispanic descent from countries 

that were highly populated by individuals from 

Africa also have a higher carrier frequency of 

these disorders. Approximately 1/12 African 

Americans are carriers for hemoglobin S trait, 

1/50 African Americans are carriers for hemo- 

globin C trait, and 1/65 African Americans are car- 

riers for Bthalassemia. Individuals of Southeast 

Asian descent have the highest carrier frequen- 

cies of a-thalassemia and Greek Americans have 

the highest carrier frequency for thalassemia. 

The best method of detecting carriers for sickle- 

cell disease and variants and thalassemia is by 

assessing the hemoglobin, MCV, and MCH levels 

and performing hemoglobin electrophoresis with 

a quantitative HbA2. The carrier status can be fur- 

ther confirmed by genetic testing. Detecting carri- 

ers for a-thalassemia can be more challenging 

since hemoglobin levels may not be decreased 

and the hemoglobin electrophoresis is generally 

normal for a-thalassemia carriers. The best 

method of carrier screening for a-thalassemia is 

by direct genetic testing. Individuals in the high- 

est risk ethnic populations, like Southeast Asian, 

or those with a positive family history should di- 

rectly be offered genetic testing to determine 

carrier status. Hemoglobinopathies and _ tha- 

lassemias are autosomal recessive disorders and 
prenatal diagnosis is available. 

Screening for Genetic Disorders in 

the Fetus 

Assessing risk for certain genetic conditions has 

become a routine aspect of prenatal care. These 

methods of screening are designed to adjust the 

person’s baseline risk and are not considered 

diagnostic tools. Positive screen results should 

lead to referrals for genetic counseling and con- 

sideration or prenatal diagnostic testing. 

Since the 1970s, maternal serum screening in 

the second trimester has been utilized as an ef- 

fective tool to assess risks for open neural tube 

defect (ONTD), Down syndrome, trisomy 18, and 

Turner syndrome. The traditional maternal serum 

screen (also referred to as the triple screen) in- 

volves assessment of maternal o-fetoprotein 

(AFP), human chorionic gonadotropin (hCG), 

and unconjugated estriol (uE3) between 15 and 

20 weeks gestation, with optimal time of screening 
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> TABLE 3-1 Genetic Disorders Common in the Ashkenazi Jewish Population 

Carrier Detection 

Disorder Clinical Features Frequency Rate 

Bloom A chromosome instability syndrome characterized 1/100 97-98% 

syndrome by small size, possible developmental delay 

and mental retardation, recurrent infections, 

and predisposition to cancers. One common 

mutation accounts for 97% of mutant alleles in 

the population. 
Canavan A progressive neurodegenerative disorder with 1/38 97% 

disease onset of symptoms at 3-6 months of age and 

death in the first decade of life. Significant 

demyelination of the brain seen on MRI. Three 

common mutations in the aspartoacylcase 

(ASA) gene present in the population. 

Cystic fibrosis A defect in the chloride ion channel resulting in 1/25 >95% 

progressive pulmonary disease, gastrointestinal 

dysfunction, pancreatic insufficiency, and 

infertility. 

Factor Xl A defect in plasma thromboplastin increasing risk 1/8—1/10 

deficiency for prolonged bleeding after surgery, dental 

extractions, and with menstrual periods. 

Spontaneous bleeding is rare. 

Familial A degenerative disorder of the sensory and 1/30 >95% 

dysautonomia autonomic systems characterized by absent 

deep tendon reflexes and fungiform papillae 

on the tongue, and alacrima. Two common 

mutations known. 

Fanconi anemia A genetically heterogenous condition due to 1/89 95% 
type C defects in DNA repair. One mutation in the 

FANCC gene is present in the Ashkenazi 

Jewish population. The condition is 

characterized by thrombocytopenia or 

leukopenia leading to bone marrow failure, 
congenital anomalies such as absent thumbs, 

and increased risk for malignancies. 
Gaucher Onset of symptoms is in children or 1/10 95% 

disease adults with hepatosplenomegaly, anemia, 

type | osteopenia, and severe bone crises. Type 1 has 

no neurological involvement, unlike types 2 

and 3, which are not increased in frequency 

in the Ashkenazi Jewish population. 
Mucolipidosis IV A neurodegenerative lysosomal storage disorder 1/100 95% 

with wide clinical severity. Two common 

mutations present in the population. 
ne a en on enc nee emma cn Oe 
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> TABLE 3-1 Genetic Disorders Common in the Ashkenazi Jewish Population (Continued) 

Carrier Detection 
Disorder Clinical Features Frequency Rate 

Niemann-Pick A heterogenous group of lysosomal storage 1/70 95% 
disease disorders associated with hepatosplenomegaly, 

neurological problems, and ocular anomalies. 
Three common mutations in type A and one 
common mutation in type B present in the 
population. : 

Nonclassical Mild form of the defect in cortisol synthesis which 1/3 95% 
adrenal results in overproduction of androgens. No 
hyperplasia effect on males. Females present in puberty 

with severe acne, excess facial and body hair, 
menstrual irregularities, and advanced bone age. 

Nonsyndromic Nonprogressive mild to profound sensorineural 1/20-1/25 >95% 

1/26—1/30 95% 

hearing loss hearing loss due to mutations in connexin-26. 

Two common mutations in this gene are 
present in the population. 

Tay-Sachs A progressive, neurodegenerative, lysosomal 

disease storage disorder due to accumulation of GM2 

gangliosides in the neurons. Death occurs by 

2-4 years of age. 

at 16-18 weeks gestation. The risk for ONTD is 
determined by the level of the AFP, and by us- 

ing a value of =2.0 MoM (multiples of the me- 

dian) as a positive test result, the serum screen 

has a >85% detection rate for ONTDs and a 1-2% 

false positive rate. All three serum markers are 

used to assess risks for Down syndrome, trisomy 

18, and Turner syndrome. By using a value of 

21/270 risk for a positive test result, the triple 

screen has a 60-65% detection rate for Down 
syndrome with a 5—6% false positive rate.’ In the 

late 1990s, inhibin A was added to the mater- 

nal serum screen panel in some laboratories to 

increase the detection rate for Down syndrome. 

The “Quad” screen has a detection rate of 81% 

for Down syndrome with a false positive rate 

of 5%.® 
The most recent advances in screening in- 

volve first trimester measurement of the fetal 

nuchal translucency for assessment of Down 

syndrome. Combined first trimester screening 

involves measuring the fetal nuchal translucency 

and assessing maternal pregnancy-associated 

plasma protein (PAPP-A) and free-B hCG levels 

between 11 and 13 weeks gestation to calculate 

a risk for Down syndrome. The first trimester 

screen does not assess risk for ONTDs or other 

trisomy disorders. The overall detection rate for 

Down syndrome is 87% at 11 weeks gestation, 

85% at 12 weeks gestation, and 82% at 13 weeks 

gestation, with a 5% false positive rate.® 
A fully integrated screen approach for as- 

sessing Down syndrome risk is also available. 

The integrated screen involves assessing an 

overall risk for Down syndrome by using the in- 

formation obtained from the combined first 

trimester screen and the second trimester quad 

serum screen. The woman will undergo the first 

trimester fetal nuchal translucency and serum 

screen and then undergo a second trimester 

quad serum screen at the appropriate times in 

pregnancy. A risk for Down syndrome will be 

provided to the woman in the second trimester 

after the information from the first trimester 



32 PART | GENERAL CONSIDERATIONS 

screen is incorporated with the information pro- 

vided by the second trimester screen to calcu- 

late one overall risk for Down syndrome. The 

integrated screen is reported to have a 96% de- 

tection rate for Down syndrome with a 5% false 

positive rate.° If a patient, however, has a signif- 

icantly increased risk based on the first trimester 

combined screen or observance of an increased 

nuchal translucency, she should be offered the 

option of chorionic villus sampling, instead of 

waiting for an amniocentesis in the second 

trimester. Studies have now shown that even 

with normal chromosome analysis, if a fetus has 

an increased nuchal translucency measurement 

of 3.5 mm in the first trimester, there is a signif- 

icant increased risk for other congenital anom- 

alies, such as cardiovascular defects, other single 

gene disorders such as Noonan syndrome, 

Smith-Lemli-Opitz syndrome, spinal muscular 

atrophy, and poor pregnancy outcome.” The 

risk increases exponentially with measurements 

above 3.5 mm. The majority of anomalies asso- 

ciated with an increased nuchal translucency 

can be detected by a fetal echocardiogram and 

detailed fetal ultrasound at 18-22 weeks gesta- 

tion. If these screens are normal and a chromo- 

some abnormality has been excluded, the risk 

for adverse outcome or developmental delay is 

not significantly increased.? However, a new- 

born infant with a history of an increased nuchal 

translucency in pregnancy should have a care- 

ful assessment for other possible single gene 

disorders. 

Methods of Prenatal Diagnosis 

Amniocentesis and chorionic villus sampling 

(CVS) are two methods of prenatal diagnosis 

that are being routinely offered to couples. Both 

methods can be used to detect chromosome ab- 
normalities and single gene disorders with equal 

sensitivity and accuracy of results (>99%). Chro- 

mosome analysis (Figs. 3-8 and 3-9) is generally 
performed on cultured amniocytes or villi with 

a 1.5-2 week turnaround time for results. In 

the majority of laboratories, fluorescence in 

situ hybridization (FISH) studies are performed 

on direct cells for a quick analysis of common 

aneuploidy disorders: trisomy 21, trisomy 18, 

trisomy 13, and sex chromosome conditions. The 

FISH results are typically available in 2-3 days. 

Amniocentesis has been available since the 

1970s for the detection of chromosome abnor- 

malities. Traditionally, ultrasound-guided amnio- 

centesis (Fig. 3-10) is performed after 15 weeks 

gestation and the risk of fetal loss is 0.5-1.0%. 

Various centers may quote a risk specific to their 

center's experience, but the national reported 

loss rate as recommended by the Centers for Dis- 

ease Control and Prevention is 0.5%. In addition 

to the standard chromosome analysis or testing 

for single gene disorders, a-fetoprotein can be 

measured in the amniotic fluid between 15 and 

22 weeks gestation to assess risk for ONTDs. 

This cannot be measured in CVS tissue. 

Early amniocentesis is performed between 

13 and 15 weeks gestation but associated with 

a higher risk of fetal loss and leakage of amni- 

otic fluid. A significant increased risk for talipes 

equinovarus (club foot) has also been observed 

with early amniocentesis, especially if leakage 

of amniotic fluid is present. Given these find- 

ings, the American College of Obstetricians and 

Gynecologists does not recommend early am- 

niocentesis as a method of prenatal diagnosis. 

Chorionic villus sampling (Fig. 3-11) has been 

readily available since the mid 1980s as a method 

of detecting chromosome abnormalities and sin- 

gle gene disorders in the fetus. The majority of 

cases are performed transcervically with the use 

of ultrasound guidance and a catheter between 

10 and 12 weeks gestation. If the placental villi 

cannot be obtained transcervically, a transab- 

dominal CVS can be performed using a needle. 

The WHO-sponsored registry'® monitoring the 
safety of CVS reported a fetal loss rate similar 
to that observed in early amniocentesis. Con- 
troversy remains regarding the risk of CVS- 
associated fetal anomalies such as limb reduction 
defects. In the 1990s, several centers reported 
a clustering of limb reduction defects in infants 
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Figure 3-8. 46,XY, anormal male karyotype. (Printed with permission from the Cytogenetics Lab- 
oratory at Children’s Memorial Hospital.) 

following CVS procedures. The WHO-sponsored 

registry’? on CVS safety reported no increased 

observance of fetal limb reduction defects and 

similar results were reported by several other mul- 

ticenter clinical trials.'’ Recently, one center has 

reported an increased risk of absence of the tip of 

the third finger associated with CVS.'* The risk of 
CVS-associated limb defects appears to be small 

but real and is estimated to be 1 in 3000. 
A potential complication of CVS that is the 

observance of mosaic chromosome results in ap- 

proximately 1% of CVS samples. In the majority 

of cases, the chromosome mosaicism is con- 

fined to the placenta and the fetus likely has 

normal chromosomes. The patient is generally 

offered amniocentesis to further assess the pos- 

sibility of a chromosome abnormality in the fe- 

tus. If the results are normal, the most likely out- 

come is for a normal infant. Couples, however, 

should be counseled that amniocentesis can 

never definitively rule out all levels of mosaicism 

and that a possible risk for adverse outcome ex- 

ists since the tissues that are present in amnio- 

cytes are limited. A newborn infant who has had 

a mosaic result on either CVS or amniocentesis 

should have blood chromosome analysis and 

examination for possible anomalies. 

Since the 1980s, fetal blood sampling or cor- 

docentesis has been an available method of 

prenatal diagnosis and a vehicle for fetal therapy. 
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Figure 3-9. A trisomy 21 karyotype, 47,XY +21. (Printed with permission from the Cytogenetics 

Laboratory at Children’s Memorial Hospital.) 

Fetal blood sampling is performed after 18 weeks 

gestation using ultrasound guidance to insert a 

needle into the umbilical vein or artery, gener- 

ally near the insertion of the cord into the pla- 

centa or fetus or directly into the fetal hepatic 

vein. Fetal blood sampling can be offered for 

rapid chromosome analysis, diagnosis of blood 

disorders when direct gene testing is not avail- 

able, and for fetal infections.'* Fetal blood sam- 
pling can also be used for treatments such as 

transfusion of blood components or direct de- 

livery of medications to the fetus. The risk of 

miscarriage is higher than CVS or amniocentesis 

and is estimated at 1-2%. 

With the technological advances in ultra- 

sound and magnetic resonance imaging (MRD), 

fetal ultrasound, fetal echocardiography, and fetal 

MRI are now readily available tools in the diag- 

nosis of structural abnormalities in the fetus. Ul- 

trasound has been used for decades to monitor 
fetal size and growth, movement, position, and 

amniotic fluid levels in pregnancy. With the ad- 

vances in technology, equipment, and skill of 

the sonographer, ultrasound has become the 

primary method of visualizing the fetal anatomy 

and detecting structural abnormalities in the fe- 

tus. The majority of the fetal anatomy can be 

well visualized by 18 weeks gestation and de- 

fects such as anencephaly can be visualized by 

14 weeks gestation. A detailed fetal anatomy 

screen is recommended for couples who have 

had a previous child with a structural defect 

or have a higher risk based on personal or family 

history. Ultrasound can also be used to screen 

for features associated with fetal aneuploidy 

and can be used for follow-up after abnormal 
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maternal serum screen results.'° A detailed fetal 

ultrasound can detect approximately 90-95% of 

ONTDs and anencephaly and should be offered 

in pregnancy following an elevated o-fetoprotein 

level on the serum screen. Ultrasound cannot 

be used to diagnose chromosome anomalies 

but can be helpful in adjusting risk for fetal ane- 

uploidy by screening for features (choroids 

plexus cysts, echogenic bowl, cystic hygroma, 

and so on) known to be associated with an in- 

creased risk. For genetic conditions associated 

with multiple malformations in which direct 

DNA testing is not available, fetal ultrasound can 

be used as a method of screening for recurrence 

in a subsequent pregnancy for conditions such 

as the short-rib polydactyly syndromes, which 

are associated with autosomal recessive inheritance 

but for which the genetic defects are unknown. 

A detailed or high resolution fetal ultrasound 

can be performed by sonographers with expertise 

in screening for skeletal abnormalities that are 

visible by the mid-second trimester. 

Congenital heart defects are among the 

most common birth defects, with an incidence 

of 8 per 1000 live births.'* Fetal echocardiograms 

with Doppler performed after 20 weeks gesta- 

tion can detect the majority of structural cardio- 

vascular defects and rhythm abnormalities. The 

early detection of fetal cardiovascular defects al- 

lows for better management during the preg- 

nancy and during the perinatal period, prompt 

screening for potential chromosome abnormal- 

ities and other structural anomalies in the fetus, 

and better education and preparation of the par- 

ents. According to the American Academy of 

Pediatrics, Committee on Genetics, fetal echocar- 

diography should be considered when (1) a car- 

diac defect is suspected on a routine ultrasound 

exam, (2) an extracardiac structural defect has 

been identified by ultrasound; (3) positive fam- 

ily history of a cardiovascular or rhythm defect; 

(4) chromosome abnormality or genetic disor- 

der associated with cardiac defects is suspected 

in the fetus; (5) maternal disease associated with 

increased risk for cardiac defects in the fetus, 

such as maternal diabetes or phenylketonuria 

(PKU); (6) known prenatal exposure to a ter- 

atogenic agent; (7) fetal arrhythmia has been 

detected on examination.'? 
With advances in ultrafast MRI technology 

overcoming distortion of images by fetal motion 

artifact, MRI has become a more prevalent tool 

for the detailed characterization of structural ab- 

normalities in pregnancy. Fetal MRI has been 

most helpful in delineating central nervous sys- 

tem abnormalities’? allowing for a more accu- 

rate diagnosis and prognosis of the infant. Fetal 

MRI can also be used in the second trimester to 

better characterize abnormalities in fetal vascu- 

lature, thorax, abdomen, and pelvis.'? MRI can 

be helpful in visualizing fetal anatomy when 

oligohydramnios is present, making ultrasound 

difficult. Fetal MRI is not recommended in the 

first trimester’? and should be offered to couples 

when a structural defect is suspected on ultra- 

sound that could be better characterized by MRI. 

Lastly, preimplantation genetic diagnosis 

(PGD) has become an important alternative to 

traditional methods of prenatal diagnosis of ge- 

netic disorders. PGD is defined as a method of 

analyzing the chromosomal or genetic makeup 

of an embryo obtained by in vitro fertilization 

(IVF) techniques.’° Once a diagnosis is estab- 

lished, embryos can be transferred to the woman’s 

uterus for a successful pregnancy. PGD was first 

used to determine the sex of embryos for cou- 

ples at risk of having a child with an X-linked 

condition. Since then, PGD has been used for 

the diagnosis of chromosome aneuploidy and 

translocations, over 100 single gene disorders, 

and for HLA typing for a potential stem cell 

donor match relative.1° Currently there are three 

methods of genetic testing of an embryo, early 

embryo biopsy, polar body extraction, and 

blastocyst-stage biopsy.'° Early embryo biopsy 

involves removing one or two blastomeres from 

the embryo on the third day after IVF. The cells 

can then be used for single cell FISH for certain 
chromosome anomalies or polymerase chain 
reaction (PCR)-based DNA analysis for single gene 
disorders. The blastocyst-stage biopsy involves 
the laser-guided removal of several cells from the 
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trophectoderm layer of the blastocyst approxi- 
mately 5 or 6 days after IVF. The advantage of the 
blastocyst-stage biopsy is that more cells can be 
obtained from the embryo, improving the accu- 

_tacy of the diagnosis compared to early embryo 

biopsy.'° In the polar body method, polar bod- 

ies from the product of meiosis I and II are re- 

moved for genetic testing. This method can only 

provide information on the genetic material con- 

tributed by the mother. Therefore, it can be used 

for diagnosis of chromosome translocations car- 

ried by the mother, chromosome aneuploidy de- 

rived from the mother, and autosomal dominant 

conditions in which the mother is the affected 

parent. It can also be used for autosomal reces- 

sive conditions but only tests for the presence of 

the mutation in the gene contributed by the 

mother and not the father. PGD has become a vi- 

able alternative for couples who have difficulty 

in electing to terminate an affected pregnancy 

identified by traditional methods of prenatal di- 

agnosis or who are in need of HLA matching. 

With advances in genetic testing techniques, PGD 

will become more widely available; however, the 

current methods do not allow for the broad di- 

agnosis of chromosome conditions and genetic 

disorders as in amniocentesis or CVS. The cost, 

limitations and technical complexity of PGD 

make it unlikely to replace traditional methods of 

prenatal diagnosis in the near future. 

> CONCLUSIONS 

Genetic counseling is an integral part of pro- 

viding good medical care for patients and fam- 

ilies receiving a diagnosis of a genetic disorder. 

This chapter is designed to provide insight into 

the complexities of the genetic counseling 

process and to assist medical professionals in 

helping families understand and cope with the 

implications of a genetic diagnosis. As the ASHG 

definition implies, the scope of genetic coun- 

seling expands beyond an explanation of facts 

and risks. The goal of genetic counseling is to 

empower patients and their families through 

education, resources, and support so that they 

may understand, accept, and cope with their 

genetic disorder and make informed medical 

and personal decisions. 
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CHAPTER 4 

Spina Bifida 
BARBARA K. BURTON 

> INTRODUCTION 

Myelomeningocele is a congenital malforma- 

tion involving protrusion of neural tissue and 

membranes through the vertebral arches into 

an open lesion or sac somewhere along the 

spine. A similar defect involving the meninges 

only is referred to as a meningocele. Both le- 

sions are referred to by the terms open spina 

bifida and open neural tube defect if there is 

no overlying skin covering. If there is a complete 

skin covering, the lesion is referred to as closed 

spina bifida or a closed neural tube defect. Both 

lesions are associated with an underlying bony 

defect in the spine and represent failure of nor- 

mal closure of the neural tube during early em- 

bryonic development. Approximately 90% of 

cases of open spina bifida are myelomeningoce- 

les and all of these have neurologic involvement 

resulting from damage to the exposed neural tis- 

sue. The remaining 10% are meningoceles and 

may not be associated with a neurologic deficit. 

Approximately 70% of myelomeningoceles are in 

the lumbar or lumbosacral region with the re- 

mainder distributed in the cervical, thoracic, and 

sacral regions. This chapter will review meningo- 

cele, myelomeningocele, open spina bifida, spina 

bifida occulta, occult spinal dysraphism, and 

open neural tube defects. 
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> EPIDEMIOLOGY/ETIOLOGY 

The epidemiology of open neural tube defects 

has been extensively studied and there is evi- 

dence for an important role of both genetic and 

environmental factors in the occurrence of these 

birth defects. There are major geographic, so- 

cioeconomic, and racial differences in the inci- 

dence of the defects and variations in birth 

prevalence have been documented over time. In 

general, the highest incidence of neural tube de- 

fects in the world is thought to occur in North- 

ern Ireland and South Wales where the incidence 

of anencephaly is 6.7 per 1000 and the incidence 

of spina bifida is 4.1 per 1000.’ In North Amer- 
ica, the incidence generally decreases from east 

to west and in any given area, is highest among 

Hispanics, lowest in blacks and Asians, and in- 

termediate in non-Hispanic Caucasians.” An av- 

erage prevalence in the United States of about 

1 per 1000 births is frequently quoted. There is 

a significant excess of females among fetuses and 

infants with open neural tube defects, greater 

for anencephaly than for spina bifida and en- 

cephaloceles. Birth defect monitoring programs 

worldwide have documented a downward trend 

in the birth prevalence of all open neural tube 

defects that predates both prenatal diagnosis of 

these malformations and efforts to fortify the diet 
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of women of child-bearing age with folic acid. 

A more recent dramatic decline in western soci- 

eties may reflect the latter effort.? Analysis of 

secular data in the United States reveals that the 

incidence of open neural tube defects was in- 

creasing in the early 1900s, and reached a peak 

in the early 1930s before beginning to decline. 

A lesser peak occurred in the early 1950s and 

again in the early 1960s, interrupting the otherwise 

steady decline in prevalence. No explanation 

has been brought forth to explain this temporal 

phenomenon. The only exception to this obser- 

vation has been in South America and South 

Africa where no decline in prevalence has been 

demonstrated. 

A relative folic acid deficiency has emerged 

as the single most important environmental fac- 

tor associated with the occurrence of open 

neural tube defects. The term relative is used 

because most mothers of infants with neural 

tube defects have serum and/or red blood cell 

folate levels within the normal range although 

as a group they are lower than in mothers of 

healthy infants. Furthermore, there is now evi- 

dence that up to 70% of nonsyndromic neural 

tube defects can be prevented by periconcep- 

tional folic acid supplementation continued 

through the period of neural tube closure.* The 

dose that is recommended for women in the 

general population is 0.4 mg per day which is 

typically included in most multivitamin prepa- 

rations but is often not achieved in a typical 

Western diet. Therefore, fortification of foods 

with folic acid has been recommended and ac- 

complished in several countries. The reason for 

the reduced folic acid levels observed in moth- 

ers of infants with neural tube defects is un- 

clear. Variation in methylene-tetrahydrofolate 

reductase activity may play a role.’ 

Other environmental variables that affect risk 

of neural tube defects include a number of ter- 

atogens that have been linked to an increased 

incidence of these malformations. Perhaps the 

most significant of these is maternal diabetes 

mellitus. Diabetic women face a risk of neural 

tube defects that is up to 20 times greater than 

the general population risk; this can be reduced 

by achieving tight glycemic control prior to con- 

ception and maintaining it throughout the first 

trimester of pregnancy. Several anticonvulsant 

drugs, including carbamazepine and valproic 

acid, are also associated with an increased risk 

of neural tube defects. Valproic acid appears to 

have a propensity for causing lumbosacral de- 

fects. Maternal hyperthermia has been impli- 

cated as a causative factor in neural tube defects 

and this is likely a risk factor when the fever is 

high (>39°C) and prolonged (>24 hours). 

The nature of the genetic contribution to 

neural tube defects is unclear. While it was once 

generally believed that most nonsyndromic neural 

tube defects were multifactorial in origin, mean- 

ing both genetic and environmental factors play 

a role, this is no longer uniformly accepted. Mul- 

tifactorial, multigenic, and monogenic models all 

have their proponents, and multiple mechanisms 

may exist to explain the disorder in different fam- 

ilies. There are clearly two broad categories of 

nonsyndromic neural tube defects, those that are 

folate-preventable and those that are not, and the 

etiology of the two may be entirely different. In 

addition, there are some families in which pedi- 

gree analysis suggests a single gene mode of trans- 

mission, such as X-linked recessive or autosomal 

dominant. In the majority of families, however, 

this is not the case. In this larger group, one ob- 

serves a recurrence risk in siblings that is greater 

than in the general population and is typically 

greater in areas of high incidence than in areas of 

low incidence. An increased risk of recurrence is 

also observed in second- and third-degree rela- 

tives of probands with the risk higher among ma- 
ternal than paternal relatives. 

> EMBRYOLOGY 

Myelomeningoceles and meningoceles both rep- 
resent failure of closure of some segment of the 
rostral portion of the neural tube. The process of 
neural tube closure begins approximately 18 days 
following ovulation and is complete by 28 days 



(Fig. 4-1). It has been hypothesized that all 
myelomeningoceles begin as myeloschisis with 
the uncovered neural plate exposed. Over time, 
this degenerates and there is epithelialization 
of the surface of the lesion. The anterior sub- 
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neural elements outward, to the surface of what 

appears to be a sac-like lesion. Although there 

may be complete destruction of a segment of 

spinal cord, the nerves remain where they exit 

from the spine, indicating that the cord was once 
arachnoid space fills with fluid and pushes the present at the site of the defect. 

Craniorachischisis | Open Spina Bifida 

Neural Fold 

Neural Groove 

Anencephaly 

Neural Crest 2 

Somite 

Cranial 

== Neuropore 

Notochord = 

Caudal 
peries Neuropore 

Neural Crest Eatery 

Somite 
Neural Tube Mesoderm 

Closed Spina Bifida Iniencephaly 

Figure 4-1. Features of neural tube development and neural tube defects. 

Panel A shows a cross section of the rostral end of the embryo at approximately 3 weeks 

after conception, showing the neural groove in the process of closing. Panel B shows a cross 

section of the middle portion of the embryo after the neural tube has closed. The neural tube, 

which will develop into the spinal cord, is now covered by surface ectoderm (which will later 

become skin). The mesoderm will form the bony spine. Panel C shows the features of the main 

types of neural tube defects. The diagram in the center is a dorsal view of a developing em- 

bryo, showing a neural tube that is closed in the center but still open at the cranial and caudal 

ends. The dotted lines marked A and B refer to the cross sections shown in panels A and B. 

Anencephaly, spina bifida and encephalocele are described in this chapter and in Chapters 

5 and 6. Craniorachischisis, a rare defect, is characterized by anencephaly accompanied by a 

contiguous bony defect of the spine and exposure of neural tissue. Iniencephaly, another rare 

defect, is associated with dysraphism in the occipital region and severe retroflexion of the neck. 

(Reprinted with permission from Botto LD, Moore CA, Khoury MJ, et al. Neural tube defects. New 

Engl J Med. 1999;341:1509-19.) 
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> CLINICAL PRESENTATION 

The diagnosis of a myelomeningocele or meningo- 

cele is readily made either on a prenatal ultra- 

sound or at birth when the lesion is noted on the 

infant’s back. Meningoceles are often, but not al- 

ways, covered by normal skin. In the case of the 

typical myelomeningocele, neurologic impairment 

is usually evident at birth and varies with the level 

and extent of the lesion. Positional foot deformi- 

ties, dislocated hips and knee, and hip contrac- 

tures may be present as a result of decreased fetal 

movement in utero. Hydrocephalus is present in 

approximately 90% of infants with lumbar and 

lumbosacral myelomeningoceles and is often pre- 

sent before an abnormal increase in the head cir- 

cumference is noted. It is less often associated 

with cervical, thoracic, and sacral lesions. The 

Chiari II malformation is uniformly associated with 

myelomeningocele and other central nervous sys- 

tem (CNS) lesions, such as aqueductal stenosis 

and heterotopias, can be observed. 

The terms spina bifida occulta and occulta 

spinal dysraphism refer to the situation in which 

there is an abnormal tethering of the spinal cord 

conus to a neighboring structure with failure of 

closure of two or more vertebral arches, often in 

association with abnormal neurologic findings and 

with a cutaneous or subcutaneous marker such as 

a tuft of hair, hemangioma, or lipoma. This lesion 

is part of the neural tube defect spectrum and is 

generally considered to have the same genetic im- 

plications as open spina bifida or myelomeningo- 

cele. Sometimes, the term spina bifida occulta is 

used incorrectly to describe the incomplete 

ossification of the posterior vertebral laminae, 

commonly L5 or S1, in a healthy individual. This 

benign lesion, found in up to 20% of normal 

adults, is of no clinical or genetic significance. It is 

often discovered coincidentally on radiographs. 

> EVALUATION 

MRI of the brain is the best tool for delineating 

the intracranial anatomy while a CT scan of the 

spine is helpful in outlining the extent of the ver- 

tebral abnormalities. Although myelomeningo- 

cele is readily diagnosed at birth, the prenatal 

diagnosis is more challenging despite the now 

widespread use of ultrasonography and mater- 

nal serum a-fetoprotein (MSAFP) screening in 

many parts of the world. MSAFP is elevated in 

the midtrimester in approximately 80% of 

women carrying a fetus with open spina bifida. 

In the vast majority of cases, experienced ultra- 

sonographers in high risk centers should be able 

to delineate the lesion on targeted ultrasound 

examination. Amniotic fluid a-fetoprotein and 

acetylcholinesterase determinations can provide 

definitive confirmation of the presence of a de- 

fect. It should be noted that there is marked 

variability in the detection rate for spina bifida 

by ultrasonography reported among ultrasound 

centers and some of the variability may be ex- 

plained by gestational age and operators skill. 

The defects are often not detected on examina- 

tions performed for routine indications. How- 

ever, in a patient at high risk for an open neural 

tube defect because of an MSAFP elevation, and 

particularly in a patient who has undergone am- 

niocentesis and has an elevated amniotic fluid AFP 

and positive acetylcholinesterase, it is essential 

that every effort be made to identify the defect 

by imaging techniques. This is necessary in or- 

der to provide the patient with the information 

needed to make an informed decision about 

whether to continue the pregnancy. MRI of the 

fetus has been used in some cases but is not 

clearly superior to ultrasonography in outlining 

the nature of the defect. 

A number of ultrasound markers have been 

demonstrated to be helpful in the prenatal di- 

agnosis of spina bifida. In imaging the spine, on 

sagittal view, there are two parallel lines repre- 

senting the dorsal neural arches, which con- 

verge at the sacrum. In spina bifida, the dorsal 
line and overlying soft tissue are absent. On 
coronal view, two lines are seen when the trans- 
ducer is in a dorsal position and these may be 
seen to spread when spina bifida is present.’ 
Additional helpful intracranial markers of fetal 



Figure 4-2. Cranial ultrasound of a fetus with 

spina bifida demonstrating the typical bilateral 

frontal scalloping of the cranium, referred to 

as the lemon sign. (Used with permission from 

William Grobman, MD, Dept. of Obstetrics and 

Gynecology, Northwestern University’s Feinberg 

School of Medicine.) 

spina bifida include the so-called lemon sign 

(Fig. 4-2) and the banana sign (Fig. 4-3) noted 

in 98% and 69% of fetuses with spina bifida im- 

aged prior to 24 weeks gestation, respectively. 

Figure 4-3. Another of the typical ultrasound 

markers of fetal spina bifida. The arrow de- 

notes the cerebellar compression and abnor- 

mal alignment referred to as the banana sign. 

(Used with permission from William Grobman, MD, 

Dept. of Obstetrics and Gynecology, Northwestern 

University’s Feinberg School of Medicine.) 
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> TABLE 4-1 Associated Malformations in an 

Infant with Spina Bifida 

Cardiac defects 3.7% 

Anal atresia 2.4% 

Renal anomalies 2.1% 

Abdominal wall defects 1.8% 

Facial clefts 1.4% 

Anophthalmia/microphthalmia 1.2% 

Limb reduction defects 1.1% 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Of infants with a myelomeningocele not known 

to have a chromosome anomaly, approximately 

18.8% have at least one other malformation. The 

most commonly reported anomalies in three 

large registry series are reported in Table 4-1.° 

Chromosome anomalies are uncommon in 

infants with neural tube defects, occurring in less 

than 10% of fetuses detected in the midtrimester 
and an even lower percentage of liveborn in- 

fants. Trisomy 18 and structural chromosome ab- 

normalities (deletions/duplications) are the most 

commonly observed abnormalities and should 

be associated with other findings that suggest the 

need for chromosome analysis. The syndromes 

most commonly associated with neural tube de- 

fects are listed in Table 4-2. In some cases, a dis- 

order may be associated with any type of neural 

tube defect—anencephaly, spina bifida, or en- 

cephalocele. If a condition is specifically associ- 

ated with one particular type of defect, this is 

noted in the table. 

> MANAGEMENT AND PROGNOSIS 

Treatment of the patient with myelomeningo- 

cele requires a multidisciplinary approach to 

the many complex problems resulting from this 

devastating birth defect. Most spinal defects can 

be treated by the neurosurgeon in the neona- 

tal period by primary closure and this is typi- 

cally performed soon after birth. In infants with 
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> TABLE 4-2 Syndromes Associated with Anencephaly or Spina Bifida (NOTE: Unless otherwise 

indicated, an entry may be associated with either spina bifida or anencephaly.) 

Syndrome Other Clinical Findings 

Acrocallosal syndrome 

(Schinzel syndrome) 

Amniotic band syndrome 

(Amnion disruption 

sequence) 

CHILD syndrome 

Chromosome anomalies, 

various 

Maternal diabetic 

embryopathy 

Pentalogy of Cantrell 

Valproic acid embryopathy 

Vitamin A embryopathy 

Waardenburg syndrome, 

type | 

Postaxial polydactyly; duplicated great 

toe; macrocephaly; agenesis of 

corpus callosum; mental retardation 

(Anencephaly) 
Secondary disruption of skull and facial 

structures; facial clefts; amputation- 

type limb defects 

(Disrupted cranium may resemble 

anencephaly) 

Unilateral limb defects ranging from 

absence of a limb to hypoplasia, 

webbing, or contractures; unilateral 

ichthyosiform skin lesions; cardiac 

defects 
(Myelomeningocele) 

Multiple minor and major anomalies in 

various organ systems 

Caudal regression, including sacral 

agenesis; congenital heart defects; 

cardiomyopathy; proximal focal 

femoral deficiency; holoprosencephaly 

Abdominal wall defect; sternal defect; 

deficient anterior diaphragm and 

diaphragmatic pericardium; heart 

defects; CNS anomalies 

Brachycephaly; dysmorphic 

facies; developmental delay 
(Myelomeningocele) 

Microtia/anotia; dysmorphic facies; 

heart defects; limb defects; 

multiple CNS malformations 

White forelock; widely spaced eyes; 

heterochromia irides; hearing loss 
(Myelomeningocele) 

Etiology 

Autosomal recessive 

Amnion disruption 

X-linked dominant 

NSDNL, Xq28 

Trisomies (esp. 18), 

triploidy, tetraploidy, 

deletions, duplications 

Abnormal maternal 

glucose metabolism 

Unknown 

Valproic acid exposure 

in utero 

Excess vitamin A 

exposure in utero 

Autosomal dominant 

PAX3, 2q25 

hydrocephalus, shunt placement may be per- 

formed simultaneously or during a subsequent 

surgery. Early complications that may be ob- 

served include shunt infection or malfunction 

and symptoms related to the Chiari II malfor- 

mation. These are discussed in more detail in 

Chap. 8 but include cranial nerve dysfunction, 

swallowing problems, and respiratory stridor 

and can progress rapidly to death if posterior 
fossa decompression is not performed. Strabis- 
mus and nystagmus are also common findings. 

Later complications of a myelomeningocele 
can include growth of an accompanying lipoma 
which may compress the spinal cord, affecting 



function, or tethering of the cord resulting from 
scarring or failure of development of the conus 
medullaris. In patients with low level lesions, 
this can lead to local pain and progression of an 
ascending motor deficit. Syringomyelia occurs 
‘in many patients with spina bifida and may be 
symptomatic, leading to upper limb, neck, or 

shoulder weakness, often in association with 

lower cranial nerve dysfunction. This may be 

associated with progressive scoliosis above the 

level of the spinal defect. Repeated neurosurgi- 
cal procedures may be necessary to address 
some of these complications. 

Patients with lower level lesions are more 

likely to walk, and at an earlier age, than those 

with higher level lesions, but some initial ambu- 

lators eventually return to wheelchairs because 

of problems posed by weight gain, cord tether- 

ing, and other factors. Whether in braces or a 

wheelchair, patients are always prone to pres- 

sure sores because of lack of sensation. Similarly, 

young children exploring their environment are 

at risk of injury, particularly from burns. 

A major problem for patients with 

myelomeningocele relates to their lower urinary 

tract dysfunction and rectal incontinence. In the 

past, the natural history of the disorder was that 

many patients developed end stage renal disease 

by early adult life as a result of stasis and chronic 

urinary tract infections. Standard therapy now in- 

volves the use of clean intermittent catheteriza- 

tion to manage the neurogenic bladder, which is 

successful in many, but not all, patients. This may 

be combined with oral anticholinergic agents. In 

patients whose urinary incontinence is not suc- 

cessfully managed medically, a variety of surgical 

approaches have been described and are in use. 

The rectal incontinence associated with spina bi- 

fida is typically treated with a regimen of bowel 

training using a routine of regularly scheduled 

bowel emptying and is successful in most cases. 

As many as 80% of patients with myelomeningo- 

cele develop a latex allergy resulting from multi- 

ple diagnostic and surgical exposures.’ They 

should be treated in a latex-free environment from 

birth to avoid this complication. 
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A limited number of centers have devel- 

oped expertise with fetal surgery for surgical 

closure of myelomeningocele in utero follow- 

ing the prenatal diagnosis of this birth defect. 

The impetus for intervention prenatally was 

based on the hypothesis that there was pro- 

gressive damage to the exposed neural tissue, 

supplemented by the observation that many 

affected fetuses were noted to have leg move- 

ment in utero, which was often no longer pre- 

sent at the time of birth. Evidence accumulating 

to date suggests that prenatal surgical closure 

decreases the need for postnatal shunting for 

hydrocephalus and may result in improved leg 

function.®? However, it clearly results in a sig- 

nificant increase in obstetrical complications 

including oligohydramnios, premature rupture 

of the membranes, and preterm delivery. There 

is no evidence of improved urinary tract func- 

tion and there are insufficient data to comment 

on long-term intellectual outcome or motor 

function. 

Although survival statistics and the risk of 

various complications varies considerably in dif- 

ferent series and may vary as a function of the 

aggressiveness of postnatal management, some 
generalizations can be reached and are useful 

in counseling parents of a fetus or newborn di- 

agnosed with a myelomeningocele. Approxi- 

mately 10-15% of infants with spina bifida are 

stillborn.'° Infants who are born alive without 

associated anomalies have about an 87% chance 

of living to be 1 year of age and a 75% chance 

of surviving into adult life.'’ Eighty-five percent 

will require shunting for hydrocephalus, 95% 

will require at least one shunt revision, and over 

30% will require surgery for a tethered cord re- 

lease.'* Close to 50% will develop scoliosis with 
most of them requiring spinal fusion; one quar- 

ter will have at least one seizure. More than 80% 

will have bladder and bowel continence ade- 

quate for socialization; 70% will have an IQ of 

80 or above.'° Late deterioration in motor and 

renal function will be a common occurrence. 

Lifelong comprehensive care by multiple spe- 

cialists will be a necessity. 
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> GENETIC COUNSELING 

The genetic counseling provided to parents of 

an infant with myelomeningocele or any other 

open neural tube defect will vary depending on 

a number of factors including family history and 

the background incidence of open neural tube 

defects in the local population. Initially, of 

course, it should be determined by physical ex- 

amination and, if necessary, by laboratory testing, 

that the defect is not part of a broader malforma- 

tion syndrome associated with a chromosome 

anomaly or a known mendelian pattern of in- 

heritance. If the defect is isolated, then the fam- 

ily history should be explored to rule out the 

possibility that one is dealing with one of the 

unusual examples of single gene transmission 

of isolated neural tube defects. If pedigree analy- 

sis is consistent with either X-linked recessive or 

autosomal dominant transmission, then appro- 

priate counseling for these modes of inheritance 

should be provided. Since this is a distinctly un- 

usual situation, consultation with a geneticist 

would be highly recommended. 

If there is only a single case in the family, 

then the parents will be at increased risk in fu- 

ture pregnancies for having another affected 

child as compared to couples in the general 

population. In general, the higher the back- 

ground risk in the population, the higher the 

risk of recurrence. Couples who have had a fe- 

tus or infant with any type of neural tube defect 

are at risk in future pregnancies for having a re- 

currence of any type of neural tube defect—in 

other words, a couple who first had a fetus with 

anencephaly may have a baby with spina bifida 

in a subsequent pregnancy. Therefore, counsel- 

ing of such couples should include a discussion 

of the full spectrum of neural tube defects. There 

are some families in which risk appears to be 

restricted to one type of defect and there is a 

slight tendency to recurrence of the same type 

of defect in most families but there are many 

examples of families in which both spina bifida 

and anencephaly occur. Specific recurrence risk 

figures are difficult to quote because of the 

significant variability observed between various 

population groups. In general, they tend to be 

in the range of 1-5% after a single affected in- 

fant. They are significantly higher if there are 

two affected siblings. Physicians are encouraged 

to seek out information on recurrence risks spe- 

cific to the local population prior to providing 

genetic counseling to families in their practices. 

In addition to discussing the risk of recur- 

rence, all women who have previously had an 

infant with a neural tube defect should be ad- 

vised to take an increased dose of folic acid in 

the periconceptional period for the prevention 

of neural tube defects in future pregnancies. 

The dose that is recommended is 4.0 mg per 
day which is 10 times higher than the dose rec- 

ommended for the general population. This 

should be initiated before conception is at- 

tempted and continued through at least the first 

6 weeks of pregnancy. All women of child- 

bearing potential who are sexually active, but 

do not have a prior history of neural tube de- 

fects, should receive 0.4 mg per day of folic acid 

either through the diet or in multivitamin form 

for the prevention of neural tube defects. 

Patients who have previously had a child 

with a neural tube defect should be offered 

prenatal diagnosis in all future pregnancies. 

Anencephaly may be detectable in many cases 

by ultrasonography as early as the late first 

trimester. MSAFP is elevated at 16-18 weeks ges- 

tation in about 80% of open neural tube defects 

including 75-80% of cases of spina bifida and 

95-100% of cases of anencephaly. Most couples 

who have previously had a child with a neural 

tube defect will not want to rely on MSAFP alone 

in subsequent pregnancies. This should be com- 

bined with high-resolution-targeted ultrasonog- 

raphy to image the fetal spine and intracranial 

structures. Amniocentesis to measure AFP in the 

amniotic fluid may also be considered by couples 
at high risk. If amniotic fluid AFP is elevated, an 
acetylcholinesterase determination should be 
performed. An elevated amniotic fluid AFP with 
positive acetylcholinesterase, in the absence of 
fetal blood contamination, is definitive evidence 



of the presence of an open fetal defect. If it has not 

previously been visualized by ultrasonography, 

every effort should be made following amniocen- 

tesis to image the defect so that appropriate coun- 

seling can be provided to the family. 

oy 
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CHAPTER 5 

Anencephaly 
BARBARA K. BURTON 

> INTRODUCTION 

Anencephaly is the complete or partial absence 

of the brain resulting from failure of closure of 

the cephalic portion of the neural tube which 

leads to protrusion of the unenclosed brain 

through the defective skull covering and subse- 

quent degeneration. It is readily detected pre- 

natally by ultrasound and, given the frequency 

with which prenatal ultrasound is currently 

used, most cases are now diagnosed prior to 

birth. If not identified prenatally, it is immedi- 

ately apparent at birth. 

> EPIDEMIOLOGY/ETIOLOGY 

The epidemiology of open neural tube defects is 

discussed in the chapter on spina bifida (Chap. 4). 

The neural groove and folds in the human em- 

bryo can first be seen by day 18 of development 

and have begun to fuse by day 22. The cephalic 

neural tube closes in a bidirectional fashion by 

day 24 (see Fig. 4-1 in Chap. 4 on spina bifida). 

In the case of an open neural tube defect in the 

cephalic region, closure proceeds normally be- 

low the level interrupted by the defect. As a re- 

sult of the defect, there is eversion of the cephalic 

neural tube and absence of the cranium. The 

neural tissue may undergo some overgrowth and 
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vascular proliferation but, over time, the exposed 

tissue is subject to secondary destruction and forms 

a spongy mass of connective tissue and vascular 

tissue referred to as the cerebrovasculosa. In about 

two-thirds of cases, there is complete absence of 

the brain and skull covering while in the remain- 

ing one-third, there is partial skull formation with 

the cerebrovasculosa protruding through a mid- 

line defect. 

Many pregnancies affected with anencephaly 

are electively terminated prior to the end of the 

midtrimester following prenatal diagnosis of the 

defect. Polyhydramnios is a common complica- 

tion of affected pregnancies. Approximately 50% 

of anencephalic infants in continuing pregnan- 

cies are stillborn while the remainder die within 

the first 48 hours of life. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Of anencephalic infants without a known chro- 

mosome anomaly, approximately 25% have at 

least one associated anomaly.’ The most com- 

monly observed anomalies are listed in Table 5-1. 

In general, the syndromes associated with anen- 

cephaly are the same as those associated with 

any type of open neural tube defect and are 

listed in Table 4-2 in Chap. 4 on spina bifida. 
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> TABLE 5-1 Associated Malformations in an 

Infant with Anencephaly 

Facial clefts 8.3% 

Anotia/microtia 3.1% 

Cardiac defects 3.0% 

Limb reduction defects 2.2% 

Abdominal wall defects Be TE 

> EVALUATION AND TREATMENT 

The infant with anencephaly should be care- 

fully examined for the presence of other anom- 
alies that could influence the genetic counseling 

provided to the parents. If other malformations 

are present, chromosome analysis should be 

obtained. Aggressive treatment, such as intuba- 

tion, resuscitation, and artificial ventilation of 

the affected infant is not warranted because of 

the dismal prognosis. In the past, anencephalic 

infants have served in a number of cases as or- 

gan donors but this practice has largely been 

abandoned in recent years. Difficulties in defin- 

ing brain death in these infants and the gener- 

ally poor quality of the organs by the time they 

were harvested have been the major obstacles 

to successful donation. 

> GENETIC COUNSELING AND 
PRENATAL DIAGNOSIS 

This is discussed in the chapter on spina bifida 

(Chap. 4). 
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Encephatocele 
BARBARA K. BURTON 

> INTRODUCTION 

An encephalocele is a herniation of brain and 

meninges through a defect in the skull. It is typ- 

ically covered by skin (closed defect) or a thin 

layer of epithelium (open defect). In rare cases, 

only meninges may protrude through the cra- 

nial defect, in which case the lesion is referred to 

as a cranial meningocele. An encephalocele may 

be present anywhere along the midline of the 

cranium, from the nasal septum to the base of the 

occiput. Approximately 75% of encephaloceles 

are in the occipital region. 

> EPIDEMIOLOGY/EMBRYOLOGY 

Encephaloceles are within the spectrum of neural 

tube defects. They are much less common than 

either anencephaly or spina bifida, occurring in 

an estimated 1 in 5000 to 10,000 births. The epi- 

demiology and embryology of neural tube de- 

fects is discussed in Chap. 4 on spina bifida. 
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> CLINICAL PRESENTATION AND 
EVALUATION 

In most cases, the lesion will be grossly appar- 

ent on physical examination after birth. The size 

of an encephalocele can range from very small 

to larger than the head. In most cases, an en- 

cephalocele can be distinguished clinically from 

other cranial lesions such as cephalohematomas, 

cysts, or cystic hygromas. If there is any doubt, 

the bony defect can be visualized by skull radi- 

ographs. Frontal encephaloceles are often ac- 

companied by hypertelorism and a bifid forehead 

and may protrude into the orbit, causing a defor- 

mity of the eye. Nasal encephaloceles may pre- 

sent as a facial mass. In all cases, neuroimaging by 

computed tomography (CT) scan or magnetic res- 

onance imaging (MRI) should be performed to 

define the contents of the extracranial sac and to 

assess the intracranial structures for the presence 

of associated anomalies. 

Encephaloceles are frequently identified pre- 

natally by ultrasonography. In these cases, it is 
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> TABLE 6-1 Associated Malformations in an 

Infant with Encephalocele 

Facial clefts 14.6% 

Anophthalmia/microphthalmia 8.5% 

Cardiac defects 7.4% 

Cystic kidneys 6.1% 

Limb reduction defects 5.8% 

Polydactyly 5.2% 

critically important to carefully examine the fetus 

for associated anomalies and to consider amnio- 

centesis for fetal chromosome analysis. Amniotic 

fluid o-fetoprotein (AFAFP) is often not elevated 

in the presence of a fetal encephalocele so a 

normal AFAFP level should not be viewed as ev- 

idence against the presence of such a defect. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

A large percentage of fetuses and infants with 

encephaloceles have associated anomalies. The 

common malformations seen in infants with an 

encephalocele and a normal chromosome 

analysis are presented in Table 6-1." It should 

be noted that encephalocele, cystic kidneys, 

and polydactyly are all features of the autoso- 

mal recessive Meckel-Gruber syndrome, a dis- 

order that accounts for a significant percentage 

of infants with encephalocele and other anom- 

alies. Syndromes associated with encephaloce- 

les are listed in Table 6-2. 

> MANAGEMENT AND PROGNOSIS 

In planning treatment for the infant with an en- 

cephalocele, the primary factors to consider are 

the presence of associated anomalies, includ- 

ing intracranial anomalies, and the contents of 

the lesion itself. Large lesions containing occip- 

ital or parietal cortex tend to have the worst 

prognosis for survival and for intellectual out- 

come, with most of the infants who do survive 

exhibiting very limited developmental progress.” 

Additional poor prognostic indicators are the 

associated findings of absent corpus callosum, 

holoprosencephaly, or microcephaly. In con- 

trast, infants with cranial meningoceles or with 

encephaloceles containing only glial nodules 

may do very well following surgical closure.° 

Similarly, nasal encephaloceles are associated 

with a more favorable prognosis than occipital 

or parietal encephaloceles with only 20-25% of 

affected infants exhibiting severe disabilities. 

Predicting prognosis following the prenatal 

diagnosis of an encephalocele is often difficult 

because of the high incidence of associated 

anomalies. Over 50% of fetuses identified as hav- 

ing an encephalocele in the midtrimester of preg- 

nancy are found to have associated anomalies. 

Some of these have chromosome anomalies, such 

as trisomy 13 or 18, or a recognizable single gene 

disorder, such as the Meckel-Gruber syndrome. 

In the apparently isolated lesions, an effort should 

be made to determine if the sac contains signifi- 

cant brain tissue prior to counseling the family 

regarding the prognosis for the infant. 

> GENETIC COUNSELING 

In an infant with an encephalocele and other 

anomalies, every effort should be made to es- 

tablish a specific diagnosis so that appropriate 

genetic counseling can be provided to the fam- 

ily. Chromosome analysis should be obtained. 

Autopsy should be strongly encouraged for in- 

fants who do not survive to look for findings 

such as cystic kidneys, which may lead to a di- 

agnosis of Meckel-Gruber syndrome with an au- 

tosomal recessive mode of inheritance, and a 

25% risk of recurrence in future pregnancies. In 
the case of isolated encephaloceles, the genetic 
counseling is the same as for other isolated 
neural tube defects and is covered in Chap. 4 
on spina bifida. 
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> TABLE 6-2 Syndromes Associated with Encephaloceles 
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Syndromes Other Clinical Findings Etiology 

Amniotic band syndrome 

(Amnion disruption sequence) 

Apert syndrome 

Chromosome anomalies 

Dyssegmental dysplasia 

(Silverman-Handmaker) 

Fraser syndrome 

Frontonasal dysplasia 

Meckel-Gruber syndrome 

MURCS association 

Pallister-Hall syndrome 

Roberts SC-phocomelia 

syndrome 

Walker-Warburg syndrome 

Irregular disruption of skull and 

facial structures; facial clefts; 

limb and digital constrictions 

and amputation-type defects 

Craniosynostosis; syndactyly 

both hands and both feet 

Multiple minor and major 

anomalies in various organ 

systems 

Skeletal dysplasia with very 

short limbs; oral clefts; 

stillborn or early neonatal 

death 

Syndactyly; eyelid fusion; 

abnormal ears; laryngeal 

anomalies; renal 

agenesis/dysgenesis; 

abnormal genitalia; mental 

retardation 

Widow’s peak; hypertelorism; 

broad or bifid nose; median 

cleft lip; variable mental 

retardation 

(Frontonasal encephalocele) 

Microphthalmia; cleft lip/palate; 

cystic kidneys; polydactyly 

Short stature; cervicothoracic 

vertebral defects; absence of 

proximal 2/3 of vagina and 

uterus; renal agenesis 

or ectopia 

Dysmorphic facies; cleft palate; 

polydactyly; syndactyly; renal 

anomalies; anal atresia; 

hypothalamic hamartoma 

Microcephaly; growth failure; 

cleft lip/palate; limb deficiency; 

mental retardation 
Lissencephaly; cerebellar 

malformations; retinal dysplasia, 

microphthalmia; congenital 

muscular dystrophy 

Amnion disruption 

Autosomal dominant 

FGFR2, 10q26 

Trisomies (13, 18); 

deletions, duplications 

Autosomal recessive 

HSPG2, 136.1 

perlecan 

Autosomal recessive 

FRAS1, 4q21 

FREM2, 13q13.3 

Sporadic, occasionally 

autosomal dominant 

Autosomal recessive 

8q24 

11q13 

17q23 

Unknown 

Autosomal dominant 

GLI3, 7p13 

Autosomal recessive 

POM1, 9934.1 

POM2, 149q24.3 

FCMD, 9q3.1 
es ee 
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CHAPTER 7 

Holoprosencephaly 
BARBARA K. BURTON 

> INTRODUCTION 

Holoprosencephaly is a severe structural mal- 

formation of the brain in which the developing 

forebrain fails to divide into two separate hemi- 

spheres and ventricles. It can be further subdi- 

vided into alobar holoprosencephaly in which 

there is a single ventricle and no separation of 

the cerebral hemispheres; semilobar holopros- 

encephaly in which the left and right frontal 

and parietal lobes are fused and the interhemi- 

spheric fissure is only present posteriorly; and 

lobar holoprosencephaly in which most of the 

hemispheres and lateral ventricles are sepa- 

rate but the ventral portions of the frontal lobes 

are fused. 

> EPIDEMIOLOGY/ETIOLOGY 

Holoprosencephaly is one of the most common 

developmental defects of the forebrain and may 

occur as frequently as 1 in 250 pregnancies, but a 

large majority of these fetuses do not survive to 

delivery. The defect occurs with an incidence of 

1 in 10,000 to 1 in 20,000 live births. Between 25% 

and 50% of all infants with holoprosencephaly 
are found to have a chromosomal abnormality, 

and this should be the first consideration in any 

infant with this malformation. The most common 
chromosomal abnormality identified is trisomy 
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13 but a large number of numerical and struc- 

tural chromosome abnormalities have been re- 

ported in association with holoprosencephaly. 

Maternal diabetes is an important nongenetic 

cause of holoprosencephaly with diabetic moth- 

ers having an overall risk of approximately 1% 

of having an affected infant. This is 20 times 

higher than the general population risk. There 

may be other teratogenic causes of this malfor- 

mation but none have yet been conclusively 

identified in humans. 

Most cases of nonsyndromic holoprosen- 

cephaly are probably genetically determined 

with five autosomal dominant genes for the dis- 

order having thus far been identified.’ Mutations 

in these five genes account for approximately 

50% of familial cases and less than 10% of spo- 

radic cases of nonsyndromic holoprosencephaly 

(Table 7-1). A number of other candidate genes 

have also been identified. Of significance is the 

fact that expression of all five of the genes thus 

far identified is highly variable and all exhibit 

incomplete penetrance with approximately one- 

third of gene carriers having normal intelligence 

and no clinical manifestations whatsoever. Indi- 

vidual family members who do exhibit clinical 

manifestations may have obvious holoprosen- 

cephaly or much more subtle findings such as 

ocular hypotelorism, a single maxillary incisor 

or midline cleft lip with no central nervous sys- 

tem (CNS) findings.* 
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> TABLE 7-1 Autosomal Dominant Genes 

for Holoprosencephaly (% of Patients with 

Mutations in the Gene) 

Familial 

Gene Locus Cases De Novo Cases 

SHH 7q36 30-40% <5% 

ZIC2 13q32 5% <2% 

SIX3 2p21 1-2% Rare 

TGIF 18p11.3 = 1-2% Rare 

PTCH 9q22.3 Rare Rare 

> CLINICAL PRESENTATION 

The diagnosis of holoprosencephaly at birth is 

typically suspected on the basis of the character- 

istic facial findings which can range from cyclopia 

with a proboscis above the eye at the most severe 

end of the spectrum to hypotelorism with a me- 

dian cleft lip in less severely affected infants 

(Fig. 7-1). There is some correlation Between 

the severity of the facial abnormalities and the 

type of holoprosencephaly with cyclopia and 

cebocephaly (the finding of a single nostril nose) 

virtually always predicting alobar holoprosen- 

cephaly. Semilobar and lobar holoprosen- 

cephaly are more commonly associated with a 

flat nose (often with the nares opening onto the 

lip or anterior palate), ocular hypotelorism, and 

a median or bilateral cleft lip. 

In patients without any facial dysmorphol- 

ogy, the diagnosis of a CNS malformation is usu- 

ally suspected later in infancy on the basis of 

developmental delay or seizures. Once the di- 

agnosis is suspected, either immediately after 

birth or at a later time, it can be confirmed by 

neuroimaging, preferably by magnetic reso- 

nance imaging (MRI). This will also identify any 

associated CNS anomalies. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Holoprosencephaly is accompanied by the char- 

acteristic pattern of facial anomalies in about 

80% of affected individuals. Although infants with 

Figure 7-1. 

encephaly exhibiting the typical facial charac- 

teristics of the disorder. Note the findings of 

hypotelorism, a flat nose, and median cleft lip. 

Patient with semilobar holopros- 

chromosome anomalies are likely to have ab- 

normalities in other organ systems, these are not 

always immediately apparent. Therefore, chro- 

mosome analysis should be obtained on every 

infant with holoprosencephaly. Holoprosen- 

cephaly not associated with a chromosome 

anomaly can be further subdivided into syn- 

dromic and nonsyndromic forms. Holoprosen- 

cephaly has been reported in association with a 

large number of multiple malformation syn- 

dromes, most of which are rare. In many of 

these disorders, holoprosencephaly is an incon- 

stant or occasional finding. Therefore, it is pru- 

dent to seek consultation with a geneticist in 

any infant with holoprosencephaly and multiple 
malformations who has a normal karyotype since 
the differential diagnosis may be quite complex. 



> EVALUATION 

The evaluation of the infant with holoprosen- 
cephaly should include the following: 

_ 1. Neuroimaging, preferably by MRI, to define 
the defect and identify any associated CNS 
anomalies. 

2. Detailed physical examination to identify 

any associated anomalies outside the CNS. 

3. Careful prenatal and family history to exclude 

maternal diabetes as a cause and to explore 

the history for findings that would suggest 

possible autosomal dominant inheritance. 

4. Chromosome analysis; if normal, consider 

microarray analysis (comparative genomic 

hybridization) to identify submicroscopic 

deletions or duplications. 

5. In nonsyndromic cases, particularly if family 

history is suggestive of autosomal dominant 

transmission, obtain DNA analysis for muta- 

tions in the five genes listed in Table 7-1. 

Over time, clinical testing may become avail- 

able for additional genes. 

> MANAGEMENT AND PROGNOSIS 

Developmental delay is observed in all infants 

with holoprosencephaly with the degree of delay 

correlating with the severity of the CNS malfor- 

mation.’ Infants with alobar holoprosencephaly 

typically do not exhibit any developmental 

progress and only 20% survive beyond the first 

year of life. In contrast, approximately 50% of 

infants with lobar or semilobar holoprosen- 

cephaly survive 1 year and most develop a so- 

cial smile. Seizures are extremely common and 

panhypopituitarism may be observed as a result 

of pituitary dysgenesis. There is often evidence 

of brain stem and hypothalamic dysfunction 

with temperature, heart rate, and respiratory in- 
stability. Difficulties in coordinating suck and 

swallowing may lead to significant feeding prob- 

lems and aspiration, which may be com- 

pounded if a cleft lip and palate is present. 
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There is no specific treatment for the brain 

malformation. In some children, hydrocephalus 

may develop and this can be treated with a 

shunt procedure. Consideration can be given to 
repair of cleft lip and palate in infants who sur- 

vive beyond 1 year of age. Otherwise, treatment 

is essentially symptomatic for complications 

of the disorder including anticonvulsants for 

seizures, hormone replacement therapy for 

pituitary insufficiency, if present, and nutritional 
support. 

> GENETIC COUNSELING 

Prior to genetic counseling, every effort should 

be made to determine if the holoprosencephaly 

is syndromic or nonsyndromic and, if syn- 

dromic, to establish a specific diagnosis. If a 

chromosomal abnormality or multiple malfor- 

mation syndrome is diagnosed, then the genetic 

counseling will be determined by the counsel- 

ing appropriate for that disorder. 

In the case of nonsyndromic holoprosen- 

cephaly in an infant with normal chromosomes, 

the family history must be carefully explored in 

detail for subtle findings that might suggest that 

there are other family members carrying an auto- 

somal dominant gene for the disorder before 

the assumption is made that a case is isolated. 

Findings in relatives that may be significant in- 

clude single maxillary incisor, microcephaly, 

anosmia, cleft lip, pituitary insufficiency, hy- 

potelorism, or developmental delay. If the par- 

ent of an infant with holoprosencephaly exhibits 

findings suggesting that he or she carries a disease- 

causing mutation, or if a parent is shown to carry 

a mutation by DNA analysis, then there is a 

50% risk to subsequent siblings of inheriting 

the mutation. Taking into account the incom- 

plete penetrance and variable expressivity of all 

of the dominant holoprosencephaly genes, the 

risk to subsequent siblings for various outcomes 

has been shown to be 20% for holoprosen- 

cephaly, 15% for minor manifestations, and 15% 

for a normal phenotype (silent gene carrier). 
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If the family history is completely unremark- 

able in a sporadic case of holoprosencephaly, 

the risk of recurrence is likely relatively low. 

Some cases may represent new mutations of 

autosomal dominant genes. The recurrence risk 

is always greater than that faced by couples in 

the general population, however, because of 

the possibility of gonadal mosaicism for a dom- 

inant gene mutation or because of the possibility 

that a parent could be a nonexpressing carrier of 

a dominant gene. High resolution ultrasonogra- 

phy should be offered in subsequent pregnan- 

cies for examination of the intracranial anatomy 

and facial structures. Alobar holoprosencephaly 

should be easily detectable in the midtrimester 

of pregnancy by ultrasonography.* Semilobar 

and lobar holoprosencephaly cannot be reli- 

ably detected by prenatal ultrasound examination, 

although the accompanying facial anomalies 

may be detected. If a previous child with 

holoprosencephaly has had a chromosome 

anomaly, then prenatal chromosome analysis, 

by chorionic villus sampling or amniocentesis, 

should be offered. 
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CHAPTER 8 

Aydrocephalus 
BARBARA K. BURTON 

> INTRODUCTION 

Hydrocephalus is a condition associated with 

an increase in the volume of the ventricular 

cavities in the brain relative to the cerebral 

parenchyma. The discussion in this chapter will 

focus on true hydrocephalus, usually associated 

with increased intracranial pressure, resulting 

from either obstruction to the normal flow of cere- 

brospinal fluid or fluid production that exceeds 

the resorptive mechanisms. It will not include a 

discussion of “hydrocephalus ex vacuo” in which 

enlarged ventricles are observed as a result of 

cerebral atrophy. A distinction should also be 

made between hydrocephalus and both hydra- 

nencephaly, in which the brain is replaced by a 

fluid-filled sac covered with meninges, and poren- 

cephaly in which there are one or more fluid- 

filled cysts which may be contiguous with the 

ventricular system. 

> EPIDEMIOLOGY/ETIOLOGY 

The incidence of isolated congenital hydro- 

cephalus, not associated with spina bifida is ap- 

proximately 0.5 per 1000 births.’ No significant 

differences in incidence have been documented 
among various ethnic groups. It is a very het- 

erogeneous disorder with multiple etiologies. 

Many cases are felt to be nongenetic in origin, 
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resulting from posthemorrhagic or postinflam- 

matory changes in the brain. The origin of the 
disorder can be prenatal, perinatal, or even post- 

natal. In preterm infants, intracranial hemor- 

rhage is a major cause. In a small percentage of 

patients, specific etiologic agents, such as toxo- 

plasmosis, can be identified. In other cases, a 

specific single gene mutation can be demon- 

strated as the basis for the disorder. The best 
known example of this is the syndrome of 

X-linked aqueductal stenosis, also known as 

X-linked hydrocephalus-MASA spectrum, which 

results from mutations in the LICAM gene at 

Xq28.° This is a highly variable disorder with 

findings ranging from mental retardation without 

hydrocephalus to severe prenatal hydrocephalus 

leading to stillbirth. Indeed the term MASA is 

an acronym for Mental retardation, Adducted 

thumbs, Shuffling gait, and Aphasia. About 25% 

of affected patients have the associated finding 

of adducted thumbs which can be a useful diag- 

nostic marker. Unfortunately, the mental retarda- 

tion associated with the disorder is an intrinsic 

feature that is present even if the patient is 

shunted early. The incidence of this syndrome 

is estimated to be approximately 1 in 30,000 births. 

It may account for as many as 25% of cases of 

aqueductal stenosis in males. Other forms of 

isolated hydrocephalus may rarely have a single 

gene basis but most of these are rare. Excluding 

X-linked aqueductal stenosis, most cases of 
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nonsyndromic isolated hydrocephalus are spo- 

radic and of unknown, presumably nongenetic, 

etiology. 

> CLINICAL PRESENTATION 

Increased use of ultrasound in pregnancy has re- 

sulted in increased numbers of fetuses being di- 

agnosed with ventriculomegaly. It is important 

to recognize that the finding of ventriculomegaly 

in utero is not equivalent to a diagnosis of con- 

genital hydrocephalus. Mild to moderate in utero 

ventriculomegaly is often nonprogressive and 

will not require treatment postnatally. Further- 

more, ventriculomegaly in utero may be a re- 

flection of other central nervous system (CNS) 

malformations, such as neuronal migration de- 

fects, and the prognosis may be quite different 

than that associated with isolated hydrocephalus. 

Caution should always be used in making pre- 

dictions about treatment or prognosis prior to 

birth. In attempting to establish a diagnosis of 

hydrocephalus prenatally by ultrasound, how- 

ever, a number of helpful ultrasound parameters 

have been identified. There may be significant 

ventricular dilatation and parenchymal compres- 

sion before there is an increase in the biparietal 

diameter. Therefore, the diagnosis typically rests 

on intracranial measurements, including com- 

parison of the lateral ventricle to hemisphere ra- 

tio (LV/H), evidence of separation of the choroid 

plexus from the ventricular wall, and an increase 

in the ventricular diameter. 

Postnatally hydrocephalus is characterized 

by an increasing head circumference that crosses 

percentiles on the growth chart. Serial head cir- 

cumference measurements are very important. 
The fontanelle may be tense or bulging with 

widened cranial sutures. Neurologic findings 

such as loss of upward gaze, the “setting sun 

sign” Gin which there is downward displacement 

of the eyes with the sclera visible above the iris), 

neck rigidity, irritability, or abnormal reflexes 

may be observed. Many affected infants have no 

abnormal neurologic findings, however, 

> ASSOCIATED MALFORMATIONS 

AND SYNDROMES 

The most common anomaly associated with hy- 

drocephalus is open spina bifida (myelomeningo- 

cele). This has been addressed in Chap. 4. It may 

also be observed in association with the Dandy- 

Walker malformation which is discussed in 

Chap. 9. Most cases of congenital hydrocephalus 

are either isolated, associated with open spina 

bifida, or occur in preterm infants secondary to 

intracranial hemorrhage. However, hydro- 

cephalus can occur as a component of a number 

of different multiple malformation syndromes 

and can be a manifestation of intrauterine infec- 

tion. Therefore, the infant should be carefully 

examined for any evidence of associated 

anomalies or abnormal findings in other or- 

gan systems. A list of some of the most common 

syndromes associated with congenital hydro- 

cephalus is provided in Table 8-1. 

> EVALUATION 

The following evaluation is recommended if a 

fetus is identified to have ventriculomegaly on 

a prenatal ultrasound: 

1. Serial imaging to assess for progression 

2. Careful assessment for associated anomalies 

within and outside the CNS 

3. Amniocentesis for fetal karyotype and testing 

for cytomegalovirus (CMV) and toxoplasmosis 

4. Consider fetal magnetic resonance imaging 

(MRD, if available 

After birth, routine skull radiographs, al- 

though not usually necessary, will show splayed 

sutures, thinning of the calvarium, flattening of 

the cranial base and, in long-standing cases, 

digital impressions. The diagnosis can be estab- 
lished by ultrasonography, cranial tomography, 
or MRI. This will usually also help to distinguish 
the various subtypes of hydrocephalus, based 
on the anatomy observed. The most common 
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> TABLE 8-1 Syndromes Associated with Hydrocephalus 

Syndrome Other Features Etiology 

Achondroplasia 

Amniotic band syndrome 

Cytomegalovirus 
infection, congenital 

MASA syndrome 

Microphthalmia—linear 

skin defects syndrome 

Noonan syndrome 

Oral-facial-digital 

syndrome, type | 

Oral-facial-digital 

syndrome, type II 

Toxoplasmosis, 

congenital 

Triploidy 

VATER or VACTERL 
syndrome 

Walker-Warburg 

syndrome 

Skeletal dysplasia with proximal 

limb shortening; prominent 

forehead; depressed nasal bridge; 

large head. Findings can be subtle 
in the neonate. 

Facial clefts; amputation type defects 

of limbs or digits, often accompanied 

by annular constrictions. 

Intrauterine growth retardation; microcephaly; 

deafness; chorioretinitis 

Mental retardation; adducted thumbs; 

agenesis of corpus callosum; spastic 

paralysis; increased incidence of stillbirth 

Microphthalmia; linear dermal aplasia 

of head and neck; septum pellucidum 

cyst; absent corpus callosum 

Short stature; ptosis; hypertelorism; 

low set/abnormal ears; short/webbed 

neck; pectus excavatum; dysplastic 

pulmonic valve; hypertrophic 

cardiomyopathy; mild mental 

retardation in 25% 

Median cleft/notched lip; multiple oral 

frenula; lobulated tongue; short fingers 

with syndactyly; porencephaly; hypoplastic 

cerebellar vermis; Dandy-Walker cyst; 

agenesis of corpus callosum 

Short stature; hypertelorism; bifid nasal tip; 

cleft tongue; cleft palate; short fingers 

with syndactyly; polydactyly; agenesis of 

corpus callosum 
Intrauterine growth retardation; intracranial 

calcifications; chorioretinitis; deafness 

Severe intrauterine growth retardation; 

syndactyly; congenital heart defects 

Vertebral anomalies; anal atresia; cardiac 

defects; tracheo-esophageal fistula; 

renal anomalies; limb defects 

Agyria; Dandy-Walker malformation; 

cerebellar hypoplasia; encephalocele; 

retinal dysplasia; corneal opacities; 

elevated CK; myopathy 

Autosomal dominant 

FGFR3 gene 

4p16.3 

Amnion disruption with 

mechanical disruption 

of fetal structures by 

amnion adhesion or 

fibrous amniotic 

bands 

Cytomegalovirus 
infection in utero 

X-linked recessive 

LICAM gene 
Xq28 

Chromosome deletion 

del Xp22.3 lethal in 

males 

Autosomal dominant 

PTPN11 

12q24.1 (50% of cases) 

SOS1 or KRAS 

X-linked dominant, 

male lethal 

Xp22.3-p22.2 

Autosomal recessive 

Prenatal infection with 

toxoplasma gondii 

Chromosome anomaly 

69, XXY or 69, XXX 

Sporadic; etiology 

unknown 

Autosomal recessive 

POMT1, 9q34.1 

POMT2, 14q24.3 

Fukutin, 9931; 

multiple other genes 

to be identified 
Re IETS I is SACs I Ce OE 
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broad categories, aqueductal stenosis and com- 

municating hydrocephalus, are about equally 

common in most series of neonates, each ac- 
counting for 35-40% of cases. Less common en- 

tities include aplasia of the foramen of Monro, 

which can produce unilateral hydrocephalus, 

and stenosis of the third ventricle. Associated 

CNS malformations may also be detected by 

neuroimaging in infants with hydrocephalus, al- 

tering both the diagnosis and prognosis. 

In addition to these neuroimaging studies, 

all infants with congenitial hydrocephalus 

should have the following workup to identify 

the etiology and to plan an adequate follow-up: 

1. Eye examination for choreoretinitis, retinal 

dysplasia, or other abnormalities 

2. Hearing assessment 

3. Chromosome analysis, if associated anom- 

alies are present 

4, Evaluation for toxoplasmosis and, CMV, if 

indicated 

5. Consider genetic testing for mutations in LI- 

CAM if male with aqueductal stenosis 

> MANAGEMENT AND PROGNOSIS 

The treatment and prognosis for patients with 

hydrocephalus depends, to a certain extent, on 

the age at diagnosis, the etiology of the disorder, 

and whether there are any associated anomalies. 

Before attempting to predict prognosis for fe- 

tuses diagnosed in utero, it is essential to at- 

tempt to determine if there are any associated 

anomalies. The presence of associated anom- 

alies, especially within the CNS, is a very poor 

prognostic indicator. Sequential imaging studies 

may be necessary. MRI, if available, can now be 

of value in assessing the CNS for associated 

anomalies not readily seen on ultrasound. It has 

been shown that up to 15% of infants who were 

felt on prenatal ultrasound to have sonographi- 

cally isolated ventriculomegaly have at least one 

additional CNS anomaly detected at the time of 

birth, many of which may be detected by MRI. 

In general, patients with mild, nonprogressive 

ventriculomegaly in utero have a more favorable 

prognosis than those with more severe abnor- 

malities, although the outcome is not guaranteed 

to be normal.’ For those patients with progres- 

sive hydrocephalus, particularly those diagnosed 

prior to 32 weeks gestation, the outcome is gen- 

erally poor. This observation led to the hypothe- 

sis several decades ago that there might be a role 

for intrauterine shunting in the treatment of hy- 

drocephalus diagnosed prenatally. The results 

were uniformly poor* and this was largely aban- 

doned in the late 1980s. Currently, early delivery 

for postnatal shunting is considered in some 

cases, balancing the risks of prematurity against 

the risks of progressive hydrocephalus. Shunting 

is the standard neurosurgical treatment for the 

disorder. A discussion of the various types of 

shunt procedures, specific indications for shunt 

placement, and shunt complications is beyond 

the scope of this discussion. The most common 

shunt procedure used in most centers is the ven- 

triculoperiotoneal shunt. 

Of children whose hydrocephalus has a pre- 

natal onset, 24% are stillborn and 17% die in the 

neonatal period.’ Of those surviving at the age of 

10 years, only 28% have an IQ within the normal 

range. Predictors of a better outcome include 

lack of associated malformations, lack of shunt 

malfunctions and infections, and aqueductal 

stenosis not due to a LICAM mutation or to tox- 

oplasmosis. In a recent series of all infants with 

isolated hydrocephalus of either prenatal or 

postnatal onset followed to 10 years of age, 

there was a 5% overall mortality and 46% had 

mental retardation, 31% cerebral palsy, and 31% 

epilepsy%." 

> GENETIC COUNSELING 

If a specific diagnosis of a malformation syn- 
drome, single gene disorder (such as X-linked 
hydrocephalus secondary to a LICAM gene mu- 
tation) or teratogenic syndrome has been es- 
tablished in a patient with hydrocephalus, then 
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> TABLE 8-2 Recurrence Risk for Siblings of an Infant with Congenital Hydrocephalus 

Proband Recurrence Risk for Siblings 

Male with aqueductal stenosis 12% for male siblings; 6% for females for hydrocephalus 

Female with any type of hydrocephalus 

or male with communicates hydrocephalus 
2% for male or female siblings for hydrocephalus 

appropriate genetic counseling should be pro- 

vided for that disorder and prenatal diagnosis 

should be discussed, if applicable. In most other 

cases, empiric recurrence risk counseling will 

need to be given. Estimated risks for various 

categories of patients are given in Table 8-2. In 

addition to discussing the risk of recurrence, 

parents should be offered sequential high reso- 

lution ultrasound in future pregnancies. The 

gestational age at which hydrocephalus devel- 

ops is highly variable, however, so parents 

should clearly understand that normal findings 

in the second trimester when pregnancy termi- 

nation is an option do not in any way preclude 

the development of hydrocephalus at a later 

time in gestation. 
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SAP DERE 

Dandy-Walker Malformation 
BARBARA K. BURTON 

> INTRODUCTION 

The Dandy-Walker malformation is a central ner- 

vous system (CNS) malformation defined by a 

triad of findings including hypoplasia or absence 

of the cerebellar vermis with upward rotation of 

the vermis; an enlarged posterior fossa with up- 

ward displacement of the falx, lateral sinuses, and 

torcular; and cystic dilatation of the fourth ventri- 

cle that is in communication with a thin-walled 

retrocerebellar cyst that is formed by the roof 

of the fourth ventricle. There is wide variability 

in the findings. Some patients exhibit hypoplasia 

of the vermis and/or smaller cysts with a normal 

posterior fossa. These findings are often referred 

to as a “Dandy-Walker variant.” Hydrocephalus is 

typically not present in fetuses with the Dandy- 

Walker malformation in utero but it frequently 

develops as a secondary complication postnatally. 

> EPIDEMIOLOGY/ETIOLOGY 

Estimates of the prevalence of the Dandy-Walker 

malformation among live births vary from about 

1 in 25,000! to about 1 in 50007, depending on 
the population studied and the method of ascer- 

tainment. The disorder is etiologically diverse and 

has been reported in many different mendelian, 
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teratogenic, and chromosomal syndromes. Recent 

work has implicated heterozygous loss of the 

genes ZIC1 and ZIC4 in cases of isolated Dandy- 

Walker malformation.’ A mouse model has been 

developed. Inborn errors of metabolism that 

have been associated with Dandy-Walker mal- 

formation include 3-methyl-glutaconic aciduria, 

which is typically associated with metabolic aci- 

dosis and abnormal urine organic acids, and 

congenital disorders of glycosylation (CDG syn- 

dromes) which may exhibit variable features in- 

cluding abnormal fat distribution, retinopathy, 

renal tubulopathy, and elevated transaminases. 

> CLINICAL PRESENTATION 

The diagnosis of the Dandy-Walker malformation 

is often made in utero by ultrasound examination 

which demonstrates the characteristic intracranial 

findings. In infants who are not ascertained pre- 

natally, macrocephaly, with a prominent occiput, 

is often present at birth. Patients are typically di- 

agnosed with the development of signs and symp- 

toms of hydrocephalus including increasing head 

circumference, bulging fontanelle, irritability, and 

ocular signs, such as upward and lateral gaze 

palsy, nystagmus, and strabismus. Cerebellar dys- 

function is uncommon in infancy. 
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> ASSOCIATED MALFORMATIONS 

AND SYNDROMES 

The majority of patients with Dandy-Walker mal- 

formation have associated CNS anomalies and 

these should be carefully sought. The most com- 

mon is agenesis of the corpus callosum. Ex- 

tracranial malformations are also very common. 

Among those most frequently noted are facial 

hemangiomas, cardiovascular defects, and digi- 

tal anomalies. 

Each affected infant with the Dandy-Walker 

malformation must be carefully examined to de- 

termine the extent of any associated anomalies 

and to determine if a unifying diagnosis can be 

established. The Dandy-Walker malformation or 

variant has occasionally been reported in asso- 

ciation with a very large number of different 

syndromes. However, it is a common feature of 

only a few. These are listed in Table 9-1. See 

also Fig. 9-1. If a diagnosis cannot be readily es- 

tablished in an infant, consultation with a ge- 

neticist should be obtained as there are many 

other conditions, not on this list, that might be 

considered. 

> EVALUATION 

The following evaluation is recommended if a 

fetus is identified to have Dandy-Walker mal- 

formation or variant on ultrasonography: 

1. Careful assessment for any associated anomalies 

2. Amniocentesis for fetal karyotype 

3. Fetal echocardiogram 

After birth, diagnosis is confirmed by neu- 

roimaging. It can usually be established by ei- 

ther computerized tomography or magnetic res- 

onance imaging (MRD, but MRI is probably the 

preferred method to show the status of the cere- 

bellar vermis. It is essential that good sagittal 

and axial views at the level of the fourth ventri- 

cle be obtained (Fig. 9-2). A recommended eval- 

uation plan for all infants with the Dandy-Walker 

malformation should include: 

> TABLE 9-1 Syndromes Commonly Associated with Dandy-Walker Malformation 

Syndrome Other Clinical Findings Etiology 

3 C syndrome 

(Ritscher-Schinzel 

syndrome) 

Chromosome anomalies, 

various 

system 

PHACE syndrome 

Growth retardation; cardiac defects: 

large fontanel; hypertelorism; 

downslanting palpebral fissures 

Highly variable—minor and major 

malformations in any organ 

Acronym for Posterior fossa 

abnormalities; facial and/or 

Autosomal recessive 

Chromosome deletions, 

duplications, trisomies, 

triploidy 

Unknown, female 

predominance 
subglottic Hemangiomas; Arterial 

abnormalities including coarctation 

of the aorta; Cardiac defects; and 

Eye defects including 
microphthalmia 

Lissencephaly; retinal dysplasia; other 

eye anomalies; encephalocele; 
myopathy; elevated CK; growth failure 

Walker-Warburg syndrome Autosomal recessive 

POMT1, 9934.1 

POMT2, 14924.3 

Fukutin, 9q31; 

multiple other genes 
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Figure 9-1. Infant with Walker-Warburg 

syndrome, an autosomal recessive disorder 

frequently associated with Dandy-Walker mal- 

formation. Note the dressing over the scalp 

covering a posterior encephalocele. This infant 

also had retinal dysplasia, anterior chamber 

anomalies with congenital glaucoma, a cleft 

lip and palate, hypotonia, and an elevated 

creatine kinase level consistent with congenital 

muscular dystrophy. 

1. MRI with sagittal and axial views of the 

fourth ventricle to confirm the diagnosis, 

delineate the anatomy, and detect any asso- 

ciated CNS anomalies 

2. Eye examination 

Echocardiogram 

Karyotype if any associated anomalies are 

noted 

5. Neurosurgical consultation 

soe 

Figure 9-2. Sagittal MRI scan showing Dandy- 

Walker malformation with upward deviation of 

the cerebellar vermis and posterior fossa cyst. 

In this case, the cerebellar vermis is relatively 

well-developed whereas many patients with 

Dandy-Walker malformations have significant 

cerebellar hypoplasia with only remnants ob- 

served on MRI. (Used with permission from 

Alexander G. Bassuk, MD, PAD, Dept. of Pediatrics, 

Northwestern University’s Feinberg School of 

Medicine.) 

> MANAGEMENT AND PROGNOSIS 

The outcome for infants with the Dandy-Walker 

malformation varies widely, largely as a func- 

tion of associated malformations and underly- 

ing diagnosis. Overall mortality for patients with 

the disorder is in the range of 27%* with most 

deaths attributable to associated malformations, 

uncontrolled hydrocephalus, shunt malfunction 

or infection. Sudden death has been reported in 

a number of cases and it has been suggested 

that this may be due to brain stem ischemia.* 

Many surviving patients are developmentally 

delayed and ultimately mentally retarded but 

those without associated anomalies clearly ap- 

pear to have a better prognosis than those with 
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other CNS anomalies or broader malforma- 

tion syndromes, with up to 50% of the for- 

mer in some series having normal development. 

A cerebellum that is not only small but also dys- 

genetic may be a poor prognostic indicator.” 

Unfortunately there is a paucity of long-term 

outcome data on well-categorized surviving 

children. Cerebellar dysfunction is an additional 

finding that is present in up to half of all sur- 

vivors as they grow older. 

When the Dandy-Walker malformation or 

variant is diagnosed in utero, it is even more dif- 

ficult to make predictions regarding outcome. It 

can be extremely difficult to ascertain the extent 

of associated CNS or extracranial malformations 

present prior to birth. If available, fetal MRI can 

be very useful in this regard. If not, serial ultra- 

sonography should be employed. Amniocente- 

sis should be offered for determination of the 

fetal karyotype since there is a significant risk of 

chromosomal abnormality in the fetus, Parents 

should be counseled of the range of possible 

outcomes. There has been no clear difference 

demonstrated in outcome between patients with 

Dandy-Walker malformation and the Dandy- 
Walker variant. 

Treatment for the Dandy-Walker malforma- 

tion is directed toward control of the hydro- 

cephalus that frequently develops as a sec- 

ondary complication. A variety of different shunt 

procedures are utilized and the complica- 

tions are the same as in infants with isolated 
hydrocephalus. 

> GENETIC COUNSELING 

If the diagnosis of a specific chromosome anom- 

aly or malformation syndrome has been estab- 

lished in a patient with the Dandy-Walker syn- 

drome, appropriate genetic counseling for that 

disorder should be provided, with discussion of 

prenatal diagnosis as applicable. In the case of 

patients with isolated Dandy-Walker malforma- 

tion with no family history of the disorder, em- 

piric recurrence risk counseling must be pro- 

vided. The estimated risk of recurrence in a 

future pregnancy in these cases is in the range 

of 1-5%, Parents should be offered high resolu- 

tion ultrasonography in future pregnancies. 
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CHAPTER 10 

Chian Malformations 
BARBARA K. BURTON 

> INTRODUCTION 

Chiari malformations are defined by caudal dis- 

placement and herniation of cerebellar structures 

into the cervical canal. The two most common 

types are type I, which is a congenital or ac- 

quired anomaly that involves caudal displace- 

ment of the cerebellar tonsils but not the brain 

stem, cerebellar vermis, or fourth ventricle into 

the cervical canal. The level is rarely below C2 

and there is no association with spina bifida. The 

posterior fossa is small and hydrocephalus oc- 

curs in less than 10% but an associated syrinx 

is common. In type II, also referred to as the 

Arnold-Chiari malformation, the cerebellar vermis, 

tonsils, medulla, and/or fourth ventricle are dis- 

placed caudally into the cervical canal. There is 

a virtual 100% association with meningomyelo- 

cele and hydrocephalus, and other central ner- 

vous system (CNS) anomalies are common. Chiari 

type III and IV malformations are extremely rare 

and will not be considered here. The term Chiari 

type 1.5 is occasionally used to refer to a Chiari 

type II malformation occurring in the very rare 

infant who does not have a myelomeningocele. 

> EPIDEMIOLOGY/ETIOLOGY 

The prevalence of the Chiari I malformation in 

the population has been difficult to ascertain 
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because of the number of affected individuals 

who remain asymptomatic. In two large series 

of unselected magnetic resonance imaging 

(MRI) studies in the United States, a frequency 

of 0.55% and 0.77% was observed.’* A lower 
rate was noted in a Japanese series.? The Chiari I 

is more common in females than in males, with 

the female:male ratio ranging from 3:2 to 3:1. 

The pathogenesis of the defect is not well un- 
derstood, but it has been suggested that it may 

be the result of a primary defect in para-axial 

mesoderm, resulting in a decreased size of the 

posterior fossa. 

The epidemiology of Chiari II malforma- 

tions essentially parallels the epidemiology of 

open neural tube defects and is discussed in 

Chap. 4. The prevailing theory on the patho- 

genesis of the Chiari I] malformation holds 

that it is the result of cerebrospinal fluid (CSF) 

leakage from the myelomeningocele at the 

time of early failure of closure of the neural 

tube.* This in turn leads to relative collapse 

of the fourth ventricle at a time when closure 

of the neural tube normally leads to distention of 

the posterior fossa, which then has important 

secondary “mechanical induction” effects 

throughout the CNS. The absence of these in- 

duction forces explains the often-observed 

abnormalities in cranial nerve nuclei, hetero- 

topias, and other anomalies associated with 

spina bifida. 
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> CLINICAL PRESENTATION 

The Chiari I malformation is rarely diagnosed in 

the neonatal period unless it is associated with a 

broader malformation syndrome that leads to 

neuroimaging. Patients with an isolated Chiari I 

typically appear normal in early infancy and the 

diagnosis is not established until early adult life. At 

the time of diagnosis, it is sometimes recognized, 

however, that patients have had lifelong symp- 

toms including headache and clumsiness. When 

the diagnosis is established, the most common 

presenting symptoms are headache and neck pain, 

although a wide variety of signs and symptoms 

can be observed.’ Symptoms in Chiari I are gen- 

erally felt to be the result of direct cerebellar 

compromise, compression of the brain stem and 

cranial nerves, and syrinx-associated central cord 

syndrome. In addition to head and neck pain, 

other symptoms that can be observed include 

blurred vision or photophobia, dizziness, tinnitus, 

decreased hearing, dysphagia, numbness, and 

weakness. Some patients present with apnea, pos- 

sibly related to respiratory center dysfunction, or 

to vocal cord paralysis, and these patients may be 

at increased risk for postoperative complications. 

When the diagnosis of a Chiari I malformation is 

suspected, it can be confirmed by MRI (Fig. 10-1). 

It has been estimated that approximately 

57% of pediatric patients with a Chiari I are 

asymptomatic. Of those who have symptoms, 

63% have pain, 26% numbness, 19% weakness, 

16% incoordination, 18% cranial nerve abnor- 

malities, 28% central cord signs, and 13% cere- 

bellar signs.° Scoliosis is an important finding as 

it is indicative of the presence of syringomyelia.’ 

The Chiari type II malformation (or 

Arnold-Chiari malformation) has associated 

myelomeningocele in all cases and essentially 

never occurs in its absence. Less than 20% of 

Chiari II malformations produce symptoms and, 

when they do, they usually occur prior to 

3 months of age. The Chiari II malformation is the 

leading cause of death in infants with spina bi- 

fida under the age of 2 years.° Symptoms begin 
to appear following closure of the spinal defect 

Figure 10-1. Sagittal MRI of a patient with a 

Chiari | malformation showing the herniation of 

the cerebellar tonsils through an enlarged 

foramen magnum. (Used with permission from 

Alexander G. Bassuk, MD, PhD, Dept. of Pedi- 

atrics, Northwestern University University’s 

Feinberg School of Medicine.) 

and are the result of brain stem dysfunction re- 

sulting from the small posterior fossa with down- 

ward displacement of the hindbrain into the 

cervical canal, obstructing the flow of CSF into 

the fourth ventricle. The lower cranial nerves are 

compressed as they exit the cranium and are at 

risk for necrosis. Symptomatic infants present 

with dysphonia, stridor, difficulty in swallowing, 

and vocal cord dysfunction. Sleep apnea is com- 

mon and glossopharyngeal dysfunction leads to 

an increased risk of aspiration. Vagal nerve dys- 

function results in respiratory compromise and 
sudden death. There is no correlation between 

the level of the myelomeningocele and the risk 

of a symptomatic Chiari II malformation. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

There are no anomalies commonly associated with 
Chiari I malformations. Hydrocephalus occurs in 
less than 10% of cases. Other CNS anomalies are 



uncommon. Syringomyelia and scoliosis are com- 
mon secondary consequences of the defect but 
do not represent primary associated defects. In- 

telligence is typically normal in patients with the 

nonsyndromic form of the disorder. Since the 

Chiari II malformation uniformly accompanies 

spina bifida, the associated anomalies are the 

same as those listed for spina bifida (Chap. 4). 

The syndromes most commonly associated 

with the Chiari I malformation are listed in 

Table 10-1. Those associated with the Chiari II 

malformation are the same as those associated 
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with open neural tube defects and are listed in 

Table 4-2 in Chap. 4. 

> EVALUATION 

MRI is the best imaging technique for demon- 

strating the anatomic abnormalities associated with 

a Chiari If malformation. The caudal displacement 

of the posterior fossa contents into the cervical 

canal is difficult to detect by computed tomog- 

raphy (CT) scan so, when using this technique, 

> TABLE 10-1 Syndromes Associated with Chiari Malformation 

Syndrome 

Apert syndrome 

Beare-Stevenson 

syndrome 

Crouzon syndrome 

FG syndrome 

Hajdu-Cheney 

syndrome 

Klippel-Feil anomaly 

or sequence 

Neurofibromatosis type | 

Williams syndrome 

Velocardiofacial syndrome 

(22q11 deletion 
syndrome) 

Other Findings 

Craniosynostosis; soft tissue and bony 

syndactyly of fingers and toes; mental 

retardation (50%) 

Craniosynostosis; mental retardation; 

cutis gyrata and acanthosis nigricans; 

midface hypoplasia; abnormal ears; 

bifid scrotum 

Craniosynostosis; proptosis; strabismus; 

prognathism 

Macrocephaly; hypotonia; developmental 

delay; agenesis of corpus callosum; 

gastrointestinal disorders 
Short stature; coarse facies; prominent 

eyebrows and eyelashes; Wormian 

bones; short neck; short digits 
and nails; progressive kyphoscoliosis 

Fused or abnormal cervical vertebrae; 

webbed neck; cranial nerve palsies; 

scoliosis; deafness; rib defects; 

Sprengel anomaly; cardiac and renal 

anomalies 

Multiple café au lait spots; multiple 

subcutaneous neurofibromas; iris Lisch 

nodules; increased risk of CNS tumors 

including optic pathway gliomas 

Developmental delay; supravalvular aortic 

stenosis; unusual facies; short stature; 

hypercalcemia 

Conotruncal cardiac defects; thymic 
hypoplasia; cleft palate; velopharyngeal 

insufficiency; hypocalcemia; mildly 

dysmorphic facial features 

Etiology 

Autosomal dominant 

FGFR2, 10q26 

Autosomal dominant 

FGFR2, 10q26 

Autosomal dominant 

FGFR2, 10q26 

X-linked recessive 

Autosomal dominant 

Usually sporadic; 
occasionally autosomal 

dominant 

Autosomal dominant 

Neurofibromin 

17q11.2 

Submicroscopic 
chromosome deletion 

1911.23 
Submicroscopic 

chromosome deletion 

22q11.2 

BSI aE sn TEST ec ea 
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other characteristic findings should be relied 

upon for diagnosis. These include a lacunar skull, 

concave petrous pyramids with a posterior sur- 

face groove, hypoplasia of the falx and tento- 

rium, and an abnormal quadrigeminal plate with 

a spectrum of collicular fusion and midbrain 

breaking that indents the midline cerebellum and 

may come to overlie the pons. The fourth ven- 

tricle is generally invisible, flattened, or small and 

there is poor visualization of the basal cisternae. 

Recommended evaluation for the patient with a 

Chiari I or II malformation is as follows: 

MRI. 

Neurosurgical consultation.. 

In the case of Chiari II, all of the same as- 

sessments recommended for infants with 

spina bifida are also indicated. 

Coe) IS 

> MANAGEMENT AND PROGNOSIS 

The primary objective of surgical treatment of 

patients with symptomatic Chiari I malformation 

is decompression of the posterior fossa with the 

goals of equalizing intracranial and intraspinal 

pressure, restoring the posterior fossa sub- 
arachnoid space, relieving brain stem pressure, 

eliminating the syrinx, and resolving signs and 

symptoms. The most common surgical approach 

used in pediatric patients has involved a limited 

craniectomy with Cl laminectomy. A less com- 

mon approach has been to reduce the obstruction 

at the foramen magnum by cerebellar tonsillec- 

tomy. The resected tonsillar tissue has shown 

atrophy and gliosis and presumably has little 

functional importance. Overall, most pediatric sur- 

gical series have shown resolution of symptoms in 

over 80% of patients.° Patients whose symptoms 

have been of short duration have generally had a 

better prognosis than those with long-standing 

symptoms. Symptoms can recur after initial reso- 

lution so long-term follow-up is necessary. 

There is general agreement that treatment is 

not indicated for patients with Chiari I malforma- 

tions who are asymptomatic. The natural history 

of the disorder is unclear but there certainly ap- 

pear to be some individuals who never develop 

symptoms. 
The prognosis for infants with a Chiari I 

malformation who become symptomatic is not 

as good as it is for those with the Chiari I. Many 

experience acute neurologic deterioration and 

die. Others may respond initially to surgical in- 

tervention but later have a recurrence of symp- 

toms and deteriorate. This may reflect a more 

extensive CNS dysgenesis in some of these pa- 

tients or there may be brain stem hemorrhage 

secondary to the acute brain stem compression. 
More recent surgical series have shown some 
promising results with C1 laminectomy or duro- 

plasty with release of adhesions and reestab- 

lishment of flow from the fourth ventricle. In 

one such series, 80% of patients had resolution 

of symptoms at 1 year of age.” However, by 

4 years of age, close to 50% had recurrence of 

symptoms requiring a second operation. 

> GENETIC COUNSELING 

A genetic component to the nonsyndromic 

Chiari I malformation is suggested by the fact that 

this malformation has been reported in a number 

of sibling pairs.'° The specific genetic mechanism 

has not been established and empiric recurrence 

risk data for use in genetic counseling have not 

been published in the literature. Parents of an 

affected child should be counseled that their risk 

of having a second affected child is greater than 

the risk faced by couples in the general popula- 

tion. A specific recurrence risk cannot be quoted 

at this time. The same advice should be given to 

an individual with the Chiari I malformation re- 

garding his or her risk of having an affected 

child. Level II ultrasound examination should be 
offered during pregnancy for assessment of the 
fetal intracranial anatomy. However, the patient 
should be advised that normal findings will not 
rule out a Chiari I malformation. Genetic coun- 
seling for couples with a child with a Chiari II 
will be the same as that provided to any other 



couple with a child with an open neural tube 

defect. This is covered in detail in Chap. 4. 

Ao AY 
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CHAPTER 11 

Agenesis of the Corpus 
Callosum 

BARBARA K. BURTON 

> INTRODUCTION 

Agenesis of the corpus callosum is the failure of 

the callosal commissural fibers to cross the mid- 

line and form the major connection between 

the two cerebral hemispheres. There are two 

primary types of agenesis of the corpus callo- 

sum. In the first type, the callosal axons develop 

and move toward the midline but do not cross. 

This results in the formation of the longitudi- 

nally oriented bundles of Probst that are located 

medial to the lateral ventricles in patients with 

this disorder and are pathognomonic of the de- 

fect. In the second type, the commissural axons 

or their cell bodies fail to form and never ap- 

proach the midline. This is considerably less 

common and usually associated with syndromic 

forms of agenesis of the corpus callosum. 

> EPIDEMIOLOGY/ETIOLOGY 

The true incidence of agenesis of the corpus cal- 

losum is difficult to determine because many iso- 

lated cases may be asymptomatic. The incidence 

in autopsy series is reported to be 1 in 20,000." 

Among pediatric patients referred for magnetic 

resonance imaging (MRI) because of neurologic 
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abnormalities, the incidence is 1 in 100. or 

greater. The defect is more common in males 

than in females with a sex ratio approaching 2:1. 

The etiology of agenesis of the corpus cal- 

losum is extremely heterogeneous. Its occurrence 

has been well-documented in the fetal alcohol 

syndrome? and other teratogenic causes such as 

maternal diabetes and infectious agents have 

been suggested in isolated case reports. Inborn 

errors of metabolism are an important cause 

of agenesis of the corpus callosum and may 

represent up to 4% of all cases.* Perhaps the 

best known metabolic disorder associated with 

this malformation is nonketotic hyperglycine- 

mia, a condition typically associated with a 

neonatal encephalopathy. As many as 40% of 

patients with this disorder may have callosal 

agenesis, reflecting the fact that metabolic de- 

rangements may begin in early prenatal life, af- 

fecting fetal development. Another significant 

group of metabolic disorders associated with 

agenesis of the corpus callosum is the group of 

defects in pyruvate metabolism including pyru- 

vate dehydrogenase and pyruvate carboxylase 

deficiencies. These disorders are typically asso- 

ciated with lactic acidosis and it is of interest that, 

in some cases, they are also associated with dys- 

morphic facial features similar to those observed 
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in infants with fetal alcohol syndrome. Agenesis 

of the corpus callosum may also be observed in 

infants with congenital lactic acidosis secondary 

to mitochondrial respiratory chain defects. Other 

metabolic disorders in which it may be observed 

include mupolysaccharidoses, mucolipidoses, 

Zellweger syndrome, and Lowe syndrome. 

Isolated agenesis of the corpus callosum 

which cannot be linked to any teratogenic cause 

and is not a component of a generalized mal- 

formation syndrome nor associated with a meta- 

bolic disorder is generally a sporadic occurrence. 

However, familial cases have been reported both 

in siblings and in parents of affected individu- 

als. In addition to genes for some of the multi- 

ple malformation syndromes listed in Table 11-1, 

two genes which are of importance in geneti- 

cally determined forms of agenesis of the cor- 

pus callosum have been identified. One of these 

is the LICAM gene on the X chromosome which 

is also responsible for X-linked hydrocephalus 

secondary to aqueductal stenosis.? Mutations in 

this gene may lead to a wide range of effects on 

the central nervous system, including isolated 

agenesis of the corpus callosum or callosal age- 

nesis in conjunction with other malformations. 
The second gene is the SLC12A6 gene, which is 

mutated in patients with Andermann syndrome, 

a disorder which occurs with high frequency in 

the Charlevoix and Saguenay-Lac-St. Jean re- 

gion of Quebec. In addition to agenesis of the 

corpus callosum, patients with this autosomal 

recessive disorder have a progressive hereditary 

neuropathy.° Clinical testing is available for mu- 

tations in both LICAM and SLC12A6. 

> CLINICAL PRESENTATION 

It is generally believed that the presenting find- 

ings in patients with agenesis of the corpus cal- 
losum are the result of associated anomalies and 

that isolated agenesis of the corpus callosum is 

asymptomatic. This conclusion is based on 
the observation that many clinically normal 

individuals have been found at autopsy or on 

neuroimaging for indications such as headache 

to have agenesis of the corpus callosum. In- 

creasingly, patients with agenesis of the corpus 

callosum are being identified at birth because of 

findings noted on prenatal ultrasonography. 

Dysmorphic facial features may be present with 

the most commonly observed facial features 

being hypertelorism and a broad nose. Macro- 

cephaly and microcephaly both occur with in- 

creased frequency. If not identified at birth, the 

diagnosis usually follows neuroimaging ob- 

tained for evaluation of developmental delay or 

seizures later in infancy. Other neurologic find- 

ings are common including poor coordination, 

spasticity, quadriparesis, or hemiparesis. MRI is 

the best modality for establishing the diagnosis 

of agenesis of the corpus callosum and for de- 

lineating the associated anomalies of the central 

nervous system (CNS). (Fig. 11.1) 

Prenatal diagnosis of agenesis of the corpus 

callosum by ultrasonography cannot be reliably 

accomplished prior to 20 weeks gestation. Find- 

ings suggestive of agenesis of the corpus callo- 

sum include ventriculomegaly, a high position. of 

the third ventricle, and failure to visualize the 

cavum septum pellucidum. Agenesis of the cor- 

pus callosum occurs in up to 10% of cases of mild 

ventriculomegaly noted in utero but is less com- 

mon among cases of severe ventriculomegaly. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

A large percentage of patients with agenesis of 

the corpus callosum have associated anomalies. 

Certainly all of those detected on the basis of 

clinical signs and symptoms have associated 

anomalies since isolated callosal agenesis is 

asymptomatic. It is more difficult to determine 

what fraction of fetuses with agenesis of the 
corpus callosum detected in utero have associ- 
ated anomalies. Despite careful serial ultrasound 
examinations, some of the associated abnor- 
malities cannot be visualized by prenatal ultra- 
sound. Therefore an anomaly that may appear 
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> TABLE 11-1 Syndromes Commonly Associated with Agenesis of the Corpus Callosum 

Syndrome Other Clinical Features Etiology 

Acrocallosal syndrome 

Aicardi syndrome 

Cerebro-oculo-facio-skeletal 

(COFS) syndrome 

Chromosome anomalies 

FG syndrome 

Fetal alcohol syndrome 

Fryns syndrome 

Miller-Dieker syndrome 

Mowat-Wilson syndrome 

Neu-Laxova syndrome 

Proud syndrome 

Septo-optic dysplasia 

Macrocephaly; large fontanel; 

short neck; polydactyly; mental 

retardation 

Chorioretinal lacunae; infantile 

spasms; polymicrogyria; 

hypoplastic cerebellar vermis 

Microcephaly; cataracts; 

contractures; severe postnatal 

growth and developmental 

retardation 

Major and minor anomalies in 

multiple organ systems 

Hypotonia; anal anomalies; small 

ears; broad thumbs and great 

toes 

Intrauterine growth retardation; 

microcephaly; short palpebral 

fissures; simple philtrum; 

nail hypoplasia 

Coarse facies; hirsutism; 

diaphragmatic hernia; 

hypoplastic distal phalanges 

and nails 

Lissencephaly; seizures; 

microcephaly; anteverted 

nares; cryptorchidism 

Microcephaly; hypotonia; 

Hirschsprung disease; large 

nose; cardiac defects 

Intrauterine growth retardation; 

edema; very abnormal facies 

with proptosis, sloping forehead 

and flat nose; microcephaly; 

syndactyly; pterygia; 

ichthyosis 

Microcephaly; seizures; coarse 
facies; contractures; tapering 

fingers; porencephaly; 
urogenital anomalies 

Optic nerve hypoplasia; absence 

of septum pellucidum; pituitary 

insufficiency 

Autosomal recessive 

12p13.3-p11.2 

X-linked dominant, 

lethal in male 

Xp22 

Autosomal recessive 

Trisomies (18,13), 

deletions, duplications 

X-linked recessive 

Xqi2—g21.3 

may be heterogeneous 

Prenatal alcohol 

exposure 

Autosomal recessive 

Submicroscopic 
chromosome deletion 

17p13.3 

Autosomal dominant 

ZFHX1B, 22q22 

Autosomal recessive 

X-linked dominant 

ARX, Xp22.13 

Sporadic in most cases; 
some due to mutations in 

HESX1, 3p21.2-p21.1 

(Continued) 
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> TABLE 11-1 Syndromes Commonly Associated with Agenesis of the Corpus Callosum (Continued) 

Syndrome Other Clinical Features Etiology 

Toriello-Carey syndrome Hypotonia; short palpebral fissures; Autosomal recessive 

cleft palate; micrognathia; 

cardiac defects 

Lissencephaly; retinal dysplasia; 

other eye anomalies; 

hydrocephalus; encephalocele; 

congenital muscular dystrophy 

with elevated CK 

Walker-Warburg syndrome Autosomal recessive 

POMT1, 9q34.1 

POMT2, 14q24.3 

Fukutin, 9931 

FKRP, 19913.3 

isolated in utero can turn out to be part of a 

broader syndrome. A summary of malforma- 

tions associated with agenesis of the corpus cal- 

losum is listed in Table 11-2.’ 

The available data indicate that approxi- 

mately 15% of patients with agenesis of the cor- 

pus callosum have a chromosomal abnormality. 

In addition to the usual trisomies 13 and 18 and 

structural abnormalities such as deletions and 

Figure 11-1. Sagittal MRI scan showing ab- 
sence of the corpus callosum. (Used with per- 
mission from Alexander G. Bassuk, MD, PAD., 
Dept. of Pediatrics, Northwestern University’s 
Feinberg School of Medicine.) 

duplications, trisomy 8 mosaicism should be 

mentioned since this is an abnormality that ap- 

pears with some frequency in series of patients 

with agenesis of the corpus callosum and will 

usually be missed by blood karyotype alone. If 

this diagnosis is suspected and blood chromo- 

somes are normal, chromosomes should be an- 

alyzed in skin fibroblasts. 

Approximately 15% of patients with agene- 

sis of the corpus callosum have normal chro- 

mosomes but have multiple malformations that 

fall into the spectrum of a recognizable multiple 

malformation syndrome. The most common of 

> TABLE 11-2 Associated Malformations in an 

Infant with Agenesis of Corpus Callosum 

Other CNS Anomalies (any) 44% 

Hydrocephalus 23% 

Heterotopias/polymicrogyria 23% 

Cysts—Porencephalic, 23% 
Dandy-Walker, other 

Microcephaly 15% 

Microgyria 6% 
Lissencephaly 3%. 

Pachygyria 2% 

Craniofacial Anomalies 29% 

Hypertelorism 20% 

Cardiac Anomalies 13% 

Gl Anomalies 8% 

Urinary Tract Anomalies 20% 

Gl, gastrointestinal 
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these are listed in Table 11-1. There are many 
other multiple malformation syndromes, not 
listed in the table, in which agenesis of the cor- 
pus callosum can be an occasional feature. 
Therefore, consultation with a clinical geneticist 
is recommended in complex cases. 

> EVALUATION 

The following studies should be obtained on 

any infant with agenesis of the corpus callosum: 

1. MRI of the brain—to confirm the presence 

of the defect and to detect and define any 

associated CNS malformations 

2. Careful physical examination to identify any 

associated major or minor birth defects or 

dysmorphic features 

3. Ophthalmologic examination—this is par- 

ticularly important in female infants to look 

for the chorioretinal lacunae seen in Aicardi 

syndrome 

4. Blood chromosome analysis 

Ultrasound evaluation of the urinary tract 

Echocardiogram Sw 

> MANAGEMENT AND PROGNOSIS 

The treatment for infants with agenesis of the 

corpus callosum is directed at any associated 

anomalies for which treatment may be indi- 

cated. Similarly, the prognosis is dependent on 

the overall diagnosis and on the prognosis for 

that condition or, if there is no specific diagno- 

sis established, the prognosis for the anomalies 

identified. The outcome is generally not favorable 

for symptomatic patients who have neurologic 

abnormalities in early infancy. Of all patients with 

agenesis of the corpus callosum, mental retar- 

dation of some degree is found in approximately 

83%.°? About half of all patients develop seizures 

and over a third have findings consistent with 

cerebral palsy.” Factors predictive of a poor out- 

come include microcephaly or findings of cere- 

bral dysgenesis on MRI. 

> GENETIC COUNSELING 

Genetic counseling for families of patients with 

agenesis of the corpus callosum is dependent on 

the underlying diagnosis. If a diagnosis cannot 

be established and the patient has multiple mal- 
formations, a clinical geneticist should be con- 

sulted since there are many single gene disorders 

in which agenesis of the corpus callosum can be 

an occasional feature. Some of these can be in- 

herited in an autosomal recessive or autosomal 

dominant pattern so a specific diagnosis would 

be important prior to future family planning. 

If the patient has isolated agenesis of the cor- 

pus callosum with no evidence of a metabolic 

disorder, then counseling can be provided in the 

postnatal setting. The prognosis may be good 

for the infant once associated anomalies have 

been ruled out and there is room for cautious 
optimism. This reassurance can only be given 

postnatally, however, and only after a thorough 

evaluation since some of the syndromes most 

commonly associated with agenesis of the cor- 

pus callosum, like Aicardi syndrome, would not 

be expected to be associated with any additional 

findings on prenatal ultrasonography. Parents of 

an asymptomatic normal infant are rarely too 

concerned about recurrence risks except for the 

fact that they may again be confronted by ab- 

normal ultrasound findings should they have a 

recurrence. Since familial cases have been re- 

ported, recurrence risks are higher than those 

faced by couples in the general population. Em- 

piric recurrence risk data are not available; an 

estimated risk of 5% would seem reasonable. 
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Crantosynostosis 
BARBARA K. BURTON 

> INTRODUCTION 

Craniosynostosis is the premature fusion of one 

or more cranial sutures, typically resulting in an 

abnormal head shape. Plagiocephaly is a non- 

specific term used to describe an asymmetric 

head shape, which can be the result either of 

certain types of craniosynostosis or of nonsyn- 

ostotic deformation or molding. It is critically 

important to distinguish between the two since 

the treatment is different. Deformational plagio- 

cephaly has become increasingly common as 

infants are routinely placed in the supine posi- 

tion for sleep to reduce the incidence of sudden 

infant death syndrome, and may develop a pref- 

erence to sleep on one side, leading to flatten- 

ing of the head on that side." 

> EPIDEMIOLOGY/ETIOLOGY 

The incidence of craniosynostosis is 1 in 2500 births. 

Sagittal synostosis is the most common type, 

representing approximately 50-60% of all cases. 

It is three to four times more common in males 

than in females and only 6% of cases are familial. 

The frequency of twinning is increased (4.8%) 

and most twin pairs are discordant, suggesting 

that fetal crowding and intrauterine constraint 

may play a role in the etiology of this type of 

craniosynostosis. Aberrant fetal lie is another 
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factor that has been theorized to play a role in 

producing abnormal mechanical forces on the 

fetal head that may lead to sagittal and other 

forms of craniosynostosis. 

Coronal craniosynostosis is the second most 

common type, accounting for 20-30% of cases. 

It is also the type that is most likely to be ge- 

netically determined. Bilateral cases are more 

common than unilateral and coronal synostosis 

is more common in females than in males (sex 

ratio 1:2). Coronal synostosis is more frequently 

associated with other malformations than is 

sagittal synostosis and is more often familial. 

When familial (and not a component of a spe- 

cific malformation syndrome), it is inherited in 

an autosomal dominant pattern with incomplete 

penetrance. Mutations in several different fi- 

broblast growth factor receptor (FGFR) genes 

and in a gene for a transcription factor that reg- 

ulates their function (TWIST1) have been shown 

to be important causes of coronal craniosynos- 

tosis, both in patients with isolated synostosis 

and in various craniosynostosis syndromes 

(Table 12-1.” 

Multiple suture synostosis (the cloverleaf 

skull anomaly) is very often genetically deter- 

mined and often associated with a definable 

gene mutation. Metopic craniosynostosis ac- 

counts for 10-20% of cases of craniosynostosis 

and, like sagittal synostosis, is more common in 

males than in females and is infrequently familial. 
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> TABLE 12-1 Craniosynostosis Syndromes Associated with Mutations in FGFR and TWIST1 Genes 

Mutation 

Sutures Detection 

Disorder Involved Other Features Gene Rate 

Muenke syndrome Unilateral or Some family members FGFR3 100% 

bilateral may have macrocephaly 

coronal only without 

craniosynostosis 

Crouzon syndrome _ Bicoronal or No extracranial manifestations; FGFR2 50-60% 

cloverleaf difficult to distinguish from 

skull isolated coronal 

craniosynostosis in absence 

of a family history. Progressive 

hydrocephalus is common. 

Crouzon syndrome  Bicoronal or Acanthosis nigricans FGFR3 100% 

with acanthosis cloverleat 

nigricans skull 

Jackson-Weiss Bicoronal or Broad and medially deviated FGFR2 Unknown 
syndrome cloverleaf great toes with normal hands 

skull 

Apert syndrome Bicoronal or Syndactyly both hands and both FGFR2 99% 

cloverleaf , ~. feet; cardiac defects in 10%; 

skull mental retardation more 

common than in most of 

the other forms of 

craniosynostosis (50%) 

Pfeiffer syndrome __ Bicoronal or Broad, medially deviated thumbs FGFR1 67% 

cloverleat and great toes; variable ((1-2%) 

skull syndactyly and brachydactyly. FGFR2 

(98-99%) 
Beare-Stevenson Bicoronal or Cutis gyrata and acanthosis FGFR2 Unknown 

syndrome cloverleat nigricans; abnormal ears; 

skull natal teeth; bifid scrotum 
Isolated familial Unilateral or None FGFR2 100% 

coronal bilateral 

synostosis coronal 

Saethre-Chotzen Unilateral or Minor dysmorphic facial TWIST1 70% 
syndrome bilateral features including ptosis; 

coronal ear anomalies; cleft palate; 

common but cutaneous syndactyly; 
ANY sutures 

can be involved 

including 
sagittal 

brachydactyly 



As an isolated finding, it is primarily of cosmetic 
significance. Isolated lambdoidal synostosis is 

the least common type, representing less than 

10% of cases with a male predominance and 

most cases sporadically occurring. 

All forms of craniosynostosis can occur as 

an isolated anomaly or as part of a broader mal- 

formation syndrome. Craniosynostosis can be 

associated with a wide range of chromosome 

anomalies, including deletions, duplications, 

and triploidy. In addition to the dominantly in- 

herited craniosynostosis syndromes typically as- 

sociated with coronal craniosynostosis, there are 

a number of multiple malformation syndromes 

with varying patterns of inheritance that can be 

associated with craniosynostosis of a variety of 

types. Some of these are listed in Table 12-2. 

Craniosynostosis can also occur as a sec- 

ondary finding in a wide variety of different dis- 

orders. These include metabolic disorders such 

as the mucopolysaccharidoses, mucolipidoses, 

and rickets, and hematologic disorders such as 

thalassemia. It has been reported in association 

with several teratogenic syndromes including 
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those related to exposure to diphenylhydantoin, 

retinoic acid, valproic acid, and cyclophosphamide. 

Sutures may fuse prematurely in infants with 

microcephaly but, in this instance, the head 

shape is typically symmetrical so there should 

be no confusion as to which defect is primary. 

> CLINICAL PRESENTATION 

The diagnosis of craniosynostosis is typically 

suspected shortly after birth on the basis of the 

abnormal head shape. The shape of the head 

will vary depending on the suture or sutures in- 

volved. Premature fusion of the sagittal suture 

restricts growth of the head in the lateral direc- 

tion and as a result the head is elongated in the 

anteroposterior (AP) dimension with a promi- 

nent forehead and occiput. This head shape is 

referred to as scaphocephaly or dolichocephaly. 

There may be a palpable ridge over the poste- 

rior aspect of the suture. In contrast, the pre- 

mature fusion of both coronal sutures results in 

a decreased AP diameter to the skull and a high, 

> TABLE 12-2 Syndromes Associated with Craniosynostosis (Excluding those Associated with 

Mutations in FGFR and TWIST1) 

Syndrome Other Clinical Findings Etiology 

Antley-Bixler Choanal atresia; cardiac defect; ambiguous Autosomal recessive 
genitalia; joint synostosis; multiple POR, 7q11.2 

fractures 

Baller-Gerold Absent thumbs; radial aplasia; growth Autosomal recessive 

deficiency RECQL4, 8q24.3 

Carpenter Ear anomalies; cardiac defects; genital Autosomal recessive 

defects; polydactyly 
Major and minor anomalies in multiple Chromosome anomalies 

organ systems 

Gorlin-Chaudhry-Moss Hirsutism; deafness; microphthalmia; 

Deletions, duplications, 
triploidy 

Autosomal recessive 

high-arched palate; short stature 

Opitz C Trigonocephaly (metopic synostosis only); Unknown 

dysmorphic facies; hypotonia 

Shprintzen-Goldberg Proptosis; hypertelorism; arachnodactyly; 

marfanoid habitus 

Unknown in most cases 

Autosomal dominant 

FBN1, 15q21.1 

(a few cases) 

Il 
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Figure 12-1. Infant with bilateral coronal craniosynostosis. Note the decreased anteroposte- 

rior diameter to the skull and the high broad forehead. 

wide forehead. This skull shape is referred to as 

brachycephaly (Fig. 12-1 A and B). If only one 

coronal suture is fused, the head shape and face 
will be asymmetrical, or plagiocephalic, with 

flattening of the forehead and elevation of the 

eyebrow on the involved side. Combined fu- 

sion of both coronal and sagittal sutures leads 

to a very tall pointed skull shape referred to as 

acrocephaly. In extreme cases of multiple su- 
ture synostosis, the cloverleaf skull appearance 

or Kleeblattschadel anomaly is observed with all 

sutures fused and brain growth progressing 

through the open anterior and parietal foram- 

ina. This is frequently accompanied by signs of 

increased intracranial pressure, such as optic at- 

rophy, proptosis, and visual loss. Premature fusion 

of the metopic suture leads to a triangular 

shaped skull, referred to as trigonocephaly. Iso- 

lated lambdoidal craniosynostosis is uncommon 

but results in a trapezoidal head shape with lit- 

tle change in the facial appearance. 

> EVALUATION 

When the diagnosis of craniosynostosis is clear 

on clinical grounds, as is often the case, direct 

referral to a plastic surgeon or neurosurgeon 

Gdeally in a multidisciplinary craniofacial center) 

may be the best first step since early surgery will 

be warranted in many cases. Three-dimensional 

computed tomography (3-D CT) scanning of the 



craniofacial structures will need to be obtained 
preoperatively and it may be best to defer or- 
dering the testing until the patient has had a sur- 
gical evaluation. If there is a question about the 
diagnosis, then it may be necessary to obtain the 
studies earlier. Plain skull radiographs can be 
helpful but are not always able to distinguish 
overlapping sutures from synostotic ones. 

Distinguishing craniosynostosis from defor- 

mational plagiocephaly can usually be accom- 

plished on clinical grounds. Although it often 

does not develop until later, deformational pla- 

giocephaly can be present at birth if the fetus 

has been compressed unevenly in utero during 

late fetal life. It often accompanies torticollis, in 

which the sternocleidomastoid muscle is shorter 

or tighter on one side of the neck, causing the 

head to tilt toward the affected muscle. This 

leads the infant to preferentially turn the head 

to one side when placed in a supine position 

for sleep, progressively leading to flattening of 

the head. Physical therapy and repositioning 

are usually successful in managing this problem 

with cranial orthotics reserved for the most se- 

vere cases. 
The evaluation of the patient with a clinical 

diagnosis of craniosynostosis should include the 

following: 

1. Careful physical examination to determine 

the presence or absence of other associated 

anomalies. Particular attention should be paid 

to the extremities since many of the geneti- 

cally determined craniosynostosis syndromes 

are associated with syndactyly, brachydactyly, 

or abnormalities of the digits such as broad or 

medially deviated thumbs or great toes. 

2. 5-D CT scan of the craniofacial structures. 

In some cases, this may be deferred until 

surgical consultation is obtained since it is 

often preferable to obtain this study near 

the time of corrective surgery. If there is a 

severe deformity, neuroimaging should be 

obtained immediately since hydrocephalus 

might be present. This should also be done 

in any patient who obviously has syndromic 
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craniosynostosis because of the high inci- 

dence of hydrocephalus accompanying con- 

ditions like Apert and Pfeiffer syndromes. 

3. Referral to a multidisciplinary craniofacial 

center if available; otherwise referral to a 

plastic surgeon, neurosurgeon, or both 

4. Ophthalmologic consultation if bicoronal or 

multiple suture involvement is present or there 

is suspicion of increased intracranial pressure. 

5. Testing for mutations in FGFR genes and 

TWIST1 (Table 12-1) in patients with unilat- 

eral or bilateral coronal synostosis or multi- 

ple suture involvement. The utility of this in 

patients with sagittal synostosis is a subject 

of debate but an occasional patient will be 

found to have a mutation. 

6. Blood for chromosome analysis in any pa- 

tient with craniosynostosis and multiple 

anomalies. If normal, consider telomeric 

FISH or microarray analysis. 

> MANAGEMENT AND PROGNOSIS 

The treatment of craniosynostosis is primarily 

surgical with the goal of restoring normal cran- 

iofacial shape and growth. In the case of single 

suture synostosis, the brain typically has enough 

room to grow without the patient suffering neu- 

rologic damage, but at the expense of causing 

significant craniofacial deformity. With multiple 

suture involvement, particularly both coronal 

and sagittal, brain growth is impaired and a va- 

riety of neurologic and ophthalmologic compli- 

cations may ensue if treatment does not proceed 

in a timely fashion. Depending on the severity 

of the condition, surgery may be performed in 

the first few weeks or months of life or later in 

the first year of life. Most patients with involve- 

ment of a single suture are successfully treated 

with a single operation. Approximately 10% 

require a second operation.* Repeat surgery 

is required more commonly in patients with 

syndromic craniosynostosis (27%) than in 

those with nonsyndromic forms of the disorder 

(5-6%). 
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A variety of surgical techniques are in use. 

Most involve removing the aberrant portion of 

the bony calvarium from the underlying dura, 

including the area surrounding the synostotic 

sutures. The new bony calvarium and sutures 

usually reform normally within 5-8 weeks. Sur- 

gical complications are uncommon. In one large 

series 87.5% of patients were considered to have 

an adequate craniofacial appearance following 

surgery.’ The long-term outcome for patients 
with syndromic forms of craniosynostosis varies 

depending on the specific diagnosis. Some dis- 

orders, such as Apert and Pfeiffer syndrome, are 

commonly associated with mental retardation 

which may be unrelated to the craniosynostosis 

and its treatment. Hydrocephalus is also a much 

more common accompaniment of the syndromic 

forms of the disorder, occurring in at least 40% 

of patients with Crouzon, Apert, and Pfeiffer 

syndromes.’ In contrast, it is rarely observed in 

nonsyndromic craniosynostosis. Patients with 

nonsyndromic craniosynostosis appear to be at 
increased risk of speech, cognitive and behavy- 

ioral abnormalities with increasing age with 49% 

of patients manifesting some problems in these 

areas at 6 years of age.° There is no evidence 

that these problems are relative to the timing of 

surgery. Indeed, there is no convincing evidence 

that surgical treatment impacts the cognitive out- 

come of patients with single suture synostosis at 

all. In these patients, surgery is primarily of cos- 

metic benefit. 

> GENETIC COUNSELING 

Genetic counseling for families of patients with 

craniosynostosis will be dependent on the spe- 

cific diagnosis. If a mutation is identified in an 

FGFR gene or TWIST, then parents can be tested 

to determine if they carry the same mutation. If 

a parent carries a mutation in one of these au- 

tosomal dominant genes, then there is a 50% 

risk in each pregnancy of transmitting the gene 

to the child. The specific phenotype will de- 

pend on the diagnosis in the index case and the 

nature of the mutation. For example, a parent 

with Apert syndrome has a 50% risk of having a 

child with Apert syndrome only and the gene is 

fully penetrant. He or she is not at risk for hav- 

ing a child with any of the other craniosynosto- 

sis syndromes. The same is true for a parent 

with a TWIST mutation and the Saethre-Chotzen 

syndrome, although that disorder is associated 

with a phenotype that is considerably more vari- 

able than is Apert syndrome. In some cases, the 

risk of craniosynostosis in a subsequent child 

may be considerably less than 50%, even if the 

parent carries the mutation; because of issues 

related to reduced penetrance in disorders like 

nonsyndromic coronal synostosis and Muenke 

syndrome. If a newborn is found to have an au- 

tosomal dominant new mutation with neither 

parent being a carrier, then the risk in future 

pregnancies is 1%. Prenatal diagnosis should 

still be offered by amniocentesis or chori- 

onic villus sampling since either technique 

can be combined with DNA analysis to de- 

tect the causative mutation in either familial or 

de novo cases in which a specific mutation has 

been detected. This should be combined with 

ultrasonography to visualize the craniofacial 

structures. 

In the case of isolated single suture synosto- 

sis with no definable mutation, and no other as- 

sociated malformations, a multifactorial etiology 

is most likely. Although nongenetic factors such 

as intrauterine constraint may play a role, there 

is an increased risk in siblings, suggesting that 

genetic predisposition may also be a factor. 

Parents should be counseled that they are at in- 

creased risk in future pregnancies when com- 

pared with couples in the general population. 

Recurrence risks after a single case are typically 

in the range of 5% or less. When recurrences 

occur, the same suture is most commonly but 
not invariably involved. There are examples of 
families with one child with sagittal synostosis 
and another with coronal synostosis. Prenatal 
ultrasonography for visualization of the cranio- 
facial structures should be offered in future 
pregnancies. 
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> INTRODUCTION 

Orofacial clefts (cleft lip [CL], cleft palate [CP]}) 

are among the most common of all major birth 

defects. CL may occur either in association with 

CP or in the absence of CP, and is generally re- 

ferred to as “cleft lip with or without cleft palate” 

(CL/P). CL/P is etiologically and genetically dis- 

tinct from CP, which typically occurs without as- 

sociated CL. CL/P and CP may occur as isolated 

congenital anomalies (nonsyndromic orofacial 

clefts) or as components of genetic disorders or 

syndromes. 

> EPIDEMIOLOGY/ETIOLOGY 

The overall incidence of CL with or without cleft 

palate is approximately 1/1000, ranging from 

1/500 to 1/2500 in different populations, vary- 
ing with geographic location, ethnic group, and 

socioeconomic conditions.’ CL may be unilat- 

eral (80%) or bilateral (20%) and when unilat- 

eral, it is more common on the left side (70%). 

Approximately 85% of cases of bilateral CL and 

70% of unilateral CL are associated with CP. The 

incidence of isolated CP is approximately 1 in 

25007 and Robin sequence occurs in approxi- 

mately 1 in 14,000 live births.* 
Both genetic and environmental factors are 

thought to play important roles in the causation 
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of orofacial clefts (multifactorial inheritance). It 

is likely that there are multiple genes that may 

play a role in cleft malformations. In addition to 

single gene disorders that cause syndromic 

forms of orofacial clefts, it has been estimated 

that at least six genes, and possibly many more, 

could be involved in the development of non- 

syndromic orofacial clefts.*” It has been sug- 

gested that causation does not involve “major 

genes” but rather the combination of many genes, 

each conferring only a small risk, in conjunction 

with a significant environmental component.° 

Results of a number of studies suggest that in- 

volvement of the pathways of folate metabolism 

may play a role in the etiology of orofacial clefts.’ 

Some studies have suggested that women with a 

specific mutation (C677T) in the methylenete- 

trahydrofolate reductase (MTHFR) gene have an 

increased risk of having an offspring with an 

orofacial cleft.”* 

Many epidemiological studies have demon- 

strated a relation between specific environmen- 

tal factors and teratogens and the development 

of orofacial clefts. Environmental factors such as 

cigarette smoking appear to play a role in the 

occurrence of these malformations.’ Alcohol use 

in pregnancy increases the risk of CL/P but not 

CP only.” The anticonvulsants phenytoin and 

valproic acid are associated with an increased 

risk for a variety of congenital anomalies includ- 

ing orofacial clefts.’° It is unclear whether CP 
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occurring in association with CL results from me- 

chanical deformation or from genes or environ- 

mental factors that affect development of both 

the lip and palate. 

> EMBRYOLOGY 

Between the fourth and eighth week of embry- 

ologic development, the upper lip and palate 

form from the migration and connection of three 

bilateral processes (nasomedial, nasolateral, max- 

illary) derived from cells of neural crest origin. 

Clefting occurs when there is failure of fusion or 

diminished mesenchymal penetration between 

these migrating embryological processes. 

The embryology of CL and CP is for the most 

part distinct. CL is a unilateral or bilateral gap in 

the upper lip and jaw, which form during the 

third through seventh week of embryonic de- 

velopment. CP is a gap in the hard or soft palate, 

which forms from the 5th through 12th weeks 

of development. CP may result from defective 

growth of the palatine shelves or failure of ele- 

vation or fusion of the shelves. In some cases, 

hypoplasia of the mandibular area prior to 9 weeks 

of development may allow the tongue to be 

posteriorly located, impairing the closure of the 

posterior palatal shelves and resulting in the 

formation of a U-shaped CP (Robin sequence— 
see later). 

> ASSOCIATED ANOMALIES AND 
SYNDROMES 

Cleft Lip with or without 

Cleft Palate 

Approximately 70% of cases of CL with or with- 
out CP occur as isolated abnormalities (nonsyn- 

dromic CL/P) and 30% as part of more than 

300 multiple malformation syndromes, chromo- 

some abnormalities, teratogenic conditions, and 

inherited single-gene disorders.* Some of the 

more common genetic disorders and syndromes 

> TABLE 13-1 Genetic Disorders Associated 

with Cleft Lip with or without Cleft Palate 

Amnion rupture sequence 

Crouzon syndrome 
Deletion 4p syndrome 
Ectrodactyly-ectodermal dysplasia (EEC) 

syndrome 

Fetal alcohol syndrome 
Fetal hydantoin syndrome 

Fetal valproate syndrome 

Fryns syndrome 
Hay-Wells ectodermal dysplasia 

Oral-facial-digital syndrome 

Trisomy 13 

Van der Woude syndrome 

in which CL/P frequently occur are listed in 

Table 13-1. 

Among the most common single-gene dis- 

orders associated with CL/P, Van der Woude 

syndrome (VWS) is an autosomal dominant dis- 
order caused by mutations in the IRFG gene. In- 

dividuals with VWS have congenital lower lip 

fistulae (pits) or sometimes small mounds (usu- 

ally bilateral), CL, or CP, each alone or in any 

combination of the three anomalies (Fig. 13-1). 

Orofacial clefts are a frequent occurrence in 

a number of ectodermal dysplasia syndromes. 

Figure 13-1. Pits in lower lip of individual with 
Van der Woude syndrome. (Used with permis- 
sion from Dr. Jeffrey Murray, University of lowa. ) 



These disorders involve abnormalities of the 
hair, teeth, and skin. Some ectodermal dys- 
plasias also are associated with congenital limb 
anomalies involving absence of fingers or toes 
(ectrodactyly/split hands and feet). Mutations 
in the TP63 gene cause the ectrodactyly, ecto- 
dermal dysplasia, and cleft lip/palate (EEC) 

syndrome and Hay-Wells anklyoblepharon- 
ectodermal dysplasia—clefting (AEC) syndrome. 

CL with or without palate may occur in a vari- 

ety of chromosome abnormalities, particularly in 

association with partial deletion of the short arm 

of chromosome 4. Deletion 4p syndrome (4p- or 

Wolf-Hirschhorn syndrome) is characterized by 

ocular hypertelorism, broad or beaked nose, mi- 

crocephaly, low-set ears, and CL and/or CP. 

While the vast majority of CL malformations 

are lateral clefts, median or midline clefts (through 

the center of the upper lip) are very rare and rep- 

resent approximately 0.5% of all CL defects. Me- 

dian CL may occur as an isolated anomaly or as 

part of a number of malformation syndromes. 

The most common disorders associated with a 

median CL are holoprosencephaly, Trisomy 13, 

and oral-facial-digital (OFD) syndrome. 

Holoprosencephaly is a malformation in 

which impaired cleavage of the embryonic fore- 

brain is the major feature. Typical craniofacial 

features include hypertelorism, various degrees 

of abnormal nasal development, and occasional 

median CL. Infants with Trisomy 13 may have 

holoprosencephaly and/or median CL. 

Oral-Facial-Digital type 1 syndrome is an 

X-linked dominant disorder affecting mainly 

females, which is characterized by multiple 

frenuli between the buccal mucous membrane 

and alveolar ridge, median CL and/or CP, lobu- 

lated or bifid tongue, and a variety of digital 

anomalies including asymmetric digits, syn- 

dactyly, and polydactyly. 

As previously mentioned, a number of ter- 

atogens may cause CL/P including alcohol, 

phenytoin, and valproic acid. Each of these 

teratogens is associated with characteristic 

craniofacial features and a variety of congeni- 

tal anomalies most commonly including digital 
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> TABLE 13-2 Genetic Disorders Associated 

with Cleft Palate 

22q11.2 deletion syndrome and other 

chromosome abnormalities 

Fetal alcohol syndrome 

Hay-Wells ectodermal dysplasia 
Kniest dysplasia 

Oto-Palato-digital syndrome 
Robin sequence 

Spondyloepiphyseal dysplasia congenita 
Stickler syndrome 

Treacher Collins syndrome 
Van der Woude syndrome 

abnormalities, congenital heart defects, and gen- 

itourinary anomalies. 

Cleft Palate 

Approximately 15-50% of infants with CP without 

CL have additional congenital abnormalities and 

there are a number of specific genetic disorders 

in which CP is a frequent finding (Table 13-2). 

One of the disorders most frequently associ- 

ated with CP is the 22q11.2 deletion syndrome. 

This syndrome is caused by a submicroscopic 

deletion of chromosome 22 detected by /luo- 

rescence in situ hybridization (FISH). With an 

incidence of 1/4000, 22q11.2 deletion syndrome 

is the most common chromosome microdele- 

tion syndrome and one of the most common of 

all recognized genetic disorders. The most fre- 

quently observed features of this disorder in- 

clude congenital heart defects, particularly 

conotruncal defects (tetralogy of Fallot, inter- 

rupted aortic arch, ventricular septal defect), 

palatal abnormalities (CP, abnormal velopha- 
ryngeal musculature and function), hypocal- 

cemia, immune deficiency, and characteristic fa- 

cial features (Table 13-3). 
The 22q11.2 deletion syndrome includes the 

phenotypes previously described as DiGeorge 

syndrome (heart defects, hypocalcemia, absent 

or hypoplastic thymus) and velocardiofacial 
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> TABLE 13-3 Clinical Features of 22q11.2 Deletion Syndrome 

Findings % Affected 

Congenital heart defects (total) 

Tetralogy of Fallot 

Interrupted aortic arch 

Ventricular septal defect 

Truncus arteriosus 

Other 
Palatal abnormalities (total) 

Overt cleft palate 

Other 
Immune defects 

Hypocalcemia 

Renal anomalies 

Characteristic facial features 

Minor ear anomalies 

Prominent nose 

Narrow palpebral fissures 

Retruded mandible 

Flattened malar area 

Slender fingers 

Feeding problems 

Learning problems 

74% 
22% 

15% 
13% 

7% 
17% 

69% 
11% 

58% 
77% 

50% 

37% 
Majority 

63% 
30% 
90% 

syndrome (VCFS). More than 95% of individuals 

with typical clinical features of 22q11.2 deletion 

will have detectable deletions by FISH testing. 

A small number of individuals with the 22q11.2 

phenotype have a deletion of chromosome 10p13. 

The 22q11.2 deletion syndrome is inherited in 

an autosomal dominant fashion. Approximately 

90% of affected individuals have a de novo (new) 
deletion and 10% have an inherited deletion from 

a parent. Offspring of affected individuals have a 

50% chance of inheriting the deletion. 

The combination of CP (frequently U-shaped), 

micrognathia (small mandible), and glossopto- 

sis (tongue retroposition into the pharyngeal 

airway resulting in variable degrees of obstruc- 

tion and respiratory distress) was first described 

by Pierre Robin in 1923'' and is referred to as 

Pierre Robin syndrome or Robin sequence. 
While the classic definition of Robin sequence 

requires the presence of all three findings, var- 

ious authors have advocated other definitions 

allowing for the presence of only two findings, 

most commonly micrognathia and CP without 

glossoptosis.'* 

Robin sequence often occurs as an isolated 

condition in otherwise normal individuals, but it 

may also occur with additional nonspecific con- 

genital anomalies or as one feature in more than 

40 genetic disorders.'? In one study, Robin se- 
quence occurred as an isolated finding in 48% of 

cases, with additional anomalies in 17% of cases, 

and as part of an identifiable syndrome in 35% 

of cases.'* The most common genetic disorders 

associated with Robin sequence are 22q11.2 

deletion syndrome, Stickler syndrome, and 

Treacher Collins syndrome (see Micrognathia). 

Stickler syndrome is an autosomal dominant 

connective tissue disorder caused by mutations in 

one of the three collagen genes (COL2A1, 

COL11A1, and COL11A2). The most common 

features include ocular findings (myopia, cataract, 

retinal detachment), hearing loss (conductive and 



sensorineural), midfacial underdevelopment, and 

CP or Robin sequence. A mild spondyloepiphy- 

seal dysplasia or early arthritis may develop dur- 

ing later childhood and adulthood. 

CP may be a finding in a number of skeletal 

dysplasias and conditions with digital anomalies. 

Spondyloepiphyseal dysplasia congenita and 

Kniest dysplasia are autosomal dominant skele- 

tal disorders characterized by disproportionate 

short stature with vertebral and long bone ab- 

normalities and variable non-skeletal anomalies 

including CP. Oto-Palatal-Digital syndrome is an 

X-linked disorder associated with deafness, broad 

distal digits with short nails, and CP. 

> EVALUATION 

The evaluation of an infant with an orofacial cleft 

requires a detailed family and prenatal history and 

physical examination. A family history of orofacial 

clefts and/or lip pits may suggest the possibility of 

CL/P 
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a heritable form of clefting such as Van der Woude 

syndrome, A prenatal history of maternal alcohol 

use or treatment with anticonvulsant medications 

should prompt an evaluation for other anomalies 

associated with exposure to these teratogens. 

An approach to the evaluation of CL/P is il- 

lustrated in Fig. 13-2. In the cases of apparent 

isolated CL/P without other anomalies, dysmor- 

phic features, or known teratogenic exposures, 

no additional evaluation or testing may be indi- 

cated. Chromosome analysis should be obtained 

in any infant with additional congenital anom- 

alies or dysmorphic features. Evaluation for spe- 

cific syndromes associated with CL/P should be 

pursued based upon the clinical findings. 

The general approach to the evaluation of an 

infant with CP is similar to that of an infant with 

CL/P with some additional considerations (Fig. 

13-3). Due to the frequency and phenotypic vari- 

ability of 22q11.2 deletion syndrome, FISH test- 

ing should be considered in any infant with a CP, 

including an infant with an isolated CP. 

Lip Pits or Family History of No Other Anomalies or Other Anomalies and/or 
Pits and CL Dysmorphic Features Dysmorphic Features 

Van der Woude Syndrome 

Trisomy 13 

Deletion 4p Syndrome 
Other Chromosome 

Abnormalities 

Isolated CL/P 

Abnormal Karyotype 

Obtain Chromosome Analysis 

Normal Karyotype 

Evaluate for 

Specific Syndromes 
Based Upon Clinical 

Findings 

Figure 13-2. Algorithm for evaluation of an infant with cleft lip with or without cleft palate. 
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No Other Anomalies 

| 
Fish for 22q11.2 Deletion | 

Isolated 22q11.2 Deletion 
CP 

Abnormal: 

Stickler Syndrome 

Isolated Robin Sequence 

Fish for 22q11.2 Deletion 

: 

ii 
Normal 

Eye Exam 

Hearing Screen 

CP or Robin Sequence + 

Other Anomalies 

Chromosome Analysis 
Fish for 22q11.2 Deletion 

Abnormal: Normal: 

22q.11 Deletion Evaluate 

Other Chromosome for Other 

Abnormalities Syndromes 

Normal: 

Isolated CP 

Figure 13-3. Algorithm for evaluation for an infant with cleft palate. 

The diagnosis of 22q11.2 deletion should be 

particularly considered in infants with a CP and a 

congenital heart defect with or without hypocal- 

cemia), and in infants with Robin sequence. All in- 

fants with a confirmed diagnosis of 22q11.2 dele- 

tion should have particular baseline diagnostic 

tests and evaluations (Table 13-4) and long-term 

multidisciplinary follow-up. Any infant with Robin 

sequence in which 22q11.2 deletion syndrome has 

been excluded should have a baseline ophthal- 

mology exam and hearing screening to evaluate 

for abnormalities associated with Stickler syn- 

drome. Molecular testing is available for confir- 

mation of a suspected diagnosis. 

> MANAGEMENT AND PROGNOSIS 

The clinical management of orofacial clefts re- 

quires a multidisciplinary approach involving cran- 

iofacial surgeons, dentists, orthodontists, speech 

therapists, otolaryngologists and clinical geneticists. 

Surgical repair of CL is usually performed at 2-3 

months of age while repair of CP is typically per- 

> TABLE 13-4 Evaluation of Infant with 

22q11.2 Deletion Syndrome 

Echocardiogram 

Renal ultrasound 

Calcium level 
Immunology evaluation including quantitative 

and qualitative T and B cell studies 

Hearing screening 

Feeding evaluation if cleft present or 

symptoms of feeding problems 

Evaluation for early intervention services 

during first few months of life 

formed at 8-12 months of age. Infants with CP are 

at risk for recurrent otitis media and conductive 

hearing loss and should be monitored accordingly. 

GENETIC COUNSELING 

Susceptibility to nonsyndromic CL/P and CP 

likely involves a combination of many genes 

and environmental components. Relatives of pa- 
tients with nonsyndromic CL/P and CP are at an 
increased risk of recurrence with the risk Cin 
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> TABLE 13-5 Recurrence Risks for Nonsyndromic Cleft Lip and Cleft Palate 

Cleft Lip with or without Cleft Palate 
Relationship to Index Case 

Sibs (overall risk) 

Bilateral cleft lip and palate 

Unilateral cleft lip and palate 

Unilateral cleft lip alone 
Children 

Second-degree relatives 
Third-degree relatives 

General population 

cases of CL/P) declining as the degree of rela- 

tionship decreases (Table 13-5). In addition, the 

recurrence risk of CL/P varies based upon the 

severity of the defect, with the greatest risk oc- 

curring when the abnormality is bilateral with 

CP and lower when there is only CL (Table 13- 

5). Recurrence risks for syndromic forms of CL 

and CP are based upon the inheritance pattern of 

the specific disorder. Parental FISH testing should 

be offered for any infant diagnosed with 22q11.2 

deletion syndrome to identify a potentially mildly 

affected and previously undiagnosed parent. 

The use of multivitamins with folic acid is 

currently recommended for all women of re- 

productive age to reduce the risk of neural tube 

defects in offspring and there is now evidence 

from some studies that women taking multivit- 

amins containing folic acid in early pregnancy 

may also be at lower risk of having children 

with orofacial clefts.” However, other studies 

have found no evidence that folic acid is in- 

volved in preventing orofacial clefts, and the is- 

sue remains unresolved.° 
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CHAPTER 14 

Macrognathia 
Brap ANGLE 

> INTRODUCTION 

Micrognathia refers to the appearance of a small 

jaw caused by mandibular hypoplasia (Fig. 14-1). 

Congenital mandibular hypoplasia is a com- 

mon craniofacial anomaly and is highly vari- 

able in its clinical presentation and etiology. It may 

occur as an asymptomatic isolated minor craniofa- 

cial difference or as a severe abnormality causing 

significant medical complications, often with asso- 

ciated anomalies and syndromes. 

> ETIOLOGY/EMBRYOLOGY 

Congenital mandibular hypoplasia may be clas- 

sified as either deformational or malformational. 

A deformation is an abnormal form, shape, or 

position of a body part caused by extrinsic me- 

chanical forces affecting the development of 

otherwise normal tissue.’ Some cases of con- 

genital mandibular hypoplasia may be the re- 

sult of deformation caused by intrauterine con- 

straint. Other cases of congenital mandibular 

hypoplasia are malformations resulting from a 

primary intrinsic growth disturbance. 

The cartilages and bones of the mandibular 

skeleton form from embryonic neural crest cells 
that originate in the mid- and hindbrain regions 

of the neural folds. Mandibular development 

begins early in the fourth week of gestation, as 
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neural crest cells migrate into the future head 

and neck region to initiate branchial arch for- 

mation. The first branchial arch develops two 

elevations, the mandibular and maxillary promi- 

nences. The mandibular prominence forms the 

mandible, and the maxillary prominence forms 

the maxilla, zygoma, and squamous portion of 

the temporal bone. 

Mandibular hypoplasia is believed to result 

from insufficient or defective neural crest pro- 

duction or migration into the first branchial arch 

during the fourth week.* Derivatives of the defi- 

cient ectomesenchyme (specifically the zygomatic, 

maxillary, and mandibular bones) are hypoplastic, 

accounting for the typical facies found in the 

common craniofacial syndromes associated with 

micrognathia. 

> ASSOCIATED ANOMALIES AND 
SYNDROMES 

While mandibular hypoplasia may occur as an 

isolated congenital anomaly, many infants with 

this finding have associated syndromes. More than 

60 syndromes having mandibular hypoplasia as a 

component have been described.? 
The most common disorder associated with 

mandibular hypoplasia is oculo-auriculo-vertebral 

(OAV) spectrum (see Chap. 15). The next most 

common conditions are Treacher Collins syndrome 
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Figure 14-1. Infant with micrognathia. 

(Reprinted from Denny A and Christian A. New 

techniques for airway correction in neonates 

with severe Pierre Robin sequence. J Pediatr. 

147:97-101. Copyright 2005, with permission 

from Elsevier.) 

(TCS) (mandibulofacial dysostosis) and Robin 

sequence (see Chap. 13). Mandibular hypopla- 

sia is also frequently observed in infants with 

chromosome abnormalities. TCS is a craniofacial 

disorder characterized by hypoplasia of the zygo- 

matic bones and mandible, external ear abnormal- 

ities (absent, small, malformed), coloboma of the 

lower eyelid, absence of lower eyelashes, cleft 

palate, and conductive hearing loss. TCS is in- 
herited in an autosomal dominant manner. More 

than 90% of affected individuals have mutations 

in the TCOF1 gene, which is the only gene cur- 

rently known to be associated with TCS. Ap- 

proximately 60% of individuals have the disor- 

der as a result of a new (de novo) mutation in 
this gene. 

Nager syndrome is an autosomal recessive 

disorder with craniofacial features similar to TCS 

and, in addition, is also associated with limb 

defects (most commonly hypoplastic or absent 

thumbs and radial bones). 

> DIAGNOSIS AND EVALUATION 

Identification of micrognathia in an infant requires 

a careful examination for additional craniofacial 

abnormalities and other congenital anomalies. 

The presence or absence of other craniofacial 

features and/or cleft palate can be helpful in 

suggesting the most likely associated disorders 

and directing further evaluation as illustrated in 

Fig. 14-2. In cases of some suspected syndromes 

(e.g., 22q11 deletion), confirmation by genetic 

testing may be possible. However, diagnosis of 

many disorders associated with micrognathia 

can only be made on a clinical basis. 

> MANAGEMENT AND PROGNOSIS 

The degree of mandibular hypoplasia is quite 

variable and, when severe can lead to significant 

functional issues at birth. The majority of infants 

born with micrognathia are either asymptomatic 

or can be treated conservatively by prone posi- 

tioning with anticipation of catch-up mandibular 

growth.* With severe mandibular hypoplasia, 

obstruction at the hypopharynx occurs because 

of the retroposition of the base of the tongue 

into the posterior pharyngeal airway. This may 

cause severe respiratory obstruction with fre- 

quent hypoxic events and resultant poor feed- 

ing. These infants may require more immediate 

and aggressive intervention, including endotra- 

cheal intubation. 

Until recently, tracheostomy has traditionally 

been the most common treatment option for in- 

fants with severe upper airway obstruction. A new 

advancement in the treatment of children with 

congenital mandibular hypoplasia and _ signifi- 

cant upper airway obstruction is mandibular dis- 

traction osteogenesis. Distraction osteogenesis is 

a surgical procedure which involves lengthen- 

ing of the jaw through new bone growth made 

across a bony cut (osteotomy). The objective of 

mandibular distraction osteogenesis is to ad- 

vance the tongue base anteriorly via its muscular 
attachments to the distracted mandible, thus 
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Figure 14-2. Algorithm for identifying causes of mandibular hypoplasia. 

pulling the tongue out of the hypopharynx and 

relieving upper airway obstruction. This procedure 

has proven to be highly successful in neonates 

with severe micrognathia.’ 

Some, but not all, patients may outgrow their 

micrognathia without intervention. Infants with 

deformational hypoplasia have the best progno- 

sis because of the mandibular growth potential 

that is present once the deforming forces have 

been removed. The natural history of mandibular 

growth in patients with isolated Robin sequence 

is typically one of continued development, as 

well. Micrognathia associated with more com- 

plex conditions such as OAV spectrum and TCS 

is more likely to persist over time.*° 

> GENETIC COUNSELING 

In cases of infants who have isolated mild 

mandibular hypoplasia with subsequent self- 

correction, the most likely etiology is intrauterine 

constraint and the recurrence risk appears to be 

low. Severe, isolated mandibular hypoplasia re- 

quiring aggressive interventions (e.g., tra- 

cheostomy, mandibular distraction osteogene- 

sis) is most likely a result of an intrinsic 

malformational process of unknown etiology. 

The recurrence risk in these cases is unknown. 

The recurrence risk for infants with identified 

syndromes is dependent on the inheritance pat- 

tern of the specific disorder. 
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Congenital Anomalies 
Associated with Facial 

Asymmetry 
BraAp ANGLE 

> INTRODUCTION 

Facial asymmetry is often noted shortly after 

birth. If the face is symmetric at rest but asym- 

metric during grimacing or crying, the possibility 

of asymmetric crying facies should be suspected. 

The finding of facial asymmetry at rest with one 

side of the face appearing smaller than the other 

(hemifacial microsomia) is suggestive of more 

complex craniofacial malformations and fur- 

ther evaluation for other disorders should be 

pursued. 

> ASYMMETRIC CRYING FACIES 

Asymmetric crying facies refers to the finding in 

an infant whose face appears symmetrical at 

rest and asymmetric while crying as the mouth 

is pulled downward on one side while not mov- 

ing on the other side (Fig. 15-1). The cause of 

facial asymmetry in this disorder is congenital 

absence or hypoplasia of the depressor anguli 

oris muscle (DAOM) at the corner of the mouth 

on the side that does not move downward.’ 

This may be an isolated abnormality or associated 
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with various cardiovascular, craniofacial, mus- 

culoskeletal, or genitourinary anomalies. 

> ETIOLOGY AND INCIDENCE 

The orofacial muscles are the first to develop in 

the body and arise from the second pharyngeal 

pouch between the eighth and ninth weeks of 

embryonic development. The DAOM originates 

from the oblique line of the mandible and ex- 

tends upward medially to the orbicularis oris, 

blending into the fibers of the opposite side, at- 

taching to skin and mucous membrane of the 

lower lip. It draws the lower corner of the lip 

downward and laterally. Innervations derive 

from the buccal and mandibular branches of the 

facial nerve. Aplasia or hypoplasia of DAOM re- 

sults in the lack of downward movement of the 

lip on the affected side. The underlying cause 

of failure of muscle development is unknown. 

The frequency of asymmetric crying facies 

ranges from 1 in 160 to 1 in 350 neonates.” 
There is an unequal sex distribution with a male- 

to-female ratio of 2:1, and left-sided defects 

predominate.*” 
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Figure 15-1. A. Facial symmetry at rest. B. On crying, the right corner of the infant’s mouth is 

drawn downward while the left corner does not move due to hypoplasia of DOAM on left side, 

resulting in asymmetric crying facies. (Reprinted with permission from Caksen H. Indian Pediatrics. 

2000;37:1385.) 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Cayler° reported an association between hy- 

poplasia of DAOM and congenital heart disease 

and coined the term “cardiofacial syndrome.” 

A number of retrospective studies have found a 

very high frequency of additional anomalies 

(45-70%), including a high incidence of heart 

defects (44%) and ear or other craniofacial 

anomalies (48%), as well as skeletal (22%) and 

genitourinary tract (24%) anomalies.” However, 

prospective studies suggest that hypoplasia of 

DAOM is an isolated finding in most cases but 

may be associated with other congenital anom- 

alies, particularly cardiovascular anomalies.?* 

The greater occurrence of additional anomalies 

in retrospective studies may result from selection 

bias. Asymmetric crying facies has been reported 

in a number of individuals with 22q11 deletion 
syndrome, most of whom have associated car- 
diac defects.” 

> EVALUATION 

The diagnosis of asymmetric crying facies may 

be suspected when the face is symmetrical at 

rest but while crying one corner of the mouth 

does not move downward and outward sym- 

metrically with the other. Palpable thinning of 

the lateral portion of the lower lip is usually 

present on the affected side. 

Hypoplasia of DAOM must be differentiated 

from a seventh cranial nerve palsy of traumatic 

or congenital origin. Seventh nerve palsy may 

be associated with abnormalities of eye closure, 

forehead wrinkling, or other cranial nerve palsies 

such as sixth nerve palsy (Moebius syndrome). 

Forehead wrinkling, eye closure and tearing are 

symmetrical in infants with hypoplasia of DAOM. 

Careful physical examination with particular 

attention to the craniofacial features and cardio- 

vascular exam is warranted. An echocardiogram 

should be considered in view of the association 
with congenital heart defects. Other screening 
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evaluations, including renal ultrasound and 
skeletal x-rays should be considered if there are 
any abnormalities of the musculoskeletal sys- 
tem or genitalia on physical examination. 

> PROGNOSIS 

Hypoplasia of DAOM does not interfere with 

sucking or smiling and does not cause drooling. 

The asymmetry usually improves with age as 

other facial muscles dominate facial expression 

but may persist into adulthood. 

> GENETIC COUNSELING 

The observation of affected first-degree rela- 

tives in some families has suggested possible 

autosomal dominant inheritance with variable 

expressivity, but most cases of asymmetric cry- 

ing facies likely have a complex multifactorial 

cause with a low recurrence risk. 

> HEMIFACIAL MICROSOMIA AND 
OCULO-AURICULO-VERTEBRAL 
SPECTRUM 

Facial asymmetry noted at birth may reflect un- 

derdevelopment of the facial bones and/or soft 

tissue on one side. Various abnormalities of ear 

development frequently accompany this abnor- 

mality. In the 1960s, the term hemifacial micro- 

somia was used to define this condition which 

affects mainly aural, oral, and mandibular de- 

velopment.'° The occurrence of these features 

with the additional finding of epibulbar der- 

moid tumors of the eye and, in some cases, 

vertebral abnormalities was designated as Gold- 

enhar syndrome." Subsequently, the term oculo- 

auriculo-vertebral (OAV) spectrum has been 

used to encompass the variable phenotypes of 

this complex.'° 
The major features of OAV spectrum include 

facial asymmetry, maxillary, zygomatic, and 

mandibular hypoplasia (especially the ramus and 

condyle), microtia to absence of the pinna, preau- 

ricular tags and sinuses, atretic auditory canal and 

middle ear anomalies, and vertebral anomalies 

(Fig. 15-2). Vertebral anomalies occur in up to 

60% of individuals, including hypoplastic or 

fused vertebrae and hemivertebrae, and most 

commonly involve the cervical region. Ocular 

defects include epibulbar dermoid tumors in 

35% of cases, iris colobomata, microphthalmia, 

and other ocular findings.'? Hearing loss is 

common, including both conductive and 

Figure 15-2. Note facial asymmetry with hy- 

poplasia of the malar and mandibular regions 

and small, malformed auricle. (Reprinted with 

permission from Farraris S, Silengo M, Ponzone A, 

et al, Goldenhar anomaly in one of triplets derived 

from in vitro fertilization. Am J Med Genet. 

1999;84;167-8. Reprinted with permission of Wiley- 

Liss Inc., a subsidiary of John Wiley & Sons, Inc.) 
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sensorineural types. The disorder varies from 

mild to severe, and involvement is usually uni- 

lateral (70%) with right sided preponderance. 

> ETIOLOGY AND INCIDENCE 

The incidence of OAV spectrum is approxi- 

mately 1/3000-1/5600 live births with a male pre- 
ponderance of 3:2.'° Embryologically, the OAV 

defects have been described as defects of devel- 

opment of the first and second branchial arches. 

The first pair of arches are involved in the for- 

mation of facial bones (maxilla, zygoma, 

mandible, and ear ossicles), related muscles and 

ligaments, and cranial nerves V and VII. How- 

ever, this mechanism does not explain the 

anomalies of the brain, heart, kidneys, or spine 

that are commonly associated with the cranio- 

facial anomalies (see below). It has been sug- 

gested that the OAV spectrum is a disorder of 

blastogenesis and the developing midline, oc- 

curring during the first 4 weeks of embryonic 

development.'* 

OAV appears to be an etiologically het- 

erogenous disorder. Teratogenic effects have 

been identified as this condition has been noted 

in infants of diabetic mothers, in fetal alcohol 

syndrome, and in infants exposed to retinoic 

acid. In addition, multiple chromosome abnor- 

malities have been identified in infants with fea- 

tures of the OAV spectrum. 

> ASSOCIATED MALFORMATIONS 

In addition to craniofacial and vertebral abnor- 

malities, visceral anomalies including cardiac 

(5-30%) and renal defects may occur in the OAV 

spectrum. The most common cardiac defects are 

ventricular septal defect and patent ductus arte- 

riosus. Renal anomalies include renal agenesis, 

ectopic or fused kidneys, vesicoureteral reflux, 

ureteropelvic junction obstruction, and multicys- 

tic dysplastic kidneys. A wide range of central 

nervous system (CNS) defects occur occasionally, 

including hydrocephalus, Chiari malformation, 
and agenesis of the corpus callosum. 

> TABLE 15-1 Recommended Diagnostic 

Studies for Evaluation of Oculo-Auriculo- 

Vertebral Spectrum 

Echocardiogram 

Renal ultrasound 

Vertebral x-rays 
CNS imaging (if abnormal neurological 

findings) 
Hearing evaluation 

Ophthalmology evaluation 

Chromosome analysis 

> EVALUATION 

A detailed prenatal history should be obtained 

to identify any maternal drug exposures or dia- 

betes mellitus. Because of the complexity of this 

spectrum, infants with craniofacial features of OAV 

spectrum should undergo a systematic search for 

associated skeletal or visceral malformations, as 

well as hearing and ophthalmologic evaluations 

(Table 15-1). In addition, chromosome analysis is 

warranted to exclude the possibility of a chromo- 

some abnormality as a cause of the congenital 

anomalies. 

> PROGNOSIS 

Plastic surgery may be warranted in cases with se- 

vere facial deformities or ear anomalies. Hearing 

evaluations in early infancy are important to iden- 

tify any significant hearing loss. Most individuals 

have normal intelligence in the absence of major 

CNS anomalies or a chromosome abnormality. 

> GENETIC COUNSELING 

Most cases of OAV spectrum are sporadic, but 
familial instances with apparent autosomal dom- 
inant inheritance with variable expressivity have 
been reported. As the disorder is most likely ge- 
netically and etiologically heterogeneous, the 
empiric recurrence risk is about 2—3%,. 
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CHAPTER 16 

Ear Anomalies 
BrAaD ANGLE 

> INTRODUCTION 

Abnormalities in the size, shape, structure, and 

position of the external ear are common findings 

in newborn infants. External ear anomalies may 

be minor deformational abnormalities of no seri- 

ous medical consequence or may be significant 

structural abnormalities associated with anom- 

alies of the middle and inner ear, hearing loss, or 

other congenital defects and genetic syndromes. 

Recognition of ear anomalies in a newborn may 

represent an important clue in the diagnosis of 

an underlying genetic disorder or syndrome. 

> EPIDEMIOLOGY/ETIOLOGY 

External ear anomalies of all types, including 

deformations from fetal constraint, occur in al- 

most 20% of all newborn infants.’ Ear pits and 

tags are the most common nondeformational 

minor ear anomalies, occurring with a frequency 

of 5-6 per 1000 live births.” 
Most minor ear anomalies at birth represent 

deformations caused by altered mechanical forces 

affecting the development of otherwise normal 

tissue. The most common cause of the deforma- 

tion is uterine constraint. Intrauterine constraint 

can result in flattening of the ears leading to the 

appearance of large ears. Asymmetric ear size 

may be the result of torticollis, which causes 
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head positioning on one side and enlargement 

of one ear. 

The most common minor structural ear 

anomalies are preauricular tags and pits. Preau- 

ricular tags (Fig. 16-1), which often contain a 

core cartilage, appear to represent accessory 

hillocks. Preauricular pits (Fig. 16-2) are small 

depressions which may be familial and are twice 

as common in females as in males and more 

common in blacks than whites.* 
Severe malformations of the auricle range 

from microtia (small, underdeveloped, abnor- 

mally shaped ear) (Fig. 16-3) to anotia (complete 

absence of auricular tissue). These malforma- 
tions may be caused by developmental anom- 

alies of the branchial arches which contribute to 

both external ear and middle ear structures. Ap- 

proximately 85% of children with unilateral mi- 

crotia have ipsilateral hearing loss and 15% have 

contralateral hearing loss. Low placement and 

posteriorly rotated positioning of the auricle 

often go together and usually represent a lag in 

morphogenesis, since the auricle is normally in 

that position in early fetal life. 

> EMBRYOLOGY 

The external ear develops in the neck region as 

six auricular hillocks (swellings) surrounding 

the first pharyngeal groove that forms the ex- 

ternal acoustic meatus. Differential growth and 
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Figure 16-1. A preauricular tag indicated by 

arrow. (Reprinted with permission from Jones 

KL, ed. Smith’s Recognizable Patterns of Hu- 

man Malformation. 5th ed., p. 7380. Copyright 

1997, with permission from Elsevier.) 

fusion of the hillocks by the end of the eighth 

week of gestation produces the characteristic 

shape of the auricle. The auricle and external 
acoustic meatus appear to migrate up the side 

of the developing face from their original cervi- 

cal location to reach their normal position by 

the fourth month post conception, largely due 

to lower facial and mandibular growth.‘ 

> ASSOCIATED ANOMALIES AND 
SYNDROMES 

External ear anomalies occur as frequent findings 
in over 100 genetic disorders and syndromes, mul- 

tiple chromosome abnormalities, and in infants 

Figure 16-2. A preauricular pit indicated by 

arrow. (Reprinted with permission from Jones 

KL, ed. Smith’s Recognizable Patterns of Hu- 

man Malformation. 5th ed., p. 7380. Copyright 

1997, with permission from Elsevier.) 

with diabetic embryopathy.* Some of the most 
common disorders are listed in Table 16-1. 

Noonan syndrome is one of the common mul- 

tiple congenital anomaly syndromes (incidence 

of 1 in 1000-2500) associated with external ear 

anomalies. Noonan syndrome is an autosomal 

dominant disorder characterized by short stature, 

congenital heart defect (frequently pulmonic 

stenosis), broad or webbed neck, developmen- 

tal delay, and characteristic facies. Typical facial 

features include hypertelorism, downslanting 

palpebral fissures, and low-set, posteriorly rotated 

ears with thickened helices. Approximately 50% 

of affected individuals have a mutation in the 

PTPN11 gene. 
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Figure 16-3. Examples of varying degrees of microtia. (Reprinted with permission from Wang 

RY, Earl DL, Ruder RO, Graham JM, Jr. Syndromic ear anomalies and renal ultrasounds. Pediatrics, 

Vol. 108, e382. Copyright 20071 by the AAP) 

Of particular note, it is important to recog- 

nize that ear malformations are associated with 

an increased frequency of structural renal anom- 

alies compared to the general population.’ This 

is likely due to the fact that ear malformations are 

often associated with specific multiple congenital 

anomaly syndromes that have a high incidence of 

renal anomalies including CHARGE syndrome, (see 

Chap. 17) oculo-auriculo-vertebral (OAV) spectrum, 

branchio-oto-renal (BOR) syndrome, and Townes 

Brocks syndrome (TBS). 

BOR syndrome is characterized by malfor- 

mations of the external, middle, and inner ear as- 

sociated with hearing loss, branchial fistulae and 

cysts, and renal malformations. The branchial 

cysts and fistulae are usually found on the lateral 
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> TABLE 16-1 Genetic Disorders and 

Syndromes with Frequent Ear Anomalies 

Branchio-oto-renal (BOR) 

Cornelia de Lange 

Costello 

CHARGE 
22q11.2 deletion syndrome and other 

chromosome abnormalities 

Diabetic embryopathy 

Kabuki 

Nager 

Noonan 

Oculo-auriculo-vertebral (OAV) spectrum 

Saethre Chotzen 
Smith-Lemli-Opitz 

Townes Brocks 

Treacher Collins 

lower third of the neck at the median border of 

the sternocleidomastoid muscle and occur in ap- 

proximately 60% of patients. Ear anomalies, 

ranging from preauricular pits to severe micro- 

tia, occur in 70-80% of affected individuals. Ap- 

proximately 12-20% of patients have structural 

kidney anomalies. BOR is an autosomal dominant 

disorder caused by mutations in the EYA1 gene. 

TBS is an autosomal dominant disorder 

caused by a mutation in the SALL1 transcription 

factor gene which is expressed in the develop- 

ing ear, limb buds, and excretory organs.° The 

most common findings in TBS are bilateral ex- 

ternal ear malformations, hand malformations 

(typically thumb anomalies), and anal anom- 

alies Gmperforate anus, rectovaginal fistula). 

> EVALUATION 

Examination of the external ear consists of iden- 

tifying abnormalities in the size, shape, and po- 
sitioning of the auricle (Fig. 16-4). Ears are de- 

fined as low-set when the helix meets the 

cranium at a level below that of a horizontal 

plane that is an extension of a line through both 
inner canthi (Fig. 16-5). Ears are described as 

slanted or posteriorly rotated when the angle of 

the slope of the auricle exceeds 15 degrees from 

the perpendicular plane (Fig. 16-5). Ear tags or 

pits are common minor anomalies and may oc- 

cur as isolated findings or in association with 

other auricular abnormalities. 

Any infant with an abnormality of the exter- 

nal ear should have a careful physical examina- 

tion to identify other craniofacial anomalies, fa- 

cial asymmetry, dysmorphic features, or other 

physical abnormalities that may be associated 

with an underlying genetic disorder or syn- 

drome. Based upon the physical exam and/or 

other identified congenital anomalies, additional 

diagnostic studies may be warranted when a 

specific syndrome is suspected (e.g., screening 

for abnormalities associated with CHARGE syn- 

drome or OAV spectrum). All infants with an ex- 

ternal ear anomaly should have an audiology 

evaluation to screen for hearing loss. 

Due to the association of ear and renal anom- 

alies, it has been common practice to obtain a 

renal ultrasound in all infants with any form of 

external ear anomaly. This practice has come 

into question recently with reports showing that 

the prevalence of renal abnormalities in infants 

with isolated minor ear anomalies (preauricular 

pits or tags) is no greater than in those without 

these types of ear anomalies.”° This evidence 

would support the conclusion that renal ultra- 

sonography is not indicated in the routine evalu- 

ation of infants with isolated minor ear anomalies 

in the absence of other congenital anomalies or 

dysmorphic features.*"7* 

> MANAGEMENT AND PROGNOSIS 

Infants with significant structural ear anomalies 

such as severe microtia may be candidates for 

cosmetic surgery later in life. Small peduncu- 
lated ear tags may be removed by ligation or 
surgery. Infants who have associated significant 
hearing loss may benefit from assisted-hearing 
devices. The management of infants with un- 
derlying genetic syndromes is dependent upon 
the associated medical problems. 
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Figure 16-4. Variability of abnormally shaped and positioned ears in different infants. (Reprinted 

with permission from Tellier AL, Cormier-Daire V, Abadie V, et al. CHARGE syndrome: report of 47 cases 

and review. Am J Med Genet. 1998;76:402-9. Reprinted with permission of Wiley-Liss Inc., a subsidiary 

of John Wiley & Sons, Inc.) 

cases of ear anomalies in infants with identified 
genetic disorders, the recurrence risk would 

depend on the mode of inheritance of the spe- 

cific disorder. 

> GENETIC COUNSELING 

Isolated preauricular ear tags and pits are often 

inherited in an autosomal dominant fashion with 

an increased risk for other family members. In 
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Figure 16-5. Landmarks used to define low- 

set and posteriorly rotated ears. (Reprinted 

with permission from Jones KL, ed. Smith’s 

Recognizable Patterns of Human Malformation. 

5th ed., p. 7380. Copyright 1997, with permission 

from Elsevier.) 
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Choanal Atresia 
BRAD ANGLE 

> INTRODUCTION 

Congenital choanal anomalies are uncommon 

but have the potential of life-threatening airway 

obstruction. Choanal atresia is a congenital air- 

way abnormality caused by significant narrow- 

ing of the posterior nasal passages (choanae). 

The condition may be unilateral (40-50%) or bi- 

lateral (50-60%)."? Bilateral choanal atresia pre- 

sents at birth with respiratory distress, while 

unilateral cases may not be detected until after 

the early neonatal period. The condition may 

be an isolated finding but is often associated 

with other minor or major malformations. 

> EMBRYOLOGY/EPIDEMIOLOGY 

The nose is formed by the nasal placodes, which 

are of ectodermal origin and appear at approx- 

imately 3 weeks gestation. The placodes invagi- 

nate during the fifth week of gestation into pits, 

which extend posteriorly to form the nasal cav- 

ity that is separated from the oral cavity by the 

oronasal membrane. This membrane breaks down 

between fifth and sixth weeks of gestation to 

form the posterior choanae. Choanal atresia is 

generally believed to be caused by the failure of 

the oronasal membrane to rupture.? The four 

parts of the anatomic deformity include a narrow 
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nasal cavity, lateral bony obstruction by the lat- 

eral ptyergoid plate, medial obstruction by thick- 

ened vomer, and a membranous obstruction. 

While previous reports have indicated that 90% 

of choanal atresias are bony and 10% are mem- 

branous, recent reviews using computed tomog- 

raphy (CT) have indicated that most atresias are 

mixed and that all membranous atresias have 

some bony component.* 

Choanal atresia occurs in approximately 1 in 

12,000 live births.* Previous reports have sug- 

gested that it is twice as common in females 

than in males, but no significant sex differences 

was noted in an epidemiologic study of three 

large birth defect registries.’ 

> ASSOCIATED ANOMALIES AND 
SYNDROMES 

Approximately 50% of infants with choanal atre- 

sia have other congenital abnormalities.*° Bilat- 

eral choanal atresia is more frequently associated 

with other congenital anomalies than unilateral 

choanal atresia. Approximately 75% of patients 

with bilateral choanal atresia have other associ- 

ated congenital abnormalities.* Other nasal anom- 

alies, cleft palate and other palatal defects, and 

craniosynostosis syndromes (e.g., Crouzon) are 

often seen in patients with choanal atresia.° 
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> TABLE 17-1 Common Genetic Disorders 

Associated with Choanal Atresia 

Achondroplasia 

Brachmann-de Lange syndrome 

CHARGE syndrome 

Chromosome abnormalities 

Craniosynostosis syndromes (including 

Apert, Crouzon, Pfeiffer) 

Treacher Collins syndrome 

Choanal atresia is a frequent component in more 

than 20 syndromes.’ Some of the more common 

disorders are listed in Table 17-1. 

In 1981, Pagon et al.° proposed the acronym 

CHARGE association (Coloboma, Heart anom- 

alies, choanal Atresia, growth or developmental 

Retardation, Genitourinary anomalies, and Ear ab- 

normalities and/or hearing loss) to describe a pat- 

tern of congenital malformations in which choanal 

atresia is a frequent component (Table 17-2). An 

association is a nonrandom cluster of anomalies 

in which the individual components occur to- 

gether more frequently than would be expected 

by chance. While long considered an associa- 

tion, recently it has been accepted that since the 

findings have been sufficiently delineated and a 

consistent recognizable pattern occurs in a sig- 

nificant portion of patients, CHARGE be desig- 

nated a syndrome rather than an association.’ 

The most common and obvious facial fea- 

ture in CHARGE syndrome is an abnormality in 

the shape, size, and/or positioning of the ears 

> TABLE 17-2 Major Features of CHARGE 

Association and Frequencies of Anomalies 

Coloboma 82% 

Heart malformations 74% 

Choanal atresia 54% 

Growth and/or mental 92% 

retardation 

Genitourinary anomalies 

Male 71% 

Female 29% 

Ear anomalies/deafness 91% / 62% 

3h 

Figure 17-1. Abnormal shape and position- 

ing of ear in infant with CHARGE syndrome. 

(Reprinted with permission from Tellier AL, 

Cormier-Daire V, Abadie V, et al. CHARGE syn- 

drome: report of 47 cases and review. Am J Med 

Genet. 1998;76:402-9. Reprinted with permis- 

sion of Wiley-Liss Inc., a subsidiary of John Wiley 

& Sons, Inc.) 

(Fig. 17-1). Additional findings commonly iden- 

tified in individuals with CHARGE syndrome in- 

clude facial palsy, central nervous system ab- 

normalities, and cochleovestibular abnormalities 

(absence or abnormal semicircular canals and 

vestibular dysfunction). 

The minimal criteria for designation of 

CHARGE syndrome has been the subject of much 

debate since Pagon’s original report which sug- 

gested that a diagnosis of CHARGE requires the 

presence of at least four of the defined congeni- 

tal anomalies.° Harris et al.’ suggested that the 

term CHARGE should be restricted to infants with 

multiple malformations and choanal atresia and/or 

coloboma, combined with other major malfor- 

mations (heart, ear, and genital) for a total of at 

least three cardinal malformations. Using these 

criteria, approximately 15-20% of patients with 
choanal atresia and multiple congenital anomalies 
would have a designation of CHARGE syndrome. 
More recently, alternative diagnostic criteria have 



been suggested using a combination of desig- 
nated “major” and “minor” criteria.® 

CHARGE syndrome is a genetically and etio- 
logically heterogeneous disorder. The CHARGE 
phenotype may be observed in infants with a va- 
riety of chromosome abnormalities (including tri- 

somies 13 and 18, and 22q11 deletion syndrome), 
OAV spectrum, and VACTERL association (Vertebral- 

Anal-Cardiac-Tracheo-Esophageal fistula-Renal- 
Zimb anomalies). Until recently, no specific gene 

has been identified as a cause of CHARGE syn- 

drome. In 2004, a microdeletion in chromosome 

8 was identified in a patient and subsequently 
mutations in the CHD7 gene located in this chro- 

mosome region were found in 10 of 17 (59%) 

well-characterized individuals with CHARGE 
syndrome.” 

> DIAGNOSIS AND EVALUATION 

As neonates are obligate nasal breathers, infants 

with bilateral choanal atresia present at birth with 

the immediate onset of respiratory distress and 

cyanosis which is relieved by crying. It can be di- 

agnosed by failure to pass a small 3- to 4-mm 

thick nasogastric catheter through the nose into 

the nasopharynx. Computerized tomography 

is the preferred radiographic test to document 

the specific anatomic details of the obstruction. 

The frequent occurrence of other congenital 

anomalies with choanal atresia dictates a thor- 

ough physical examination and diagnostic screen- 

ing to evaluate for other abnormalities, including 

findings associated with CHARGE syndrome 

(Table 17-3). 
Genetic testing is not indicated in infants with 

isolated choanal atresia but is appropriate in 

cases where other congenital anomalies are iden- 

tified. Chromosome analysis should be obtained 

in all infants who have multiple anomalies and, 

in infants with features of CHARGE syndrome, 

FISH testing for 22q11 deletion is also warranted. 

The option of molecular testing for microdele- 

tions of chromosome 8 or mutations in the CHD7 

gene may be considered in infants suspected of 
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> TABLE 17-3 Diagnostic Evaluation of Infant 

with Choanal Atresia 

Echocardiogram 

Renal ultrasound 

Hearing evaluation 

Ophthalmology exam 

Brain imaging if abnormal neurological exam 

CT of temporal bones to assess inner ear 

abnormalities if high suspicion of CHARGE 
Chromosome analysis in all cases with 

multiple anomalies 

FISH for 22q11.2 deletion if other features 
of CHARGE 

having CHARGE syndrome who do not have 

another identified disorder or chromosome 

abnormality. 

> MANAGEMENT AND PROGNOSIS 

Infants with bilateral choanal atresia require im- 

mediate airway support. Definitive management 

requires surgical resection of bony abnormali- 

ties and/or endoscopic perforation of membra- 

nous deformities followed by stenting, usually 

within the first week of life. Infants with unilat- 

eral choanal atresia usually do not have respi- 

ratory distress and definitive therapy is per- 

formed prior to school age. 

Infants with isolated choanal atresia are ex- 

pected to have a good prognosis. In contrast, 

neonates with CHARGE syndrome have a signif- 

icant mortality rate, especially in the first 2 years 

of life. Poor prognostic factors include severe 

cardiac anomalies, bilateral choanal atresia, and 

CNS abnormalities.'° Infants with CHARGE syn- 

drome are at risk for developmental delay rang- 

ing from mild delays to profound mental retar- 

dation, particularly if CNS anomalies are present. 

> GENETIC COUNSELING 

Most cases of isolated choanal atresia are prob- 

ably multifactorial traits with a low recurrence 

risk (2-3%). Rare familial cases occur with a 
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Coloboma 
Braap ANGLE 

> INTRODUCTION 

A coloboma is an ocular malformation consisting 

of a cleft, notch, gap, hole, or fissure caused by 

absent tissue in the eye. All layers of the eye can 

be involved, including the cornea, iris, ciliary 

body, choroids, retina, and optic nerve. This sec- 

tion will focus on iris coloboma. Iris coloboma 

can occur as an isolated malformation, in con- 

junction with other ocular malformations, or with 

other congenital anomalies and malformation 

syndromes. The most frequently associated ocu- 

lar anomaly is microphthalmia (small globe). 

> EMBRYOLOGY AND INCIDENCE 

Congenital ocular colobomata are caused by 

defects in embryogenesis. The eye derives from 

three embryological germ layers: neuroecto- 

derm, which gives rise to optic vesicle; neural 

crest cells, which migrate to the anterior cham- 

ber of the developing eye; and the ectoderm, 

from which forms the lens placode. Linear in- 

vagination of the optic vesicle at approximately 

30 days gestation results in the formation of a 

double-layered optic cup and gives rise to the 

fetal or choroidal fissure, allowing blood vessels 

from the vascular mesoderm to enter the devel- 

oping eye. The fetal fissure narrows and closes 

during the fifth or sixth week of gestation. 
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Ocular colobomata result from failure of a 
portion of the fetal fissure to close.' The defect 

may appear as a coloboma of one or more oc- 

ular structures including the iris, lens, ciliary 

body, choroid, retina, and the optic nerve. The 

incidence of ocular coloboma is approximately 

1-2.5 per 10,000 births.” 

> ASSOCIATED ANOMALIES AND 
SYNDROMES 

Although most cases of iris coloboma are iso- 

lated congenital anomalies, they frequently oc- 

cur in association with other ocular anomalies 

or with multiple congenital anomalies in many 

well-defined monogenic disorders, chromo- 

some abnormalities, and recognized malforma- 

tion syndromes.’ Some of the more common 

disorders are listed in Table 18-1 and details of 

several of those are discussed below. 

Iris Coloboma with Primary Ocular 

Abnormalities 

Iris coloboma may occur in association with aniridia 

(complete or partial iris hypoplasia). Aniridia may, 

in turn, occur as part of the Wilms tumor-aniridia- 

genital anomalies-retardation (WAGR) syndrome 

caused by deletion of chromosome 11p13 in- 

volving genes associated with anirida (PAX6) and 
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> TABLE 18-1 Genetic Disorders Associated 

with Iris Coloboma 

Primary Ocular Defects 
Wilms tumor-aniridia-genital-retardation 

(WAGR) 
Rieger syndrome 

Lenz microphthalmia 

Multiple Congenital Anomaly Syndromes 

CHARGE 
Walker-Warburg 

Meckel-Gruber 

Rubinstein-Taybi 

Goltz 

Branchio-oculo-facial 

Treacher Collins 

Oculo-auriculo-vertebral spectrum 

Chromosome Abnormalities 

Trisomies 
Trisomy 13 

Trisomy 18 

Trisomy 22 

Duplications ’ 

Duplication 4q+ 
Duplication 9p+ 
Tetrasomy 22p (cat eye syndrome) 

Deletions 

Deletion 4p— (Wolf-Hirschhorn syndrome) 
Deletion 13q— 

Deletion 18q— 

Wilms tumor (WT1). All infants with aniridia re- 

quire further investigation with molecular test- 

ing to identify those that are at increased risk for 

Wilms tumor in infancy and early childhood. 

Iris colobomata are occasionally observed in 

cases of Rieger syndrome, a multisystem auto- 

somal dominant disorder in which anterior seg- 

ment dysgenesis of the eye (Rieger anomaly) is 

accompanied by facial, dental, umbilical, and 

skeletal abnormalities. Infants with Rieger syn- 

drome may have dysmorphic facial features with 

a broad nasal root, maxillary hypoplasia, and a 

prominent lower lip. Failure of involution of the 
periumbilical skin is a cardinal feature consist- 

ing of redundant skin often mistaken for an um- 
bilical hernia. 

iris Coloboma with Multiple 

Congenital Anomalies 

One of the multiple congenital anomaly disorders 

most frequently associated with iris coloboma is 

CHARGE syndrome (see Chap. 17). Approxi- 

mately 80% of infants with CHARGE syndrome 

have an iris coloboma. 

Ocular malformations are a major feature of 

Walker-Warburg syndrome, an autosomal reces- 

sive disorder characterized by brain and eye 

malformations, and congenital muscular dystro- 

phy. The typical central nervous system malfor- 

mation is lissencephaly, although other cerebral 

and cerebellar malformations may be present. 

The most common eye abnormalities are retinal 

malformations, but other ocular defects may be 

present including anterior chamber malforma- 

tions such as Peter anomaly, cataract, coloboma, 

and other defects. Congenital muscular dystro- 

phy is manifested by hypotonia and elevated 

levels of creatine kinase. 

Iris colobomata are frequently observed in 

numerous chromosome abnormalities, including 

a number of common chromosome syndromes 

that have recognizable phenotypes (Table 18-1), 

as well as many nonspecific chromosome aberra- 

tions. In addition to the well-recognized trisomies, 

iris colobomata are characteristically associated 

with one particular chromosome abnormality, 

the so-called “cat eye syndrome.” This chromo- 

some abnormality involves a marker chromo- 

some (small extra chromosome) consisting of 

two identical segments of chromosome 22, thus 

resulting in four copies of chromosome 22 mate- 

rial (tetrasomy 22p). The syndrome is character- 

ized by a variable pattern of anomalies including 

minor facial features of hypertelorism and 

down-slanting palpebral fissures, ear anomalies, 

imperforate anus or other anal anomalies, and 

iris colobomata. The name is derived from the 

characteristic appearance of the iris colobomata. 
Congenital heart defects, particularly total anom- 
alous pulmonary venous return and tetralogy 
of Fallot, and various renal malformations may 
also occur. This chromosome abnormality is 



typically associated with profound mental 
retardation. 

> DIAGNOSIS AND EVALUATION 

An iris coloboma is identified on physical exam as 

an abnormally shaped iris. The typical coloboma 

is usually inferior and nasal in location, involv- 

ing both the pigment epithelium and stroma, 

giving rise to the so-called “keyhole” or “tear drop” 

pupil (Fig. 18-1). 

A diagnostic approach to the evaluation of 

an infant with an iris coloboma is illustrated in 

Fig. 18-2. Any infant with an iris coloboma should 

have a full ophthalmologic exam to evaluate for 

other ocular anomalies and a complete physical 

exam to identify dysmorphic features or additional 

congenital anomalies. In addition, all infants with 

an iris coloboma should have echocardiography 

and renal ultrasound to screen for abnormalities 

Iris Coloboma 

Exam 

Normal Physical Exam 
with Other Ocular 

Primary Ocular Defect 

Ocular Anomalies 

Positive Family 

Complete Opthalmologic and Physical 

Normal Physical Exam with no Other 

Negative Family 
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Figure 18-1. 

hole” pupil. (Used with permission from Umberto 

Benelli, MD, University of Pisa, Italy.) 

Typical iris coloboma with “key- 

associated with CHARGE syndrome. Chromosome 

analysis should be obtained in any infant with 

dysmorphic features or additional congenital 

anomalies. Finally, biochemical and/or molecular 

Abnormal Physical Exam 

Chromosome Analysis 

History History 

— Abnormal 
Familial Coloboma| | Echocardiography and [Abnormal | 

Renal USG for CHARGE 

associated anomalies Echocardiography and 
Chromosome 

Abnormality 
Renal USG for 

CHARGE associated 

Normal 

Isolated Sporadic Coloboma 

anomalies 

Normal 
No Specific 
Diagnosis 

Abnormal 

CHARGE or Other 

Syndrome 

Figure 18-2. Diagnostic approach to the evaluation of iris coloboma. 
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testing, if available, may be indicated based 

upon clinical suspicion of a specific disorder or 

syndrome. 

> MANAGEMENT AND PROGNOSIS 

The visual prognosis of iris coloboma ranges 

from normal to severe impairment depending 

upon the location and associated eye defects. 

Most isolated small iris colobomata do not cause 

visual impairment. The presence of microph- 

thalmia (particularly with cysts) or other ocular 

defects may result in significant visual deficits. 

Surgical repair of an iris coloboma is not gener- 

ally performed unless other intraocular surgery 

is indicated (e.g., cataract extraction). 

> GENETIC COUNSELING 

Progress is being made in the understanding 

of the molecular mechanisms involved in the 

pathogenesis of ocular coloboma. More than a 

dozen genes that play a role in coloboma for- 

mation have been identified, although it is likely 

that most coloboma genes are still currently not 

known.’ Despite the advancements in the under- 

standing of the genes that are important in eye 

development, the underlying etiology of ocular 

colobomata is unknown in most cases. A large 

proportion of sporadic, unilateral colobomata 

are likely due to nongenetic factors.° 

Genetic counseling for ocular coloboma is 

dependent upon a specific diagnosis. Heredi- 

tary forms of coloboma occur and most fre- 

quently follow an autosomal dominant pattern 

of inheritance. If a familial form of coloboma or 

a specific systemic disorder or syndrome is iden- 

tified, recurrence risks would be based upon 

the particular pattern of inheritance of that dis- 

order (e.g., autosomal dominant, recessive, or 

X-linked). In cases of isolated coloboma in the 

absence of a positive family history, the parents 

of an affected child should be carefully examined 

to identify any occult (often retinal) coloboma or 

other minor ocular malformations which might 

reveal a previously unsuspected hereditary con- 

dition. If both parents have normal eye exams, 

the empiric risk for isolated ocular coloboma in 

future pregnancies is approximately 3-4%.* 
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Cataract 
BRAD ANGLE 

> INTRODUCTION 

A cataract is an opacification of the crystalline 

lens of the eye (Fig. 19-1). In infants, a cataract 

may interfere with the development of the cen- 

tral nervous system pathways responsible for 

vision and cause amblyopia. In older children 

and adults, blurring and distortion of vision are 

the major effects of cataracts. Congenital cataract 

is responsible for 10% of all blindness in chil- 

dren and is the most common cause of treatable 

childhood blindness.’ Cataract may occur as 

an isolated congenital anomaly, in association 

with other ocular abnormalities, or as part of a 

multisystem disorder or syndrome. 

> EPIDEMIOLOGY/ETIOLOGY 

Congenital cataracts occur in 1-4 per 10,000 births.° 
Approximately 50% of cases are unilateral and 

50% bilateral. Approximately one-third of in- 

fants with congenital cataracts have isolated 

hereditary forms, one-third are associated with 

systemic or syndromic disorders, and one-third 

have an idiopathic etiology. Known causes in- 

clude intrauterine infections, metabolic disor- 

ders, chromosome abnormalities, and a variety 

of systemic or syndromic disorders. 
From an anatomic perspective, the eye is 

divided into two segments, the anterior and 
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posterior. The anterior segment consists of the 

cornea, iris, and lens. The posterior segment con- 

sists of the vitreous jelly and the retina. The an- 

terior segment of the eye is derived from surface 

ectoderm and the neural crest. The lens develops 

by the formation of an embryonic nucleus dur- 

ing morphogenesis, around which lens fibers are 

deposited throughout life, initially forming the 

fetal nuclear region and thereafter the cortex. Ab- 

normalities of morphogenesis of unknown cause 

or lens fiber dysfunction caused by mutations in 

genes expressed within the lens may result in the 

formation of congenital cataracts. 

Many genes involved in cataractogenesis have 

been identified, including more than a dozen genes 

causing autosomal dominant cataracts, at least five 

autosomal recessive genes, and one X-linked re- 

cessive gene.“ Crystallins are stable water-soluble 

proteins that make up 90% of the lens proteins 

and play a critical role in maintaining lens trans- 

parency. More than 15 crystallin mutations have 

been reported in association with childhood 

cataract.‘ 

> CLASSIFICATION OF 
CONGENITAL CATARACTS 

Cataracts are often classified according to either 

morphology or etiology. Congenital cataracts 

can be classified morphologically into four broad 
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Figure 19-1. Opacification of lens in infant 

with congenital cataract. (Reprinted from 

Journal of Medical Genetics. 2000;37:481-8. 

Reproduced with permission from the BMJ Pub- 

lishing Group.) 

categories: zonular, polar, total (mature), and 

membranous. Zonular cataracts involve one area 

of the lens and can be subdivided into nuclear, 

lamellar, and other types. Lamellar cataract is the 

most common type of congenital cataract and is 

characterized by an opaque layer surrounding a 

relatively clear nucleus. Nuclear cataract is usu- 

ally present at birth and is nonprogressive, while 

the lamellar type usually develops in the first few 

months and is progressive.’ 

From a genetic perspective, cataracts can 

also be grouped in four categories: isolated 

hereditary congenital cataracts, cataracts associ- 

ated primarily with ocular disorders, cataracts 

associated with syndromes, and cataracts associ- 

ated with metabolic disorders. This classification 

may be helpful when considering a diagnostic 

approach to the evaluation of an infant with 
congenital cataracts. 

Cataracts are often associated with other 

anomalies and are a feature of numerous sys- 

temic disorders and genetic syndromes. Cataracts 

may appear in childhood or adulthood in many 

of these conditions. The disorders discussed in 

this chapter are limited to those that are the 

most common disorders associated with con- 

genital cataracts identifiable in the neonatal 

period (Table 19-1). More inclusive lists of 

the many disorders associated with cataracts 

(congenital and later onset) may be found 

elsewhere.° 

> TABLE 19-1 Causes of Congenital Cataracts 

Isolated Cataracts 

Sporadic (no family history) 

Hereditary 

Autosomal dominant 

Autosomal recessive 

X-linked recessive 

Ocular Disorders 

Aniridia 

Rieger anomaly 

Peters anomaly 

Microphthalmia 

Systemic Disorders and Syndromes 

Lowe syndrome 

Zellweger syndrome 

Chondrodysplasia punctata 

Smith-Lemli-Opitz syndrome 

Cockayne syndrome 

Incontinentia pigmenti 

Icthyosis 

Chromosome abnormalities 

Trisomy 13 

Trisomy 18 

Trisomy 21 (Down syndrome) 
Others 

Intrauterine infections 
Toxoplasmosis 

Rubella 
Cytomegalovirus 

Herpes 

Syphilis 

Varicella. 

Metabolic Disorders 

Galactosemia 

Galactokinase deficiency 



Isolated Cataracts 

Congenital cataract (unilateral or bilateral) fre- 
quently occurs as an isolated congenital anom- 
aly, either as a sporadic case or in families with 
other affected individuals. Most familial cases 

occur in an autosomal dominant pattern, although 

X-linked and autosomal recessive inheritance 
has been observed in a few families. Bilateral 

cataracts are present in most familial cases, 

although unilateral cataracts may occur occa- 

sionally. Penetrance is usually high and cataract 

morphology may vary among family members. 

Cataracts Associated with Other 

Ocular Abnormalities 

Congenital cataracts often occur in conjunction 

with other ocular abnormalities, suggesting a de- 

velopmental defect as being the cause for the 

cataract. Interference of embryologic develop- 

ment may result in anterior segment abnormali- 

ties such as aniridia (absent iris), Rieger anomaly 

Gris hypoplasia and abnormal angle structures), 

Peters anomaly (central corneal leukoma and 

cataract, and microphthalmia (small, abnormally 

developed eye), all of which have been reported 

in association with cataracts.” 

Congenital Cataracts Associated 
with Systemic Disorders and 

Syndromes 

Lowe syndrome (oculocerebrorenal syndrome) 

is an X-linked disorder in which affected males 

have renal Fanconi syndrome (aminoaciduria), 

mental retardation, and ocular abnormalities, in- 

cluding congenital cataracts. Other ocular anom- 

alies include papillary abnormalities and glaucoma. 

Approximately 95% of affected males have a de- 

tectable mutation in the OCRL-1 gene which 

causes Lowe syndrome. 
Zellweger syndrome (cerebrohepatorenal syn- 

drome) is a multisystem disorder of peroxisomal 
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biogenesis resulting in dysmorphic facies, hypo- 

tonia, liver cysts with hepatic dysfunction, renal 

cysts, ocular anomalies, and chondrodysplasia 

punctata. Infants are usually severely affected 

and most die during the first year of life due to 

progressive apnea or complications of respira- 

tory infection. Biochemical testing to identify ab- 

normal levels and ratios of very long chain fatty 

acids (VLCFA) is the most informative initial 

screen for a defect in perixosomal fatty acid me- 

tabolism. Mutations in 12 different PEX genes 

which encode for proteins required for peroxi- 

some assembly have been identified in patients 

with Zellweger syndrome. Approximately 50% 

of individuals with Zellweger syndrome have 

mutations in the PEX1 gene.® 

Chondrodysplasia punctata is another disor- 

der of peroxisomal biogenesis and is character- 

ized by punctate calcifications in cartilage with 

epiphyseal and metaphyseal abnormalities, ver- 

tebral abnormalities, congenital cataracts and, in 

most cases, asymmetric limb shortening (usually 

rhizomelic). Later, severe developmental prob- 

lems and postnatal growth retardation become 

evident. The condition is often lethal in infancy 

or childhood, but individuals with milder phe- 

notypes are observed. There are different forms 

of this disorder including autosomal dominant 

and recessive, and X-linked dominant and re- 

cessive types. Biochemical testing of peroxiso- 

mal function including VLCFA, phytanic acid, 

and plasmalogens can confirm a diagnosis and 

molecular testing for mutations in PEX7, a gene 

associated with one form of chondrodysplasia 

punctata, is available on a clinical basis. 

Smith-Lemli-Opitz (SLOS) is an autosomal 

recessive multiple congenital anomaly syn- 

drome caused by an abnormality in cholesterol 

metabolism resulting from deficiency of the en- 

zyme 7-dehydrocholesterol reductase. It is char- 

acterized by dysmorphic features, genital anom- 

alies, microcephaly, prenatal and postnatal 

growth retardation, polydactyly, syndactyly of the 

second and third toes, and mental retardation. 

Confirmation of a suspected diagnosis requires 

detection of an elevated serum concentration of 
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7-dehydrocholesterol (7-DHC). Mutations in the 

DHCR7 gene are identified in more than 80% of 

affected individuals. 

Cataracts have been identified in both neona- 

tal and classic Cockayne syndrome (CS). Neonatal 

CS (also known as cerebro-oculo-facial syndrome 

and Pena-Shokeir type II syndrome) is charac- 

terized by growth failure at birth, litte or no post- 

natal neurological development, and early post- 

natal contractures of the spine and joints. 

Congenital cataracts or other structural anom- 

alies of the eye may be present. Affected indi- 

viduals typically die by age seven years. CS isan 

autosomal recessive disorder. CS is diagnosed 

by clinical findings and by assay of DNA repair 

in skin fibroblasts. Mutations have been identified 

in the two genes that cause CS, ERCC6 (75% of 
individuals) and CKN1 (25% of individuals). 

Cataracts may occur in a number of condi- 

tions that affect the skin. Incontinentia pigmenti 

(IP) is a disorder that affects the skin, hair, teeth, 

and nails. The skin lesions begin as blistering in 

the newborn period and evolve into a wart-like 

rash during infancy and swirling areas of hy- 

perpigmentation in late infancy through adult- 

hood. Alopecia, hypodontia, abnormal tooth 

shape, and dystrophic nails are also observed. 

Approximately 40% of affected individuals have 
abnormalities of the retinal vessels and pigment 

cells predisposing to retinal detachment in early 

childhood. Other ocular abnormalities, includ- 

ing congenital cataracts, may also be observed. 

Cognitive delays and mental retardation are occa- 

sionally seen. A clinical diagnosis of IP can be con- 

firmed by skin biopsy and/or molecular testing 

of the causative IKBKG gene. IP is an X-linked 

dominant disorder that is lethal in most, but not 

all, males. 

Congenital cataracts occur occasionally in 

infants with autosomal recessive congenital 

ichthyosis who present with features of brown, 

scaly skin, and possible ectropium (eversion of 

eyelids). Mutations may be identified in one of 

five genes known to cause this disorder. Cataracts 

may be one of multiple congenital anomalies pre- 
sent in infants with chromosome abnormalities, 

including those with recognizable phenotypes 

such as trisomies 13, 18, and 21, as well as many 

other nonspecific chromosome abnormalities. 

While not discussed in this chapter, several 

intrauterine infections including TORCH and 

others (toxoplasmosis, rubella, cytomegalovirus 

[CMV], herpes, varicella, syphilis) can cause con- 

genital cataracts and must be considered in the 

differential diagnosis in an affected infant. 

Cataracts Associated with 

Metabolic Diseases 

Galactosemia is the most common metabolic 

disorder which may cause congenital cataracts. 

Classical galactosemia is an autosomal recessive 

disorder of galactose metabolism caused by se- 

vere deficiency or complete absence of the en- 

zyme galactose-1-phosphate uridyl transferase 

(GALT). Untreated classical galactosemia pre- 

sents in the neonatal period with failure to thrive, 

jaundice, bleeding diathesis, and sepsis (most 

notably Escherichia coli infection). Approxi- 

mately 10% of infants have congenital cataracts. 

Dietary management with a galactose-free diet is 

the mainstay of treatment of classical galactosemia. 

Some individuals have a milder variant form of 

galactosemia with partial enzyme deficiency that 

does not require long-term treatment. 

Virtually 100% of affected infants can be 

identified in areas which include galactosemia 

testing in newborn screening programs. New- 

born screening tests most commonly include 

assays of GALT and/or galactose. Infants with 

abnormal newborn screening tests should have 

confirmatory testing by quantitative measure- 

ment of erythrocyte GALT enzyme activity. 

The cataracts in galactosemia most likely re- 

sult from the accumulation of galactitol, a by- 

product of galactose metabolism. Most cataracts 
in infants with galactosemia will regress or com- 
pletely resolve with proper dietary treatment. 

Congenital cataracts also occur in galactok- 
inase deficiency, another disorder of galactose 
metabolism. Galactokinase deficiency is not 



associated with the systemic manifestations of 

galactosemia. Affected infants can be identified 

by newborn screening and treatment is similar 

to galactosemia. As with galactosemia, treatment 

usually results in regression of the cataracts. 

> DIAGNOSIS AND EVALUATION 

The presence of a congenital cataract is usually 

first suspected on physical exam by the lack of 

a red reflex and the presence of leukokoria 

(white pupillary reflex produced by reflection of 

light from a light-colored intraocular mass or 

structure). Numerous ocular abnormalities may 

produce leukokoria including cataracts, colobo- 

mas, retinoblastoma, retinopathy of prematurity, 

and others. Direct ophthalmoscopy and dilated 

slit-lamp and fundal examination are necessary 

to confirm the diagnosis of a cataract and iden- 

tify any other ophthalmologic abnormalities. 
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A detailed prenatal and family history should 

be obtained when cataracts are identified in a 

newborn. A detailed prenatal history should in- 

clude any exposures to environmental agents or 

drugs, and any symptoms or diagnosis of ma- 

ternal infections. A thorough family history is 

essential to determine if the condition may be 

hereditary. While most congenital cataracts are 

isolated abnormalities, all infants with cataracts 

should have a careful physical examination and, 

when indicated, undergo evaluation for other 

anomalies and associated disorders. 

A diagnostic approach to the evaluation of 

congenital cataracts is outlined in Fig. 19-2. In- 

fants with isolated cataracts should have TORCH 

screening and testing for galactosemia and galac- 

tokinase deficiency (or confirmation of normal 

newborn screening tests). Infants with other ab- 

normalities on physical examination or identi- 

fied congenital anomalies should have a chro- 

mosome analysis. Testing for specific syndromes 

Cataract Identified on Inital Exam 

Complete Physical and Ophthalmologic Exam 

Normal Physical Exam 

with Other Ocular 

Anomalies 

Primary Ocular Defect 

Cataracts 

Normal Physical Exam 

with No Other Ocular 

Anomailies: Isolated 

Cataracts 

1. Evaluate Family History 

For Possible Hereditary 

2. TORCH Titers for 

Intrauterine Infection 

3. Test For Galactosemia and 

Galactokinase Deficiency 

Abnormal Physical Exam 

with Other Congenital 

Anomalies 

1. Chromosome Analysis 
2. Testing for Specific Genetic 

Disorders Based Upon 
Clinical Findings (See Table 19-2) 

Figure 19-2. Diagnostic approach to the evaluation of congenital cataracts. 
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> TABLE 19-2 Testing for Genetic Syndromes Associated with Cataracts 

Causative 

Disorder Gene(s) 

Lowe syndrome OCRL-1 
Zellweger syndrome PEX1 

Chondrodysplasia punctata PEX7 

Smith-Lemli-Opitz syndrome DHCR7 

Cockayne syndrome ERCC6 and 
CKN1 

Incontinentia pigmenti IKBKG 

Congenital ichthyosis TGM1 and 
others 

Biochemical/ Molecular 

Histopathologic Testing 

Testing Available 

Urine amino acids Yes 

Serum very long chain fatty acids Yes 

Serum very long chain fatty acids Yes 

Serum 7-dehydrocholesterol Yes 

Fibroblast assay for DNA repair No 

Skin biopsy Yes 

Skin biopsy Yes 

should be considered based upon clinical sus- 

picion (Table 19-2). 

> MANAGEMENT AND PROGNOSIS 

Management of congenital cataracts involves 

observation if the opacities are minimal and do 

not interfere with vision. For congenital cataracts 

that interfere with vision, surgical lens extrac- 

tion is the only option. The early removal of 

cataracts within the first few weeks of life or as 

soon as possible after diagnosis has been ad- 

vocated to prevent irreversible central nervous 

system damage. The visual outcome of surgery 

depends on a variety of factors including 

whether the cataract is unilateral or bilateral, the 

type of cataract, and the presence or absence of 

other ocular abnormalities. 

> GENETIC COUNSELING 

While identification of genes causing inherited 

forms of cataract will be crucial to understanding 

lens development and the pathogenesis of 

cataracts, molecular testing for inherited forms of 

cataracts does not currently play a significant role 

in diagnosis or genetic counseling for affected 

individuals and families. Clinical diagnosis re- 

mains the key component in providing the most 

accurate genetic counseling possible at this time. 

In cases of isolated bilateral cataract where 

the abnormality is confined to the lens and there 

is a positive family history, most will demon- 

strate an autosomal dominant inheritance pat- 

tern with a 50% risk of recurrence. Unilateral 

congenital cataract in the absence of a positive 

family history is generally not associated with 

systemic disease and is rarely inherited. Most 

cases of unilateral cataract are of idiopathic 

cause with a low recurrence risk. 

Genetic counseling in sporadic cases (those 

without a positive family history) of bilateral 

congenital cataracts history is more uncertain. 

In cases of bilateral cataract associated with an 

identified hereditary or genetic etiology, the re- 

currence risk is that which is attributed to the 

known disorder. In cases of sporadic bilateral 

cataract of idiopathic etiology, all first degree rel- 

atives (parents and sibs) should have ophthal- 

mology examinations to exclude mild congenital 

opacities which might identify a previously un- 

recognized hereditary form. In the absence of 

an identified cause and other affected relatives, 

a precise recurrence risk of congenital cataracts 

in future children is difficult to quantify but is 
likely less than 10%. 
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Congenital High Airway 
Obstruction Syndrome 

SANDRA B. CADICHON 

> INTRODUCTION 

Congenital high airway obstruction syndrome 

(CHAOS) was first described in 1826 and since 

then only a few cases of long-term survivors 

have been described in the literature.’ This 

clinical syndrome is caused by complete or 

near complete obstruction of the fetal airway 

leading to extreme respiratory distress at birth 

and has a high mortality rate. On prenatal ul- 

trasound the lungs appear as large echogenic 

structures, the diaphragm is inverted or flat- 

tened and often there is associated fetal ascites 

and or nonimmune hydrops. The findings ob- 

served on prenatal ultrasound are thought to 

be a result of upper airway obstruction, which 

prevents the normal flow of fetal lung fluid 

into the amniotic fluid. The lungs therefore ex- 

pand and produce a flattening of the diaphragm 

and appear hyperechogenic on ultrasound; if 

the lung fields expand to the point of produc- 
ing esophageal compression, polyhydramnios 

may occur as a result of impaired swallowing 

of amniotic fluid.* Airway abnormalities and 

lesions presenting as congenital high airway 

obstruction syndrome at birth are listed in 

Table 20-1. 
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> EPIDEMIOLOGY/ETIOLOGY 

Most cases of CHAOS are sporadic and the true 

incidence is unknown. Only 52 cases have been 

reported with 22 of these cases reported since 

1989;° though the true incidence may be higher 

than suggested by these case reports. A genetic 

cause or predisposition for CHAOS has not been 

determined. However, there has been one report 

of a unique family with autosomal dominant in- 

heritance of CHAOS and variable expression in 

the affected father and two affected children.* 

The father in this case had a history of being 

treated for “chronic croup” by tracheal cannula- 

tion. The father underwent an indirect laryn- 

goscopy, after his child’s presentation with 

CHAOS, which revealed a partial subglottic 

webbing suggesting that the father was also 

mildly affected by CHAOS.‘ 

> EMBRYOLOGY 

The laryngotracheal groove develops by the fourth 

week of gestation on the ventral surface of the 

caudal end of the pharynx. The groove progres- 

sively deepens forming a diverticulum anterior to 
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> TABLE 20-1 Airway Anomalies in Infants 

Presenting with CHAOS 

Laryngeal atresia 

Laryngeal stenosis 

Laryngeal cyst 

Laryngeal web 

Tracheal stenosis 

Tracheal atresia 

the pharynx. The distal portion will become the 

lungs and the proximal lateral walls of the di- 

verticulum invaginate to form the tracheoe- 

sophageal folds which eventually fuse in the 

midline. This fusion forms a septum separating 

the primitive airway from the pharynx and the 

esophagus. During the 5th week of gestation, 

the fourth and sixth pairs of the branchial arches 

form the cartilaginous structures of the larynx. 

The glottic epithelium proliferates rapidly dur- 

ing early gestation forming a temporary occlu- 

sion of the laryngeal lumen.’ This resulting plug 

is recanalized by the 10th week of gestation.’ 

CHAOS results from the failure of complete re- 

canalization of the larynx and/or trachea. 

> CLINICAL PRESENTATION 

CHAOS is often diagnosed or suspected prenatally 

by the presence of enlarged lung fields associated 
with a flattened or inverted diaphragm, ascites, 

and/or hydrops. In the event that prenatal ultra- 

sound was not performed and the diagnosis is 

unknown, the infant usually presents with 

cyanosis, absent or weak phonation, and respi- 

ratory failure immediately after delivery. At- 

tempted endotracheal intubation will reveal ab- 

normalities of the larynx or trachea (atresia, 

stenosis, or cysts). Without immediate tra- 

cheotomy, survival is unlikely in severely af- 

fected cases. Mildly affected cases with partial 

obstruction may have variable symptoms in the 

neonatal period. On rare occasions, the pres- 
ence of a tracheo-esophageal fistula (TEF) may 

allow for temporary ventilation and can be life- 

saving.” 

> ASSOCIATED MALFORMATIONS 

AND SYNDROMES 

The most frequently associated syndrome ob- 

served with CHAOS is Fraser syndrome. Fraser 

syndrome is characterized by malformations of the 

larynx, cryptophthalmos, syndactyly, genitourinary 

tract, craniofacial dysmorphism, orofacial clefting, 

mental retardation, and musculoskeletal anom- 

alies. Other syndromes that have been reported 

in association with CHAOS include: Short-rib 

polydactyly syndrome,° Cri-du-Chat syndrome,’ 

and Velo-cardio-facial syndrome.* Recently CHAOS 

has been described as part of a newly proposed 

association, TACRD (Tracheal Agenesis, complex 

congenital Cardiac abnormalities, Radial ray de- 

fects, and Duodenal atresia) pattern.” This associ- 

ation is distinct from the more common VACTERL 

(Vertebral-Anal-Cardiac-7racheo-Esophageal 

> TABLE 20-2 Systemic Malformations 

Reported in Association with CHAOS 

Brain/Central Nervous System 

Hydrocephalus 

Malformation of the aqueduct of Sylvius 

Anophthalmia 

Skeletal 

Vertebral anomalies 

Absent radius 

Syndactyly 
Club foot 

Pulmonary 

Bronchotracheal fistula 

Tracheo-esophageal fistula 

Tracheobronchomalacia 

Gastrointestinal 

Esophageal atresia 
Imperforate anus 

Omphalocele 

Genitourinary 

Renal agenesis 
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fistula~-Renal-Limb anomalies) association which 
has TEF and not tracheal agenesis as part of its 
sequence. Table 20-2 lists the malformations that 
have been reported in association with CHAOS. 

> EVALUATION 

The diagnosis is often made in utero with ultra- 

sound findings revealing large echogenic lungs, 

dilated airways, flattened or inverted di- 

aphragms, ascites, and/or hydrops. Postnatally, 

the diagnosis is suspected if there is absent or 

weak phonation and inability or difficulty to 

perform an endotracheal intubation and is con- 

firmed by direct laryngoscopic examination of 

the upper airways. Careful examination for dys- 

morphic features and associated anomalies may 

give a clue to the underlying etiology. TEF and 

anorectal malformations should be excluded 

and skeletal survey, cranial and abdominal ul- 

trasound should be considered. 

> MANAGEMENT AND PROGNOSIS 

Prenatally, fetoscopic tracheoscopy has been 

performed to delineate and treat the cause of 

obstruction.’ A favorable outcome following in- 

utero ultrasound-guided decompression of the 

fetal trachea was recently reported in an infant 

with CHAOS from laryngeal atresia.'° 

At delivery, the management of prenatally 

diagnosed CHAOS requires the presence of a 

multidisciplinary team including: neonatologists, 

pediatric otorhinolaryngologist, and pediatric 

surgeons. The EXIT procedure (ex utero intra- 

partum treatment), which was first developed 

for reversing tracheal occlusion in fetuses with 

severe congenital diaphragmatic hernia, offers 

the advantage of ensuring uteroplacental gas ex- 
change while on placental support and has re- 

sulted in favorable outcome in some cases of 

prenatally diagnosed CHAOS."?"""* The central 

principle of the EXIT procedure is controlled 

uterine hypotonia to preserve the uteroplacental 

circulation until the fetal airway is secured by 

endotracheal intubation or emergent tracheotomy 

in cases of complete laryngotracheal obstruc- 

tion.’ After delivery with a secure airway, the in- 

fant is then managed on mechanical ventilation 

until airway reconstruction can occur. 

The prognosis for CHAOS depends on the 

timing of the diagnosis. Prenatal diagnosis with 

delivery utilizing the EXIT procedure has resulted 

in favorable outcome in some cases.'*!!!* How- 

ever, infants delivered with unsuspected CHAOS 

frequently die shortly after birth. In rare circum- 

stances, the presence of a TEF may be lifesaving 

by allowing some air exchange until an emer- 

gent tracheotomy can be placed.” 

> GENETIC COUNSELING 

The recurrence rate of isolated CHAOS with 

negative family history is unknown as there have 

been only a limited number of cases reported in 

the literature. However, in infants with positive 

family history, autosomal dominant pattern of 

inheritance with its associated recurrence risk 

has been suggested.* The recurrence risk in in- 

fants with identifiable associated syndromes 

would be dependent on the inheritance pattern 

specific to those syndromes. 
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Pulmonary Agenesis 
SANDRA B. CADICHON 

> INTRODUCTION 

Pulmonary agenesis was first described in 1874 in 

a report by E. Klebs on a patient with a “missing 

lung.”’ This is a rare abnormality that results from 

failure of development of the primitive lung 

buds.*° Three types are recognized: (1) bilateral 

complete agenesis of the lungs, which is incom- 

patible with life; (2) unilateral lung agenesis, which 

can occur in isolation, but is often associated with 

additional congenital anomalies of the cardiovas- 

cular, vertebral, facial, urogenital, or gastrointesti- 

nal systems; and (3) lobar agenesis.* The range of 

maldevelopment in a patient with unilateral lung 

agenesis includes: (a) complete absence of bronchi, 

(b) rudimentary bronchus present but no alveolar 

tissue, or (c) poorly developed main bronchus 

with poorly organized parenchyma. Unilateral 

lung agenesis is more common than bilateral age- 

nesis and the prognosis for unilateral agenesis is 

dependent on the complexity of the associated 

anomalies. Agenesis of the right or left lung is re- 

ported to occur with similar frequencies although, 

patients with left lung agenesis are likely to have 

a much better prognosis.’ 

> EPIDEMIOLOGY/ETIOLOGY 

Agenesis of a lung occurs in approximately 

1 per 100,000 births.° While the true etiology of 
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pulmonary agenesis is unknown, animal studies 

suggest a possible association with maternal 

gestational vitamin A deficiency.” Chromosomal 

abnormalities such as duplications and trisomies 

of chromosome 2 and reciprocal translocation 

t Q; 21) have also been reported, and suggest a 

possible genetic etiology in some cases of pul- 

monary agenesis.’ Familial pulmonary agenesis, 

though rare, has been described.”’”* Consan- 

guinity was documented in two of these families 

which supports a possible autosomal recessive 

inheritance pattern for unilateral pulmonary 

agenesis in some cases.”” 

EMBRYOLOGY/PATHOLOGY 

Lung development is divided into five stages: (1) 

Embryonic (0-7 weeks gestation); (2) Pseudog- 

landular (7-17 weeks gestation); (3) Canalicular 

(17-27 weeks gestation); (4) Saccular (28-36 weeks 

gestation); and (5) Alveolar (36 weeks gestation- 

2 years of age). During the embryonic stage, the 

lung develops as an out-pouching of the ventral 

wall of the primitive foregut endoderm; dichoto- 

mous branching occurs to form the proximal 

structures of the tracheo-bronchial tree and the 

pulmonary arteries are derived from the sixth aortic 

arches concurrent with the developing airways. 

Disruptions during the embryonic stages of devel- 

opment result in pulmonary agenesis. 
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Vascular disruption during this stage of lung 

development has been suggested as a likely rea- 

son for isolated pulmonary agenesis.'° Cunning- 

ham and Mann suggested that an alteration or 

disruption in the dorsal aortic arch blood flow in 

the fourth week of gestation could selectively in- 

terfere with the development of lung, limb, and 

derivatives of the first and second branchial arches 

explaining the ipsilateral malformations found in 

many patients with pulmonary agenesis." In a re- 

view of cases of pulmonary agenesis reported 

between 1937 and 1997, they found that 82% of 

the cases of pulmonary agenesis were associ- 

ated with malformations of the first and second 

branchial arches and or radial ray defects;'' and 

proposed that the inclusion of pulmonary age- 

nesis as part of the VACTERL sequence or Gold- 

enhar syndrome should be considered.''~° 

> CLINICAL PRESENTATION ' 

Unilateral pulmonary agenesis has variable pre- 

sentation and can be asymptomatic in the neona- 

tal period or present with cyanosis, tachypnea, 

stridor, respiratory distress, or failure to thrive. 

Late presentation is also variable and can present 

as recurrent respiratory tract infections, wheezing 

and worsening cough, or acute respiratory dis- 

tress if the solitary lung becomes obstructed.>'“ 

Bilateral pulmonary agenesis is incompatible with 

life and presents with respiratory failure, severe 

hypercarbia, hypoxemia, and rapid progression 

to death. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Left pulmonary agenesis is often an isolated find- 

ing, whereas right pulmonary agenesis is fre- 

quently associated with congenital malformations 

involving cardiac (14%), gastrointestinal (14%), 

skeletal (12%), vascular (9%), and genitouri- 

nary (9%) systems.’ Table 21-1 summarizes the 

> TABLE 21-1 Malformations Observed in 

Pulmonary Agenesis 

Cardiac 
Anomalous pulmonary venous return 

Tetralogy of Fallot 

Single ventricle 

Dextrocardia 

Gastrointestinal 
Tracheo-esophageal fistula 

Imperforate anus 

Meckel’s diverticulum 

Skeletal 
Vertebral segmentation 

Rib dysplasia 

Scoliosis 
Limb abnormalities 

Urinary Tract 
Renal ectopia 

Renal agenesis 

Horseshoe kidney 

Polycystic kidney disease 

malformations reported to occur in association 

with pulmonary agenesis. Syndromes associated 

with pulmonary agenesis include VACTERL se- 

quence and Goldenhar syndrome. At least one 

case of an association with velocardiofacial 

(VCF)/DiGeorge syndrome has also been re- 

ported.© Common syndromes that have a rare 

association with pulmonary agenesis include 

Pallister-Hall and Apert syndromes. 

> EVALUATION 

A presumptive diagnosis can be made on prenatal 

ultrasound, which reveals a shifted mediastinum 

with an enlarged echogenic lung herniating 

toward the affected side and elevation of the 

diaphragm on the ipsilateral side. A level II ultra- 

sound should be done to evaluate for any associ- 

ated anomalies. These mothers should be referred 
to high risk obstetrics centers for consideration of 
fetal echocardiogram and amniocentesis for 



karyotyping. Delivery should be planned at a 
tertiary care center. 

Postnatally, all infants should have a thor- 

ough exam including assessment for dysmor- 

phic features. Initial evaluation should include a 

chest x-ray, which often reveals an opacification 

on the side of the agenesis, and quite frequently 

mediastinal shift towards the agenetic side; with 

hyperinflation of the unaffected side. A chest com- 

puted tomography (CT) scan will confirm the ab- 

sence of the lung or lobe. Given the frequent 

association with other malformations, an echocar- 

diogram and renal ultrasound should be ob- 

tained. If the infant has signs and symptoms 

consistent with gastrointestinal abnormalities 

or abdominal film suggests gastrointestinal 

pathology, evaluation of the gastrointestinal tract 

would be indicated. Cytogenetics studies or mi- 

croarray evaluation is recommended as there are 

a few published reports of pulmonary agenesis 

observed with chromosomal anomalies.°!°1® 

> MANAGEMENT AND PROGNOSIS 

Bilateral agenesis of the lungs is incompatible 

with life. By contrast, unilateral absence is com- 

patible with life, but has a high mortality which 

is most likely a result of associated malforma- 

tions and/or infections of the remaining lung 

tissue.” Infants with right-sided lung agenesis 

have a higher mortality and die significantly ear- 

lier than infants with left sided agenesis.” This 

clinical observation has been ascribed to the 

greater rotation of the heart and mediastinum, 

causing impaired bronchial drainage and greater 

susceptibility to pulmonary infections; further- 

more, right sided agenesis is associated with a 

greater number of cardiac and vascular anom- 

alies which contribute to its poorer prognosis.’ 

Survival into adulthood has been reported.”!”° 

> GENETIC COUNSELING 

The recurrence risk is unknown but is likely to 

be very low in isolated cases with negative 
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family history. However, a few cases of recur- 

rence in families have been reported. The recur- 

rence risk for infants with an identified syndrome 

or chromosomal abnormality (e.g., Goldenhar 

or DiGeorge) will depend on the inheritance 

pattern of the specific disorder. 
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Pulmonary Hypoplasia 
SANDRA B. CADICHON 

> INTRODUCTION 

Pulmonary hypoplasia refers to a decrease in 

number and size of the airways and alveoli. Iso- 

lated primary pulmonary hypoplasia is a rare 

condition that is usually not associated with 

other maternal or fetal disorders. Congenital aci- 

nar dysplasia is an extremely rare primary 

maldevelopment of the lungs that results in pul- 

monary hypoplasia.’ Pulmonary hypoplasia is 

often associated with other congenital condi- 

tions such as: (1) space occupying lesions in the 

chest (diaphragmatic hernia, cystic adenoma- 

toid malformation, teratoma, pleural effusions); 

(2) restrictive malformations of the chest wall 

(skeletal dysplasias, scoliosis); (3) reduction in 

amniotic fluid volume as seen in congenital re- 

nal anomalies (renal agenesis, bilateral polycys- 

tic kidney disease, bilateral dysplastic kidneys), 

and premature rupture of membranes; (4) de- 
creased fetal breathing as a result of neuromus- 

cular disorders; (5) decreased vascular supply 

as in interrupted pulmonary artery. 

In 1981, Wigglesworth and Desai originally 

suggested a definition of pulmonary hypoplasia 

as a lung weight to body weight ratio (LW/BW) 
of <0.015 in infants at >28 weeks gestation.” In 
a more recent study, a much larger sample size 

confirmed similar LW/BW ratio of <0.015 as be- 

ing consistent with pulmonary hypoplasia and 

defined the 10th percentile for LW/BW ratio 
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at 28-36 weeks gestation as 0.0227, and for 

37-41 weeks gestation as 0.0124.° Other criteria 
used for a prenatal diagnosis include the mea- 

surement of chest/trunk-length ratio; a ratio of 

0.32 or less is reported to have a sensitivity of 

92%, specificity of 95.5%, a positive predictive 

value of 88.5%, and a negative predictive value 

of 97.2% for pulmonary hypoplasia.* 

> EPIDEMIOLOGY/ETIOLOGY 

The incidence of pulmonary hypoplasia ranges 

from 9 to 11 per 10,000 live births and 14 per 

10,000 of all births.” To date, the precise genetic 

etiology of pulmonary hypoplasia has not been 

determined. However, Cregg and Casey re- 

ported on two cases of primary congenital pul- 

monary hypoplasia in siblings of a consan- 

guineous marriage, suggesting a possible 

genetic component and perhaps a recessive 

mode of inheritance.° 

> EMBRYOLOGY 

Lung development is divided into five stages: 

(1) Embryonic (0-7 weeks gestation); (2) Pseudog- 

landular (7-17 weeks gestation); (3) Canalicular 

(17-27 weeks gestation); (4) Saccular (28-36 weeks 
gestation); (5) alveolar (36 weeks gestation-2 
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years of age). Lung growth and development is 

dependent on numerous factors, all of which 

are essential for normal lung development to 

occur. These factors include; normal fetal breath- 

ing movements, an adequate intra-thoracic space, 

sufficient extra- and intra-pulmonary fluid vol- 

ume and pulmonary blood flow.’ 

During the embryonic stage, the lung devel- 

ops as an out-pouching of the ventral wall of 

the primitive foregut endoderm; dichotomous 

branching occurs to form the proximal struc- 

tures of the tracheo-bronchial tree and the pul- 

monary arteries are derived from the sixth aortic 

arches concurrent with the developing airways. 

During the pseudoglandular phase, the branch- 

ing of airways and blood vessels continue and 

end with the formation of the terminal bronchi- 

oles. Disruptions during the remaining three 

stages of development (the canalicular, saccu- 

lar, and alveolar phases) can result in pulmonary 

or lung hypoplasia. The respiratory bronchi, the 

alveolar ducts and primitive alveoli formation 

occur during the canlicular stage; the peripheral 

airways enlarge and the gas-exchanging surface 

areas increase as the airway walls thin during 

the saccular stage and finally, the secondary 

septa and definitive alveoli form during the alve- 

olar stage. 

As lung growth and development progresses, 

factors extrinsic to the lung parenchyma itself 

may also contribute to or cause pulmonary hy- 

poplasia. The importance of fetal breathing 

movements and fetal lung fluid for the develop- 

ment of normal lungs can be inferred from the 

animal literature. Animal models in which a neu- 

romuscular disorder is induced, or amniotic fluid 

volume is altered develop pulmonary hypopla- 

sia.°“'° Human infants born with Potters sequence 
develop pulmonary hypoplasia as a result of 

oligohydramnios and are well described in the 

literature. Additionally, space occupying lesions 

such as congenital diaphragmatic hernia (CDH) 

decrease the amount of space available for 

lung growth and therefore contribute to pul- 

monary hypoplasia. Finally, the development of 

the airways and pulmonary vasculature occur 

simultaneously, therefore, abnormalities in pul- 

monary vascular development are often seen in 

association with pulmonary hypoplasia, as ex- 

emplified by Scimitar syndrome. 

> CLINICAL PRESENTATION 

Prenatally, oligohydramnios and/or small lung 

fields may be observed on ultrasound. Shortly 

after birth, infants with primary pulmonary hy- 

poplasia develop profound respiratory distress, 

marked hypercarbia, hypoxemia, and metabolic 

acidosis. Patients with milder disease may pre- 

sent with increased work of breathing and less 

severe respiratory distress. In cases of severe 

pulmonary hypoplasia, with limited amount of 

lung tissue, infants may demonstrate evidence 

of persistent pulmonary hypertension, both clin- 

ically and by echocardiogram. Quite frequently, 

these infants rapidly develop pneumothoraces. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Pulmonary hypoplasia frequently occurs in as- 

sociation with other congenital malformations 

and is often the result of some of these malfor- 

mations. Renal or urinary tract anomalies are 

the most common associated abnormalities; 

other malformations include diaphragmatic her- 

nia or eventration, skeletal muscle disorders, 

exomphalos, and skeletal dysplasia.’ Syndromes 

associated with pulmonary hypoplasia include 

Patau syndrome, Edwards syndrome, and Down 

syndrome. Occasionally, pulmonary hypoplasia 

can be observed in Meckel-Gruber syndrome 

(characterized by encephalocele, polydactyly, 

cystic dysplasia of the kidneys). These infants 
will have characteristic dysmorphic features of 
these syndromes and karyotyping may further 
assist in the diagnosis. Table 22-1 lists some of 
the common syndromes associated with pul- 
monary hypoplasia. 
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> TABLE 22-1 Syndromes Associated with Pulmonary Hypoplasia 

Syndrome Other Clinical Findings Inheritance 

Edwards syndrome 

Ellis-van Creveld 

syndrome 

Patau syndrome 
nail hypoplasia 

Clenched hand; short sternum; low arch dermal 

Ridge patterning on fingertips; CHD 

Defects of eye, nose, and lip; holoprosencephaly; 

Trisomy for all 

or part of 

chromosome 18 
Short distal extremities; polydactyly; AR 

Trisomy for all 
polydactyly; narrow hyperconvex fingernails; or part of 
skin defects of posterior scalp chromosome 13 

Potter syndrome Bilateral renal agenesis, oligohydramnios; Unknown 
flat appearance of nose and face 

Scimitar syndrome Partial anomalous pulmonary venous return Unknown 

to the inferior vena cava, right lung hypoplasia, 

dextrocardia, anomalous systemic arterial supply 

to the right lung 

Short rib-polydactyly Short stature; postaxial polydactyly of hands/feet; AR | 
syndrome CHD 

AR, autosomal recessive; AD, autosomal dominant; CHD, congenital heart disease; XR, X-linked recessive. 

> EVALUATION 

The diagnosis of pulmonary hypoplasia should 

be suspected on prenatal ultrasound in all in- 

fants with an associated intrathoracic pathology 

such as congenital cystic adenomatoid malfor- 

mation (CCAM), CDH, or pleural effusions and 

in fetuses with renal anomalies and oligohy- 

dramnios. These infants should have a detailed 

level II ultrasound to evaluate for other anom- 

alies and should be referred to a tertiary care 

center for further care and delivery. Additional 

evaluation of the fetus should include an 

echocardiogram, ultrasound with Doppler flow to 

evaluate for pulmonary sequestration, assessment 

of amniotic fluid index, and an amniocentesis for 

karyotyping. The fetus should be monitored reg- 

ularly for development of hydrops. 

After birth, a complete physical examina- 
tion for any dysmorphic features is imperative. 

A chest x-ray should be obtained as soon as pos- 

sible to evaluate for the cause of the distress. It 

is not uncommon for these infants to have 

pneumothoraces, both spontaneous and as a 

result of aggressive mechanical ventilation. Chest 

x-ray demonstrates small poorly aerated lungs; 

the thorax may have a “bell-shaped” appear- 

ance with elevation of the hemidiaphragm. Fur- 

ther postnatal evaluation should include detailed 

examination including neurological assess- 

ment to evaluate for neuromuscular disorders 

and further workup if initial exam is suggestive 

of a neuromuscular disorder. A skeletal survey to 

evaluate for associated skeletal dysplasias such 

as achondrogenesis, thanatrophic dysplasia, and 

osteogenesis imperfecta should be obtained in in- 

fants with clinical examination suggestive of skele- 

tal dysplasia. Other studies to consider are an 

echocardiogram to evaluate for pulmonary hyper- 

tension and cardiac defects such as tetralogy of 

Fallot, Ebstein’s anomaly, and hypoplastic right 

heart. Pulmonary artery agenesis in particular 

can effect pulmonary vascular perfusion and 

may contribute to the development of pulmonary 

hypoplasia. A renal ultrasound and chromo- 

some evaluation with microarray analysis should 

be considered for all infants with pulmonary 

hypoplasia. 
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> MANAGEMENT AND PROGNOSIS 

Management of infants with pulmonary hy- 

poplasia is both supportive and directed toward 

treatment of the underlying defect or malforma- 

tion that leads to the hypoplastic lungs. Pulmonary 

hypoplasia has a high mortality rate when it oc- 

curs in isolation and most infants do not survive 

despite aggressive medical intervention. How- 

ever, the prognosis is variable in certain cases in 

which the pulmonary hypoplasia is secondary 

to a malformation or defect (e.g., CDH); med- 

ical and surgical management should be aimed 

at managing the primary disease process. 

> GENETIC COUNSELING 

There are currently no known genetic causes 

for primary pulmonary hypoplasia and the re- 

currence risk is very low in absence of positive 

family history. The recurrence risk in: associa- 

tion with other syndromes will depend on the 

mode of inheritance of that syndrome. 
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Congenital Cystic 
Adenomatoid Malformations 

SANDRA B. CADICHON 

> INTRODUCTION 

Congenital cystic adenomatoid malformations 

(CCAM) are rare developmental abnormalities 

of the lung. Early reports date from 1897, but 

the term itself was not introduced until 1949.1 

The histological descriptions of CCAMs are 

based on studies from Stocker et al.* Initially, 
three varieties were recognized, types I, II, and III 

and subsequently types 0 and IV have been added. 

These five pathological types are based on the 

site of origin of the malformation.’ Type 0—pre- 
viously known as acinar dysplasia, but now de- 

scribed as tracheal CCAM—affects the proximal 

tracheo-bronchial tree and is composed of 

bronchial-like structures with respiratory epithe- 

lium surrounded by a wall containing smooth 

muscle, glands, and numerous cartilage plates; 

this lesion is incompatible with life. Type I or 

bronchial CCAM is the most common type of 

CCAM and consists of multiple large cysts or a 

single dominant cyst. Type II or bronchiolar 

CCAM consists of multiple small cysts that re- 
semble dilated terminal bronchioles. Type III or 

bronchiolar/alveolar duct CCAM is a solid lesion 
and microscopically shows irregular curving 

channels and small airspaces. Type IV or alveolar/ 

distal acinar CCAM consists of peripheral cysts 
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with distal acinar (distal airway structures such 

as the alveolar ducts and sacs) origin.'*° 

A revised classification of congenital cystic 

adenomatous malformations was proposed in 

1985, when Adzick et al proposed two cate- 

gories for CCAM based on anatomy, ultrasound 

findings, and prognosis. Macrocystic CCAM, 

which consists of single or multiple cysts of at 

least 5 mm in diameter but often much larger; 

and microcystic CCAM lesions which are more 

solid and bulky with cysts less than 5 mm in di- 

ameter.’ CCAMs consist of hamartomatous tis- 

sue characterized by overgrowth of the terminal 

bronchioles and may be cystic or solid masses. 

Cystic CCAMs are more common and occupy 

part or all of a hemithorax, with up to 15% of 

cases having bilateral involvement.* While the 

majority of CCAMs present in infancy, there are 

a number of patients presenting later in life, or 

even in adulthood.’ 

> EPIDEMIOLOGY 

The precise incidence of CCAM is unknown. 

Literature reviews report a range from 1:25,000 

to 1:35,000 pregnancies’ to as frequently as 

1.2:10,000 births.’ Approximately 2% of cases 
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result in spontaneous abortions and 10% result 

in postnatal deaths.” CCAM affects all lobes with 

the same frequency, and there is no right or left 

predominance.’ Type 0 accounts for 1-3% of 

cases; type I accounts for >65% of cases; type II 

accounts for 20-25% of cases; type III accounts 

for 8%; and type IV is responsible for 2-4%. 

Males and females are equally affected." 

> EMBRYOLOGY/ETIOLOGY 

Lung development occurs in five distinct stages 

(see Chap. 22). CCAM is thought to occur dur- 

ing the second stage of lung development, the 

pseudoglandular period (7-17 weeks of gesta- 

tional age). This stage of lung development is 

characterized by repeated dichotomous branch- 

ing leading to formation of the bronchial airways. 

CCAM results when cystic and adenomatoid over- 

growth of terminal bronchioles and airspaces de- 

velop during the branching period, thus leading 

to the lack of communication between the lesion 

and the tracheo-bronchial tree due to an absent or 
atretic segmental bronchus. It is believed, that most 

of these changes result from an imbalance of 

the normal events in development due to an in- 

crease in cell proliferation and decrease in cell 

apoptosis.’ 

CCAM is thought to result from an early de- 

velopmental anomaly of unknown etiology. 

However, it has been reported that abnormal 

gene expression of the Hoxb5 gene, a regula- 

tory gene that controls embryonic organ-specific 

patterning, may be associated with the devel- 

opment of the abnormal lung tissue seen in 
CCAM."° 

> CLINICAL PRESENTATION 

Prenatally, the fetus may have ultrasound findings 

consistent with hydrops and/or polyhydramnios, 

in addition to cystic pulmonary lesions. Approxi- 

mately 32% of cases of CCAM in one series were 

associated with nonimmune hydrops fetalis.1 

After delivery, the severity of the symptoms 

and timing of presentation are dependent on the 

size of the lesion. Variable degrees of respiratory 

distress including cyanosis, retractions, and grunt- 

ing are the most common modes of presentation 

in the neonatal period. Infants with significantly 

large lesions may develop pulmonary hypoplasia 

and present with respiratory failure and pulmonary 

hypertension immediately after delivery. Late pre- 

sentation with cough, fever, and/or radiologic 

changes of recurrent pneumonia localized to one 

lobe is seen in 10-20%,” Asymptomatic cases may 

be discovered on a routine chest film later in life. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Approximately 20% (range of 7-50%) of cases of 
type II CCAM are associated with anomalies and 

malformations; malformations are seen in 5-12.5% 

of type I lesions.* Reported anomalies with 

CCAM include: extralobular sequestration (in 

up to 50% of cases),'? diaphragmatic hernia, 

pulmonary hypoplasia, cardiovascular malforma- 

tion (truncus arteriosus and tetralogy of Fallot), 

hydrocephalus, skeletal malformation, jejunal 

atresia, bilateral renal agenesis/dysgenesis, and 

craniofacial malformations. The reported incidence 

of associated chromosomal aberrations is 1.2%.'“ 

There are rare reports of Down syndrome, Patau 

syndrome, Edwards syndrome, Klinefelter syn- 

drome, and Pierre-Robin syndrome in association 
with CCAM."4 

> EVALUATION 

The initial prenatal evaluation of a patient with 

suspected CCAM should include a detailed ultra- 

sound to confirm the diagnosis and evaluate for 

other anomalies; a color flow Doppler evaluation 
to exclude bronchopulmonary sequestration 
should also be performed. The fetus should be 
monitored regularly, with serial ultrasound, for 
the development of hydrops. However, the CCAM 
frequently involutes and resolves by the time of 
delivery. An amniocentesis for karyotype analysis 
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is recommended to exclude chromosomal ab- 
normalities seen in some patients with CCAM. A 
fetal echocardiogram should also be performed 
given the increased incidence of associated car- 
diac anomalies. 

All newborn infants with a history of CCAM 

in utero, even with spontaneous resolution, 

should undergo postnatal evaluation and should 

be seen by a pediatric surgeon.’* In addition to 

a complete physical exam, a chest computed to- 

mography (CT) or magnetic resonance imaging 

(MRD should be done to evaluate for any resid- 

ual CCAM that is asymptomatic and unidentifi- 

able on a plain chest x-ray. The presence of 

even subtle changes suggestive of CCAM should 

be monitored closely even if asymptomatic, as 

rhabdomyosarcoma‘ and rare cases showing 

malignant transformation to bronchioloalveolar 

carcinoma have been reported.’ A complete 

evaluation should include an echocardiogram 

to rule out congenital heart defects, and a renal 

ultrasound to evaluate for renal anomalies as bi- 

lateral renal agenesis/dysgenesis has been re- 

ported in some of these infants. 

> MANAGEMENT AND PROGNOSIS 

Fetal surgery or interventions, such as thora- 

coamniotic shunts or resection of the lesion, for 

larger lesions with associated hydrops have 

been performed. '° These procedures, however, 

are not widely available and are performed in 

tertiary care centers with trained experts in this 

area. The major complications of thoracoamni- 

otic shunts are failure of function due to ob- 

struction, migration of the catheter, spontaneous 

dislodgment by normal fetal movements, and 

fetal deformation due to pigtail shunt limb com- 

pression.'° Fetuses with CCAM should be re- 
ferred for delivery at centers with a neonatal in- 

tensive care unit supported by neonatologists 

and pediatric surgeons. After delivery, complete 

resection of the CCAM is the procedure of 

choice; this often entails a lobectomy. 

Outcome of patients with CCAM varies de- 

pending on the size and associated anomalies. 

Antenatally, these lesions can lead to hydrops, 

polyhydramnios, or spontaneously regress with 

good outcome.”''!!” Generally, the develop- 

ment or presence of fetal hydrops is associated 

with a poor prognosis and often results in fetal 

or neonatal demise.’ 

Type 0 lesions are incompatible with life.’ 

Type I lesions may present later in life and are 

usually associated with a favorable outcome; 

however, rare case reports of malignant trans- 

formations in type I lesions (<1% of cases) have 

been observed."''*!? Type II lesions have a high 

frequency of associated anomalies and prognosis 

depends on the anomaly and its severity. Infants 

with type III lesions often present with hydrops 

and polyhydramnios and frequently have pul- 

monary hypoplasia with a poor prognosis. Type 

IV lesions present in neonates and infants and 

generally have a good prognosis; although re- 

cent literature suggests a potential for malignant 

transformation, none has been reported.’ Over- 

all long-term outcome for isolated CCAM fol- 

lowing complete resection is excellent. 

> GENETIC COUNSELING 

Currently, there are no known genetic defects 

responsible for the development of CCAM and 

no cases of recurrence of this lesion have been 

reported in siblings. However, there are a num- 

ber of case reports of chromosomal anomalies 

with CCAM, therefore, karyotyping may be indi- 

cated, especially if other anomalies are present. 
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CHAPTER 24 

Congenital Diaphragmatic 
Hernia 

SANDRA B. CADICHON 

> INTRODUCTION 

Congenital diaphragmatic hernia (CDH) remains 

a major cause of respiratory failure in the new- 

born with a high mortality and morbidity rate. 

The first reported case was an incidental finding 

on postmortem evaluation in a 24-year-old man 

in 1679. The first description of this defect in the 
neonate was in the early 1800s. The first success- 

ful surgery in an infant with CDH was reported in 

1902.’ During the first quarter of the twentieth 

century, due to the variable success rates, surgery 

was rarely used in the management of CDH; in 

fact, it was not until the 1940s that surgical repair 

of CDH became an accepted treatment.’ 

Clinically, four types of CDH have been de- 

scribed: (1) the anterolateral hernia, a congeni- 

tal absence of the diaphragm due to failure of 

formation of the lateral component of the sep- 

tum transversum in early embryogenesis; (2) the 

posterolateral hernia (also known as Bochdalek 

hernia) caused by failure of closure of the pleu- 

roperitoneal canal; (3) the pars sternalis hernia 

resulting from a deficiency of the medial retroster- 

nal portion of the septum transversum; 4) the 

Morgagni hernia resulting from failure of the 

muscular consolidation around the foramen of 
Morgagni.* While the defect occurs most com- 

monly on the left side, right-sided and bilateral 
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defects have also been described. Congenital 

diaphragmatic hernia can be an isolated finding 

or associated with a number of genetic or addi- 

tional congenital malformations.? 

> EPIDEMIOLOGY/ETIOLOGY 

Congenital diaphragmatic hernia is estimated to 

occur in 1:2000 to 1:3000 births.**? Bochdalek 

type hernias account for 96% of cases with 84% 

being left-sided, 13% right-sided, and 2% bilat- 

eral.° Male-female ratio varies from 0.92 to 1.25.’ 

There have been no reports of racial, ethnic, or 

other demographic risk factors. 

Isolated CDH, in the absence of other mal- 

formations or congenital anomalies, is thought 

to be familial with an estimated occurrence of 

less than 2%.° Autosomal recessive inheritance 

has been described in consanguineous Pakistani 

and Arab families”'° and more than 40 cases of 
recurrence in siblings have been identified.''’* 
Autosomal dominant and X-linked inheritance 

patterns are also described in families with iso- 

lated CDH.'? Chromosomal abnormalities are 
present in an estimated 33% of cases with 

CDH.°!*"° Table 24-1 summarizes the chromo- 
somal anomalies that have been associated with 

CDH; 



> TABLE 24-1 Chromosome Anomalies Reported with CDH 

X-Chromosome 

delXp22.2pter 

Monosomy/Trisomy/Aneuploidy Deletions/Translocations 

45, X (Ulrich-Turner syndrome) Chromosome 1 

Trisomy 2p 

Parital trisomy 5 

Trisomy 11p15 (BWS) 

Trisomy 13 

Trisomy 18 

Trisomy 20p 

Trisomy 21 

Trisomy 22 

47,XX,+mar 

47,XY+mar16 

47, XY¥+18,inv(2)(p11.2;q13) 

Mosiac trisomy 

46, XY/47,XY+14 

Triploidy 69, XXX 

Tetrasomy 12p 

Tetraploidy 21 

BWS, Beckwith-Weideman syndrome. 
Source: Enns et al. 1998, with permission of Wiley-Liss, Inc. 

(MIDAS syndrome) 

46,X,del(X)(p22.1) 
46,XY,del(1)(pter—q32.3::q42.3-qter) 

del(1)(q32—q42) 

dup(1)(q24—31.2) 

46,XY/46,XYdup(1)(q24—q31.2) 

46,XY,t(1;15)(q41;q21.2) 

46,XY,t(1;21)(q32;q22)pat 

t(1;21) 

der(1) 

Chromosome 3 

46,XY,del(3)(q21q23) 

del(3) 

46,XY,der(3;8)(q23;q23.1) 

Chromosome 4 

4p- 

Chromosome 6 

del6q23-ter 

46,XY,t(6;8)(q24;q23) 

Chromosome 7 

46,XY,—7+der(7)t(2;7)(p25.3:q34)mat 

46,XY,7—(q32) 

7q- 
, ctb(7)(q31.3) 

Chromosome 8 

46, XY,del(8)(p23.1) 

del (8) 

Balanced 8;14(q24;q21) 

46,XX,t(8;13)(q22.3;q22) 

46,XX,t(8;15)(q22.3;q15) 

r4,7q+,del(8),+mar 

Chromosome 9 

46,XY,—9+t(5q;9p) 
46,XY,—9+der(9)t(9;11)(p24;p12)pat 

46,XY,—9+der(9)t(9; 11)(p24;p13) 
Chromosome 10 

Balanced 10;X translocation 

Chromosome 12 

46,XY, del(12) 

Balanced 12;15 translocation 

Chromosome 13 

13q- 

Chromosome 14 

Abnormal 14 centromere 

Chromosome 15 

46,XY,del(15)(q24-qter) 

46,XX,—15,+der(15)t(15;17) 

(q24.3:q23.3) 

47,XY,t(15;21)(p12;p12) 
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> EMBRYOLOGY 

The diaphragm develops from four embryonic 
structures: (1) the septum transversum; (2) pleu- 
roperitoneal membranes; (3) dorsal mesentery 
of the esophagus; and (4) muscular ingrowth 
from the lateral body walls.'’ During the fourth 

through the fifth weeks of gestation, the septum 
transversum, composed of mesodermal tissue, 

forms an incomplete partition between the tho- 

racic and abdominal cavities leaving a large 

opening on either side of the esophagus. Dur- 

ing the sixth week of gestation, the pleuroperi- 

toneal membranes become more prominent as 

the lungs enlarge cranially and the liver expands 

caudally; these membranes are produced as the 
developing lungs and pleural cavities expand 

and invade the body wall ultimately fusing with 

the septum transversum and the dorsal mesentery 
of the esophagus, thus completing the separa- 

tion of the thoracic from the abdominal cavities. '” 
Finally, during the 9th through the 12th weeks of 

gestation, muscular ingrowth occurs from the lat- 

eral body walls. Of note, the right side of the 

diaphragm closes earlier than the left which may 

partially explain the higher incidence of left 

sided hernias. 
Concurrent with the development of the di- 

aphragm and separation of the thoracic cavity 

from the abdominal cavity lung development is 

also occurring. Lung development begins with 

formation of the tracheal bud during the fourth 

week of gestation. From this tracheal bud, the 

bronchial buds and subsequent branching and 

subdivisions eventually lead to the development of 

respiratory bronchioles by 24 weeks of gestation.’” 
The sixth week of gestation is an important time 

period during which lung growth contributes to 

the expansion of the pleuroperitoneal mem- 

branes eventually leading to separation of the 

thoracic cavity from the abdominal cavity. Given 

the overlap in lung and diaphragm development, 

some investigators have questioned whether it is 

the pulmonary malformation that leads to malde- 

velopment of the diaphragm or the diaphragmatic 

malformation that leads to pulmonary hypoplasia. 

While this question remains debatable in hu- 

mans, animal studies have shown that the di- 

aphragm develops normally in the absence of lung 
development.'® 

> PATHOGENESIS 

The lungs in CDH patients are physically smaller 

than normal, with fewer airway branches, with a 

reduced number of alveoli related to each termi- 

nal airway (pulmonary hypoplasia), and reduced 

surfactant production.'? Additionally, CDH pa- 

tients frequently have pulmonary hypertension 

thought to be related to small arterioles and ex- 

cessive smooth muscle formation.'? Although the 

pulmonary hypoplasia seen in CDH may be par- 

tially due to the space occupying herniated vis- 

cus and thus infringement of lung growth, more 

recent data suggests that lung growth and devel- 

Opment are multifactorial and the resulting pul- 

monary hypoplasia is not completely explained 

by herniation of the abdominal viscus. 

In addition to the body of literature suggest- 

ing possible environmental and/or genetic fac- 

tors, there is growing evidence in the literature 

to support the theory that deficiency of retinoic 

acid, the active form of vitamin A, may also be 

involved in CDH in animal models*®*? and in- 
terestingly, infants with CDH have decreased 

levels of vitamin A.** This area of research is 
ongoing and presents a very intriguing question. 

> CLINICAL PRESENTATION 

The severity of symptoms observed in patients 

with CDH depends on the timing, the size of 

the defect, and the resultant amount of herni- 

ated bowel. Patients with small defects may not 

present until much later in life. However, pa- 

tients with larger defects and significant bowel 

herniation often develop pulmonary hypopla- 

sia; these patients present with scaphoid ab- 

domen, cyanosis, severe respiratory distress, 

and pulmonary hypertension shortly after birth. 
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On prenatal ultrasound, there is often evidence 

of polyhydramnios; an absent or intrathoracic 

stomach bubble, with mediastinal or cardiac 

shift away from the side of the hernia. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

The incidence of additional malformations ob- 

served in infants with CDH is about 40% with a 

range of 25.6-58.3%.*° In a review of data from 

the Congenital Diaphragmatic Hernia Study 

Group, it was found that 10.6% of the 2636 CDH 
patients had associated significant heart defects.** 

The most frequently observed cardiac lesions 

were: ventricular septal defect (42.2%), aortic 

arch obstruction (15%), univentricular anatomy 

(13.9%), tetralogy of Fallot variants (11.1%), total 

anomalous pulmonary venous return (3.9%), 

double outlet right ventricle (3.2%), pulmonary 

stenosis (2.5%), transposition of the great arteries 

(2.5%), and other defects (5.7%).** Other systems 

with malformations associated with CDH in- 

clude genitourinary system (23%), gastrointestinal 

system (14%), central nervous system (10%).”° 

Table 24-3 summarizes the commonly reported 

malformations seen in infants with CDH. 

According to Enns et al at least 10% of pa- 

tients with CDH and additional birth defects have 

an underlying syndrome.° There are two main 

categories of syndromes associated with CDH 

that are linked to an identified gene: (1) syn- 

dromes featuring overgrowth, embryonal tumors, 

and CDH (Simpson-Golabi-Behlmel syndrome, 

Denys-Drash syndrome, Beckwith-Wiedemann 

syndrome, and Perlman syndrome), (2) syndromes 

in which defective mesoderm or connective tissue 

formation may cause CDH (craniofrontonasal syn- 

drome, spondylocostal dysostosis, and Marfan 

syndrome). Table 24-2 summarizes the syndromes 

that have been reported to occur in association 

with CDH. 

> EVALUATION 

Diagnosis is frequently made prenatally with 

evidence of bowel in the thoracic cavity ob- 

served on ultrasound. Evaluation at this time 

> TABLE 24-2 Syndromes Most Commonly Associated with CDH 

Syndrome Other Clinical Findings Inheritance 

Fryns syndrome Coarse face, broad nasal bridge, distal digital AR 

hypoplasia, Dandy-Walker malformation, 

agenesis of corpus callosum 

Beckwith-Wiedemann Macrosomia, omphalocele, macroglossia, AD 
syndrome ear creases 

Brachmann-de Lange Microbrachycephaly, synophyrs, thin, downturned Sporadic 
syndrome upper lip, micromelia 

Simpson-Golabi-Behmel Macrosomia, hypertelorism, macrostomia, XR 
syndrome postaxial polydactyly, umbilical/inguinal hernias 

Donnai syndrome Absent corpus callosum, hypertelorism, myopia, AR 
coloboma, sensorineural deafness, omphalocele, 
malrotation 

Denys-Drash syndrome Males pseudohermaphroditism, nephritic syndrome, AD 
Wilms tumor 

Perlman syndrome Macrosomia, nephroblastomatosis, Wilms tumor, AR 
CHD, Hypospadias, polysplenia, visceromegaly 

AR, autosomal recessive; AD, autosomal dominant; CHD, congenital heart disease; XR, X-linked recessive. 
Source: Enns et al. 1998, with permission of Wiley-Liss, Inc. 
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> TABLE 24-3 Malformations Associated 
with CDH 

Cardiac 11% 
Ventricular septal defects 42% 

Aortic arch obstruction 15% 

Univentricular anatomy 14% 

Tetralogy of Fallot variants 11% 

TAPVR 4% 

Double outlet right ventricle 3% 

Pulmonary stenosis 2% 

TGA 2% 

Genitourinary 23% 

Gastrointestinal 14% 

Central Nervous System 10% 

TAPVR, total anomalous pulmonary venous return; TGA, 
transposition of the great arteries. 

should include ultrasound visualization of other 

organs with close attention to the heart, geni- 

tourinary, and central nervous systems. Genetic 

counseling should be offered and, with parental 

consent, karyotype with microarray analysis 

should be obtained. 

Postnatally, an echocardiogram is recom- 

mended to look for cardiac anomalies and to 

evaluate for pulmonary hypertension. A renal 

ultrasound may be helpful in detecting renal 

anomalies and head ultrasound should be com- 

pleted to exclude any intracranial hemorrhage 

prior to placing the infant on extracorporeal 

membrane oxygenation (ECMO). If prenatal 

karyotyping was not performed, it is recom- 

mended that a high-resolution karyotype be per- 

formed on every infant with CDH presenting 

with additional malformations which are not 

secondary to the hernia itself.° 

> MANAGEMENT AND PROGNOSIS 

Every effort should be made to deliver all infants, 

known prenatally to have CDH, at a mulltidisci- 

plinary center offering tertiary care including 

neonatology and pediatric surgical services. In- 

fants born without a prenatal diagnosis usually 

present with severe respiratory distress and pul- 

monary hypertension and should be transferred 

to facilities equipped to provide care for these 

infants. 

Fetal surgery is offered under investigative 

protocols to patients who meet certain criteria 

at selected academic medical centers. Gener- 

ally, patients deemed appropriate for fetal in- 

tervention are those who would not survive 

with postnatal therapy alone.*° Some of the 

selection criteria include gestational age of 

22-28 weeks with liver herniation into the tho- 

racic cavity and absence of other anomalies; 

liver herniation, a lung-to-head circumference 

ratio (LHR) <1.0, and absence of other 

anomalies. 

The three types of fetal surgeries are: (1) open 

fetal repair, (2)open tracheal occlusion, and (3) 

fetoscopic tracheal occlusion. Open fetal repair 

is directed toward open, in utero, repair with 

one-stage surgical correction of the anatomical 

defect. Complications after open repair include 

preterm labor and fetal death. Of the 21 fetuses 

that had open fetal surgery repair, only five (24%) 

survived.*° Open tracheal occlusion is based on 

the findings in animal studies showing that de- 

creasing the egress of lung fluid by plugging or 

occluding the trachea, promotes lung growth. In 

human fetuses that have undergone in utero tra- 

cheal occlusion, the ex utero intrapartum treat- 

ment procedure (EXIT) is then used to deliver 

and intubate the fetus and safely remove the tra- 

cheal plug. Survival after tracheal occlusion with 

herniated liver is 15% and for herniated liver and 

LHR <1.4 is 33%.”° At present the best fetal 

surgery option appears to be fetoscopic tracheal 

occlusion using a clip on the trachea (Fetendo 

clip), or an intratracheal balloon. Survival rates 

reported for fetoscopic tracheal occlusion are 

48% in patients with herniated liver and LHR 

<1.0, and 73% in patients with herniated liver 

and LHR <1.4.°° Morbidities reported for this 

approach are: bilateral recurrent laryngeal nerve 

injuries, and tracheal stenosis.”° 
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In cases of prenatally diagnosed CDH, the 

infant should immediately undergo endotra- 

cheal intubation upon delivery to facilitate me- 

chanical ventilation. The bag and mask ventila- 

tion of these infants should be avoided and a 

nasogastric tube should be inserted to prevent 

gaseous distention of the bowel. Pre- and post- 

ductal saturations should be monitored for evi- 

dence of right to left ductal shunting secondary 

to pulmonary hypertension. An arterial blood 

sample should be obtained as soon as possible 

to determine ventilation, oxygenation, and acid 

base status. A chest x-ray should be obtained to 

evaluate for the side and extent of intestinal her- 

niation. Infants who present with severe respi- 

ratory distress, severe pulmonary hypertension 

complicated by persistent hypoxemia and se- 

vere hypercapnia, may be candidates for ECMO 

and should be transferred, when stable, to fa- 

cilities with ECMO capabilities. 

Based on observations of decreased surfac- 

tant in animal models of CDH, several’ authors 

have reported the use of exogenous surfactant 

in infants with CDH.*”* According to Doyle 

and Lally, numerous reports using data from the 

CDH registry have been presented on surfactant 

use in infants with CDH, however, investigators 

have failed to demonstrate any benefit with sur- 

factant use.*? The use of surfactant has been 

studied in both term and preterm infants with CDH 

and these studies have suggested evidence of harm 

with surfactant use and no evidence of any bene- 

fit.?°°° Therefore, routine use of exogenous sur- 

factant cannot be recommended for these infants. 

Nitric oxide, when used as initial therapy for 

infants with CDH and severe respiratory failure 

does not appear to improve overall survival or 

reduce the need for ECMO.°' However, it may 

be useful in patients with CDH later in their hos- 

pital course after the surgical repair of the di- 

aphragmatic defect as many infants with CDH 

have pulmonary hypertension that may last for 
months or longer.*” 

After birth, surgical repair of the defect is the 

primary goal of treatment but the optimal tim- 

ing of surgery remains unclear.*? During the 

1980s, emergency surgery for CDH was thought 

to be the rule rather than the exception. When 

it was discovered that the pulmonary hyperten- 

sion and pulmonary hypoplasia were responsi- 

ble for the high mortality and morbidity rates, 

delayed surgical approach was introduced. Di- 

aphragm reconstruction with a prosthetic material, 

such as Gortex is the preferred surgical proce- 

dure.”’ Postoperative management involves close 

attention to ventilator management with the goal 

of minimizing barotrauma, ensuring adequate 

oxygenation while minimizing hypercarbia and 

acidosis. Monitoring of the infants’ fluid status, 

cardiovascular function, nutrition, and pain man- 

agement is also imperative. 

While CDH remains a high-risk disease, cur- 

rent management strategies have resulted in sur- 

vivals of 85-90% in some centers.*) However, 

the overall mortality rate remains at 50% with 

significant morbidity in survivors.*? At present 

the best prognostic indicators for CDH are the 

presence or absence of liver herniation into the 

chest across the diaphragmatic defect and pre- 

natal sonographic measurement of lung/head 

ratio.2°** Prognosis is poor when the liver is in- 

trathoracic and LHR is less than 1.°? Additional 

findings associated with a poor prognosis 

include: the presence of polyhydramnios, the 

presence of CDH at less than 25 weeks estimated 

gestational age, and the presence of associated 

chromosomal or congenital anomalies.*° Other 

factors associated with a significant decrease in 

survival rate are: initial PCO2 >50, PO2 <40, car- 

diac defects, and renal failure.** 

Long-term outcome of patients with CDH 

depends on the degree and severity of pul- 

monary hypoplasia. In long-term survivors, in 

addition to reactive airway disease, extrapul- 

monary complications such as failure to thrive, 

gastroesophageal reflux, and musculoskeletal 

deformities are not uncommon. There is a high 
incidence of neurological complications in chil- 
dren with CDH, independent of exposure to 
ECMO. Sensorineural hearing loss, seizures and 
developmental delay may be seen in up to 20% 
of patients.*° 
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> GENETIC COUNSELING 

The inheritance pattern for sporadic CDH is 
poorly understood, but, the recurrence risk in 
siblings is estimated to be up to 2%.®°° In cases 
of CDH occurring as part of an autosomal reces- 
sive syndrome (e.g., Fryns syndrome), the recur- 
rence risk could be as high as 25%. Familial CDH, 

which is inherited as an autosomal dominant 

condition has a 50% recurrence risk.*° Prenatal 
screening by early prenatal sonography should 

be offered in subsequent pregnancies. 

10. 
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Congenital Hydrothorax 
SANDRA B. CADICHON 

> INTRODUCTION 

Fetal hydrothorax or congenital hydrothorax 

refers to a collection of fluid within the fetal 

thoracic cavity as a result of lymphatic leakage 

or generalized fluid retention from a variety of 

causes. Congenital hydrothorax can occur bilat- 

erally or unilaterally and can be divided into 

two broad categories: (1) primary hydrothorax, 

also known as chylothorax, is frequently a result 

of damage to the lymphatic ducts or channels; 

(2) secondary hydrothorax is a pleural effusion(s) 

resulting from or associated with chromosomal 

anomalies, congenital heart defects, cardiac ar- 

rhythmias, multiple malformations, or hydrops. 

The natural history of hydrothorax varies from 

spontaneous regression with intact survival to 

fetal or neonatal death and the prognosis de- 

pends on the underlying pathology leading to 

the hydrothorax. 

> EPIDEMIOLOGY/ETIOLOGY 

Primary hydrothorax occurs in approximately 

1:10,000-15,000 pregnancies. This type of hy- 

drothorax is usually bilateral, with no right or left 

side predominance noted for unilateral lesions.’ 

Secondary hydrothorax has a prevalence of 1 

case per 1500 live births* and often occurs sec- 

ondary to maternal or fetal disorders such as 
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isoimmunization, infection, aneuploidy, fetal ar- 

rhythmias, structural anomalies of the fetal tho- 

rax, and malformations of the placenta and the 
umbilical cord. 

Primary hydrothorax occurs as a result of 

damage to the thoracic duct, or abnormal devel- 

opment of the lymphatic channels; in many cases, 

no underlying cause can be found. In contrast, 

conditions to consider in the differential diagno- 

sis of causes of secondary hydrothorax include: 

(1) immune hydrops with fetal anemia and heart 

failure usually resulting from Rh isoimmuniza- 

tion or similar disorders; (2) nonimmune hy- 

drops resulting from (a) fetal heart failure and 

anemia (e.g., twin-twin transfusion, chronic fetal- 

maternal hemorrhage, fetal parvo virus infec- 

tion) (b) fetal heart failure resulting from fetal 

tachyarrhythmia, bradyarrythmia, arteriovenous 

malformations (at various locations including 

the placenta and causing large systemic-to-venous 

shunts), cardiac malformations with ventricular 

hypoplasia and premature closure of the fora- 

men ovale, fetal viral infections often associated 

with myocarditis; (3) large space-occupying le- 

sions within the thorax that obstruct venous return 

to the heart (e.g., congenital cystic adenomatoid 

malformation [CCAM], congenital mediastinal 

teratoma, congenital diaphragmatic hernia [CDH], 

enlarged fetal lungs associated with laryngeal 

atresia); and (4) chromosomal abnormalities 

such as Turner syndrome and Down syndrome.? 



160 PART IV RESPIRATORY MALFORMATIONS 

A 7% fetal aneuploidy rate, without associated 

structural anomalies, has been reported in a 

number of studies.’ In a large study by Waller 

et al, 246 cases of congenital pleural effusions 

were evaluated and the prevalence of chromo- 

somal abnormalities was 35.4%; the aneuploidy 
rate was 63% among the first trimester cases in 

this study.° 

> CLINICAL PRESENTATION 

Prenatally, the fetus will be noted to have pleural 

effusions and often polyhydramnios on ultra- 

sound. Depending on the severity and duration 

of the hydrothorax, hydrops fetalis with skin 

edema, scalp edema, and ascites may be present. 

After delivery, clinical presentation can vary 

from an asymptomatic infant in the presence of 

small effusion to a critically ill infant with large 

effusions presenting with cyanosis and respira- 

tory distress requiring mechanical ventilation. If 

there was progression to hydrops in utero, post- 

natal physical examination will also reveal gen- 

eralized body edema. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Primary hydrothorax often occurs as an isolated 

finding. Secondary hydrothorax is more likely 

to be associated with malformations or multiple 

congenital anomalies. Associated malformations 

include: cardiac defects, renal anomalies, and 

omphalocele.° Syndromes frequently associated 

with hydrothorax include Noonan syndrome, 

Turner syndrome, Down syndrome, and Ed- 

wards syndrome. The important clinical features 

associated with these syndromes and other syn- 

dromes presenting with hydrothorax in the peri- 

natal period are summarized in Table 25-1. 

> EVALUATION 

Carroll was the first to describe the sonographic 

diagnosis of fetal hydrothorax in 1977.’ Serial 

ultrasounds may demonstrate spontaneous re- 

gression of the effusion in utero, or develop- 

ment of polyhydramnios, hydrops, and fetal 

demise; therefore, it is crucial to monitor af- 

fected fetuses on a regular basis. Prenatal diag- 

nostic evaluation should include ultrasound 

to evaluate for multiple gestations. Referral to 

a high-risk obstetrics group is recommended. 

A level II ultrasound to document presence of 

other anatomic abnormalities as well as a fetal 

echocardiogram to evaluate for congenital heart 

defects are both essential. Maternal laboratory 

evaluation for blood type, Rh, antibody screen, 

Kleinhauer-Betke stain, as well as, serology for 

parvo virus infection should be considered. Ad- 

ditional evaluation should include cordocentesis 

to evaluate for fetal anemia and an amniocen- 

tesis for karyotyping. Figure 25-1 offers a sug- 

gested algorithm for evaluation of a fetus with 

congenital hydrothorax. 

After delivery, a careful examination to evalu- 

ate for dysmorphic features is important. However, 

this may be difficult to assess in the presence of 

significant body edema in some cases. Maternal 

Kleinhauer-Betke stain may be helpful if the in- 

fant presents with significant anemia. Maternal 

TORCH (toxoplasmosis, rubella, cytomegalovirus 

[CMV], herpes, varicella, syphilis) titers, serology 

for parvo virus should be considered. A chest 

and abdominal x-ray should be performed to 

evaluate for the extent of the effusions and as- 

cites. An echocardiogram is necessary to evalu- 

ate for congenital heart defects and to exclude 

associated pericardial effusion. Renal ultrasound 

to evaluate for renal anomalies and chromoso- 

mal analysis are also useful in establishing the 

diagnosis. If sufficient pleural fluid is drained, 

this fluid should be sent for analysis and may 

help differentiate chylous from nonchylous effu- 

sion. Chylothorax is suggested by the predomi- 

nance of lymphocytes (>70-90%), high triglyceride 
count, elevated protein, and albumin concentra- 
tions. However, analysis of pleural fluid may be 
unreliable in infants who are not being fed or 
have never been fed enterally, in these patients 
a diagnosis of chylothorax is suggested by de- 
tecting a high lymphocyte count in the pleural 
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Syndrome Other Clinical Features Etiology 

Adams-Oliver syndrome 

Down syndrome 

Edwards syndrome 

Noonan syndrome 

Turner syndrome 

Aplasia cutis congenital:terminal 

transverse defects of the limbs; 

microcephaly, encephalocele; 

cleft lip/palate; cardiac defects 

Hypotonia; flat facies; slanted 

palpebral fissures; small ears; 

simian crease; congenital 

heart defect; variable range of 

mental retardation 

Clenched hand; tendency for 

overlapping of index finger 

over third, fifth finger over fourth; 

prominent occiput; narrow bifrontal 

diameter; low set ears; short 

sternum; low arch dermal ridge 

patterning on fingertips; 

Webbing and short appearance 

of neck; pectus excavatum; ptosis; 

hypertelorism; downward 

sloping eyes; pulmonary valve 

stenosis; PDA; thrombocytopenia; 

delayed puberty, short stature; 

mental retardation 

Short female; low posterior hair line 

with webbing of neck; broad chest 
with wide spacing of nipples; 

AD 

Trisomy 21 

Xp11.23,21q22.3,1q43 

Trisomy 18 

AD 

12p12.1 

12q24.1 

50% with mutations in 

PTPN11 gene 

Monosomy XO 

congenital lymphedema 

PDA, patent ductus arteriosus; AD, autosomal dominant. 

fluid. If the fluid proves to be chylous in nature 

and dysmorphic features and other findings are 

suggestive of Noonan syndrome (see Table 25-1), 

evaluation for a mutation in the PTPN11 (Pro- 

tein Tyrosine Phosphatase, Nonreceptor type 

11) gene should be done. This mutation is pre- 

sent in approximately 50% of cases of Noonan 

syndrome. 

> MANAGEMENT AND PROGNOSIS 

Conservative management of the pregnancy is 

the preferred management option in most cases 

of fetal hydrothorax.’ However, intervention 

should be considered if the hydrothorax worsens 

or progression to hydrops is identified. Currently 

three techniques are described for management 

of worsening hydrothorax in a fetus. Thoraco- 

centesis was first described as a treatment for pri- 

mary fetal hydrothorax in 1982. The procedure, 

however, is limited by the rapid reaccumulation 

of fluid,” additionally, there has been a concern 

that repeated thoracocentesis can produce hy- 

poproteinemia which could favor the develop- 

ment of hydrops.’ Pleuroamniotic shunting for 

fetal hydrothorax was proposed in 1986 and uti- 

lizes the same basic principles used for draining 

fetal urinary collections and hydrocephalus. In 

this procedure, a surgically placed catheter creates 

a communication between the fetal pleural space 

and the amniotic cavity allowing for continuous 
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Figure 25-1. Algorithm for management of fetal hydrothorax. (Reprinted from Bianchi, DW, 

Crombleholme TM, D’Alton ME, eds. Fetology: Diagnosis and Management of the Fetal Patient. 

New York: McGraw-Hill; 2000:377.) 

drainage of fluid. While studies demonstrate that 

20-30% of shunts may migrate or obstruct, in most 

cases, the shunt allows for continuous decom- 

pression of the effusion.* Other reported compli- 

cations of pleuroamniotic shunting include: shunt 

reversal where amniotic fluid drains into the fetal 

thoracic cavity, and maternal ascites.’ Finally, a 

single case of pleurocutaneous drainage was re- 

ported in 1986 with favorable outcome.® To date, 

no other reports of successes or failures have 

been described in the use of pleurocutaneous 

drainage. 

After delivery, the newborn is at risk for sig- 

nificant respiratory insufficiency secondary to 

effusion and associated pulmonary hypoplasia. 

It is recommended that infants with prenatally 

diagnosed hydrothorax be delivered at a tertiary 

care center. Prenatally placed shunts should be 

removed or clamped during delivery to avoid 

pneumothorax. Thoracentesis and possibly 

paracentesis may be required in the delivery 

room to facilitate resuscitation if large effusions 

are present. Chest and abdominal x-rays should 

be obtained once the infant is stable. If the in- 

fant does not develop respiratory distress, only 

a period of close observation may be required. 

Other patients may require prolonged mechan- 

ical ventilation and tube thoracostomy for an 

extended period of time to facilitate resolution 

of large effusions. 

When stable and ready to feed, infants with 

chylous effusions should be given a diet high in 

medium-chain triglycerides; this will allow di- 

rect absorption of triglycerides into the blood- 

stream effectively, decreasing its absorption and 

flow from the thoracic duct in the form of chyle. 
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If tube thoracostomy and dietary restrictions 
prove ineffective, then pleurodesis or thoracic 
duct ligation may be indicated and there may 
be a need for prolonged total parenteral nutri- 

_ tion in these cases. 

In the last decade, the use of octreotide in 

the treatment of congenital chylothorax has 
been increasing especially in difficult cases in 

which there has been a failure of traditional 

medical and surgical approaches. Octreotide, a 

somatostatin analogue, used to treat chylotho- 

rax was first reported in an adult in 1990.? In 

2003, the first report of successful use of oc- 

treotide in a neonate with chylothorax was re- 

ported.'° Since then a number of case reports of 

octreotide for treatment of congenital hydrotho- 

rax have been described in the literature.'!~’° 

While the exact mechanism of action in the treat- 

ment of chylothorax is unclear, it is believed that 

octreotide causes mild vasoconstriction of splanch- 

nic vessels and reduces gastric, pancreatic, and 

intestinal secretions as well as intestinal absorp- 

tion and hepatic venous flow; this may collec- 

tively act in concert to reduce chyle flow, thus fa- 

cilitating resolution of the pleural effusions.’ 

Potential side effects relate to the suppressive ac- 

tions on the gastrointestinal motility and secre- 

tions, with transient loose stools, nausea, flatu- 

lence, hypoglycemia, and liver dysfunction being 

the most common. 
In a large review of 204 cases of primary hy- 

drothorax spontaneous regression was docu- 

mented in 29%; this was more likely to occur if 

the diagnosis was made early in the second 

trimester, in the presence of unilateral effusion, 

and in absence of polyhydramnios or hydrops.’ 

Mortality is often due to pulmonary hypoplasia 

which can occur in up to 30% of affected fetuses.’ 
Since the advent of prenatal therapy (fetal thora- 

centesis and thoracoamniotic shunting), the mor- 

tality rate has improved, especially in fetuses with 

isolated pleural effusions and normal chromo- 

some complements.° Nonetheless, the prognosis 

for primary hydrothorax is better than the outcome 

for secondary hydrothorax. The fetal mortality rate 

for primary hydrothorax ranges from 22% to 

53% as compared to 95-98% mortality reported 

for secondary hydrothorax.'*>!° 

> GENETIC COUNSELING 

To date, there have been no reports of isolated 

primary hydrothorax occurring in siblings. Ge- 

netic counseling in cases that are found to be 

associated with chromosomal anomalies or doc- 

umented syndromes will depend on the inheri- 

tance pattern of the individual syndrome. 
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CHAPTER 26 

Congenital Pulmonary 
Lymphangiectasia 

SANDRA B. CADICHON 

> INTRODUCTION 

Congenital pulmonary lymphangiectasia (CPL) 

is a rare disorder of the lymphatic system char- 

acterized by diffuse dilation of the lymphatic 

channels in the peribronchial, subpleural, and 

interlobular septa in the lungs. Two forms of 

pulmonary lymphangiectasia are clinically rec- 

ognized: primary or congenital and secondary, 

which occurs as a result of injury to the lym- 

phatic vessels. Noonan et al classified CPL into 

three groups: (1) generalized lymphangiectasia, 

(2) pulmonary venous obstruction with sec- 

ondary lymphangiectasia, and (3) primary pul- 

monary lymphatic developmental anomaly.’ 

The generalized form of CPL has less severe 

pulmonary disease and is characterized by in- 

testinal lymphangiectasia, hemihypertrophy, 

and angiomatosis; this form has a better prog- 

nosis.’ In the second group, the primary fea- 

tures are cardiac anomalies that cause obstruc- 

tion of pulmonary venous return and pulmonary 

venous hypertension with pulmonary lymphang- 

iectasia being a result of this obstructive process. 

The third group is isolated lymphangiectasia of 

the lungs without cardiac or other lymphatic ab- 

normalities. Occasional cases of CPL involving 
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only one or two lobes of the lung and the me- 

diastinum have also been reported.*? 

> EPIDEMIOLOGY 

Pulmonary lymphangiectasia is a rare disorder 

and its incidence is unknown. Autopsy results 

suggests that 0.5—1% of infants who are stillborn 

or die in the neonatal period have pulmonary 

lymphangiectasia.*° A number of case series 

suggests that there is a male predominance. 

While this disorder is usually fatal in the neona- 

tal period, cases of survival beyond infancy have 
been reported”® and presentation during adult- 

hood has also been documented.”® 

> EMBRYOLOGY/ETIOLOGY 

The pulmonary lymphatics system is normally well 

developed by the end of the 14th week of gesta- 

tion. Initially, large lymph channels are present in 

the normal fetal lungs which later undergo spon- 

taneous regression. It is believed that failure of 

these channels to undergo the normal regression 

leads to primary pulmonary lymphangiectasia.” 
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Congenital pulmonary lymphangiectasia is thought 

to be a heterogeneous disorder, with most cases 

occurring sporadically.” Reports of occurrence in 

siblings suggest a genetic inheritance in some 

families and possibly an autosomal recessive 

mode of transmission in some cases.”"° 

> CLINICAL PRESENTATION 

In the prenatal period the fetus may develop 

nonimmune hydrops, bilateral pleural effusions 

or chylothorax, and often polyhydramnios. 

Many infants are stillborn. Most neonates born 

with this disorder develop cyanosis, tachypnea, 

and worsening respiratory distress either imme- 

diately or within hours after birth and usually 

require mechanical ventilation support for sur- 

vival. Patients surviving the neonatal period and 

who present later in life typically present with 

tachypnea, recurrent cough, wheezing, and 

chest pain in some. Not uncommonly, chylous 

effusions are present. Patients with intestinal in- 

volvement may develop chylous ascites. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Congenital pulmonary lymphangiectasia can be 

found in up to 62% of the cases of total anom- 

alous pulmonary venous return.'* Other con- 

genital cardiac malformations observed with 

congenital pulmonary lymphangiectasia include 

hypoplastic left heart syndrome, pulmonary vein 

atresia, congenital mitral stenosis, and cor- 

triatriatum.'? The majority of malformations oc- 

curring with congenital pulmonary lymphang- 

iectasia are cardiac, however, hemihypertrophy 

and angiomatosis can occur in the generalized 

form of congenital pulmonary lymphangiectasia. 

Syndromes that may occur in conjunction 

with CPL include: Noonan, Down, Turner, Fryns, 

and congenital ichthyosis. There has been at 

least one case report of congenital pulmonary 

lymphangiectasia occurring in a patient with 

Hennekam syndrome. '° Table 26-1 summarizes 

the hereditary syndromes associated with con- 

genital pulmonary lymphangiectasia. 

> EVALUATION AND MANAGEMENT 

As with all infants presenting with unusual or 

congenital pathology, a complete and thorough 

physical examination is essential. Patients pre- 

senting in the neonatal period demonstrate a 

ground glass appearance on chest x-ray and 

pleural effusions are evident. In infancy and 

childhood, chest x-ray typically shows reticu- 

lonodular interstitial markings and hyperinfla- 

tion.’ If significant pleural effusions are present, 

a chest tube should be placed; the pleural fluid 

should be sampled and analyzed. In infants who 

are not being fed or have never fed enterally, 

pleural fluid may be unreliable. Therefore, in 

these patients, a diagnosis of chylothorax is sug- 

gested by detection of a high lymphocyte count 

in the pleural fluid. 

Recently, high resolution computed tomog- 

raphy (CT) scan has been used as a diagnostic 

modality to assist in the diagnosis of congenital 

pulmonary lymphangiectasia. A constellation of 

features that include intralobular and _peri- 

bronchial thickening, patchy ground-glass opaci- 

fication, pleural effusion, and pleural thickening 

found on CT are highly suggestive of congenital 

pulmonary lymphangiectasia.* In many patients, 

an open-lung biopsy may assist in the diagnosis 

and differentiation from other forms of lung 

disease but may not be feasible in a critically 

ill infant. Other studies to consider include: 

an echocardiogram to evaluate for congenital 

heart defects, karyotyping, and genetic testing 
to evaluate for chromosomal anomalies. If other 
findings are suggestive of Noonan syndrome 
(see Table 26-1) evaluation for a mutation in 
the protein tyrosine phosphatase, nonreceptor 
type 11 (PTPN11) gene should be done. Fur- 
thermore, evaluation of the parents should be 



CHAPTER 26 CONGENITAL PULMONARY LYMPHANGIECTASIA 167 

> TABLE 26-1 Syndromes Associated with Pulmonary Lymphangiectasia (Modified from: Bellini C, 
Boccardo F, Campisi C, et al. Pulmonary lymphangiectasia. Lymphology. 2005;38:111-21.) 

Syndrome Other Clinical Features Etiology 

Camptomelia, Cumming 

type 

German syndrome 

Hennekam 

lymphangiectasia 

Hypotrichosis-lymphedema- 

telangiectasia syndrome 

Idiopathic hydrops fetalis 

Intestinal lymphangiectasia 

Knobloch syndrome 

Lymphedema/cerebral 

arteriovenous anomaly 

Lymphedema 

hypoparathyroidism 

syndrome 

Noonan syndrome 

PEHO syndrome 

(Progressive 

Encephalopathy with 

Edema, 

Hypsarrhythmia, and 

Optic atrophy) 

Urioste syndrome 

(persistence of 

Mullerian derivatives, 

with lymphangiectasia 

and postaxial 

polydactyly) 

Yellow nail syndrome 

Generalized lymphedema; cervical lymphocele; 

shortness of limbs; bowed long bones; 

multicystic kidneys; fibrotic liver or pancreas 

Arthrogryposis; hypotonia-hypokinesia 

sequence; lymphedema 

Flat face; flat nasal bridge; hypertelorism; 

epicanthal folds; small mouth; teeth 

anomalies; intestinal lymphangiectasia; 

lymphedema of the limbs, genitalia 

and face; severe mental retardation; 

Hypotrichosis; lymphedema; telangiectasia 

Generalized edema of the fetus; congenital 

pulmonary lymphangiectasia 

Edema of the legs; ulcers in males; 

dysproteinemia; lymphangiectasias; 

lymphocytopenia; hypogammagjiobulinemia; 

protein-losing enteropathy 

Retinal detachment; high myopia; occipital 

encephalocele; normal intelligence 

Lymphedema of the feet; cerebrovascular 

malformations 
Congenital lymphedema; hypoparathyroidism; 

nephropathy; mitral valve prolapse; 

brachytelephalangy 

Webbing and short appearance of neck; 

pectus excavatum; ptosis; hypertelorism; 

downward sloping eyes; pulmonary valve 

stenosis; PDA; thrombocytopenia; delayed 

puberty, short stature; mental retardation 

Severe hypotonia; hyperreflexia; convulsions 

with hypsarrhythmia; mental retardation; 

encephalopathy; transient or 

persistent edema 

Prenatal growth deficiency; hypertrophied 

alveolar ridges; redundant nuchal skin; 

postaxial polydactyly; cryptorchidism; 

lymphangiectasia; renal anomalies 

Yellow nails; lymphedema; edema of genitalia, 

hands, face, and vocal cords; primary 

hypoplasia of lymphatics 

Autosomal recessive 

Autosomal recessive 

Autosomal recessive 

Autosomal recessive 

20q13.33 

Autosomal recessive 

Autosomal dominant 

Autosomal recessive 

219q22.3 

Autosomal dominant 

X-linked 

Autosomal dominant 

12p12.1 

12q24.1 

50% with mutations 

in PTPN11 gene 

Autosomal recessive 

Autosomal recessive 

Autosomal dominant 

16q24.3 
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considered for undiagnosed mild cases of Noo- 

nan syndrome. 

> MANAGEMENT AND PROGNOSIS 

Management of these patients is typically sup- 

portive in nature, with mechanical ventilation 

for respiratory failure, pleural drains, and re- 

placement of fluids as needed. A diet rich in 

medium-chain triglycerides and total parenteral 

nutrition have been found to decrease forma- 

tion of the chylous effusion.” Antiplasmin and 

octreotide have been used to reduce lymphatic 

losses in intestinal lymphangiectasia, but have 

not been evaluated in congenital pulmonary 

lymphangiectasia.* Surgical procedures such as 

pleurodesis and pleuroperitoneal shunts have 

been used for intractable pleural effusions. 

Mortality from congenital pulmonary lym- 

phangiectasia was previously thought to be 100% 

in the neonatal period. However, with improved 

neonatal intensive care management, this is no 

longer thought to be a universally fatal disease. 

A number of cases describing survival beyond 

infancy have been reported.”*"”® 

An improvement in respiratory status during 

infancy and childhood has been reported in 

most long-term survivors, with many of these 

patients having only minimal symptoms by the 

age of 6 years. Some patients, however, con- 

tinue to have recurrent respiratory problems for 

the first several years of life.4'7!? Common 

symptoms include recurrent cough and wheeze 

that is variably responsive to bronchodilators, 

increased sensitivity to respiratory infection and 

multiple hospitalizations; a few patients are re- 
ported to require home supplemental oxygen 

for a period of time.* While the pleural effu- 
sions eventually resolve, chest x-rays continue 

to show hyperinflation with stable or decreas- 

ing interstitial markings.* Other medical prob- 

lems that occur in long-term survivors include 

gastroesophageal reflux and poor growth in the 

first few years of life; with resumption of nor- 
mal growth pattern by age 3 years.*1° 

> GENETIC COUNSELING 

Since congenital pulmonary lymphangiectasia 

has no known definitive genetic basis, the recur- 

rence risk is unknown and has not been reported 

to our knowledge. However, the recurrence risk 

in subsequent pregnancies is considered to be 

higher than in the general population and could 

be as high as 25% due to undiagnosed autoso- 

mal recessive disorders in the index pregnancy. 

Future pregnancies should be closely monitored 

by serial ultrasound for early detection of pleural 

effusions. Genetic counseling for families of in- 

fants with a known syndrome or chromosomal 

anomaly should be based on recurrence risk of 

the syndrome or anomaly itself. 
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Septal Defects 
BARBARA K. BURTON 

> ATRIAL SEPTAL DEFECT 
(EXCLUDES PATENT FORAMEN 
OVALE) 

> INTRODUCTION 

Atrial septal defect (ASD) is a defect in the atrial 

septum which leads to a communication between 

the right and left atrium. The most common form 

is the secundum type of ASD which represents 

85% of all ASDs and 8-10% of all congenital 

heart defects. 

> DIAGNOSIS 

Most infants with a secundum ASD do not have 
symptoms and the defect is rarely diagnosed in 

the neonatal period unless an echocardiogram 

is performed. The diagnosis is usually made 

when a child is evaluated for a systolic murmur 

which may be difficult to distinguish from the 

murmur of pulmonic stenosis. The characteristic 

finding of an ASD is a fixed split second heart 

sound, however. When a large left to right shunt 

is present, a mid-diastolic murmur can be heard 

across the tricuspid valve in addition to the sys- 

tolic murmur across the pulmonic valve. Chest 

radiography reveals volume overload on the 

right side of the heart and increased pulmonary 

vasculature. Electrocardiogram (ECG) reveals 
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right axis deviation and right ventricular hyper- 

trophy with an incomplete right bundle branch 

block pattern. The defect can be identified by 

echocardiography. 

> INCIDENCE AND ETIOLOGY 

ASD usually occurs as an isolated anomaly with 

an incidence of close to 1 per 1000 in the general 

population. The defect is more common in females 

than in males with a sex ratio of 1:2. Although 

most commonly isolated, it can be associated with 

a number of different malformation syndromes in- 

cluding chromosome anomalies, single gene dis- 

orders, and teratogenic syndromes. These are 

listed in Table 27-1. One of the best known syn- 

dromes associated with ASD is the Holt-Oram syn- 

drome which is associated with ASD in over 50% 

of cases. Other characteristic features of this auto- 
somal dominant disorder include defects of the 

upper limb and shoulder girdle. 

Although isolated sporadic cases of ASD are 

felt to most often be multifactorial in nature with 

multiple genes or genes and environmental fac- 

tors playing a role in causation, specific envi- 

ronmental factors have not been identified. In 

some families, ASD may be inherited in a single 

gene pattern with autosomal dominant trans- 

mission being well-documented. Two specific 

genes have been linked to families in which 
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> TABLE 27-1 Syndromes Commonly Associated with Cardiac Septal Defects 

Syndrome 

Type of Cardiac 

Defect 

Other Associated 

Findings Etiology 

Chromosome 

Anomalies: 

Trisomy 13 

(Fig. 27-2) 

Trisomy 18 

(Fig. 27-1) 

Trisomy 21 

(Down syndrome) 

4p deletion syndrome 

(Wolf-Hirschhorn 

syndrome) 

22q11 deletion 

syndrome 

(Velocardiofacial 

syndrome) 

Single Gene Disorders: 
ASD with 

conduction defects 

3C syndrome 

(Craniocerebello- 

cardiac dysplasia; 

Ritscher-Schinzel 

syndrome) 

CHARGE syndrome 

ASD, VSD, AVC 

VSD, AVC 

AVC, VSD 

ASD 

VSD 

ASD 

VSD, AVC 

ASD, VSD 

Eye malformations; scalp 

defects; oral clefts; 

polydactyly; 

cryptorchidism 

Intrauterine growth 

retardation; overlapping 

fingers; prominent 

occiput 

Characteristic facies; 

hypotonia; excess skin 

nape of neck; single 

palmar crease 

Intrauterine growth 

retardation; 

microcephaly; 

hypertelorism; cleft 

lip/palate; hypospadias 

Cleft palate; narrow 

palpebral fissures; 

hypocalcemia; 

hypotonia; thymic 
hypoplasia 

Progressive 

atrioventricular block 

Macrocephaly; 

downslanting palpebral 

fissures; hypertelorism; 

Dandy-Walker 

malformation 

Retinal colobomas; 

choanal atresia; growth 

and developmental 

retardation; genital 

anomalies; ear 

anomalies; deafness 

De novo due to 

nondisjunction in 

vast majority; familial 

translocation in 

small percentage 

De novo due to 

nondisjunction in 

vast majority; familial 

translocation in 

small percentage 

De novo due to 

nondisjunction in 

vast majority; familial 

translocation in 

small percentage 

Deletion may be 

submicroscopic 

detectable only by 
FISH; De novo in 

most cases; parents 

must be studied to 

rule out balanced 

rearrangement 

Submicroscopic 

deletion; de novo in 

90% of cases; 

inherited from 

parent in 10% 

Autosomal dominant 

NKX2.5, 5q34 

Autosomal recessive 

Autosomal dominant 

CHD7, 8q12.1 
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> TABLE 27-1 Syndromes Commonly Associated with Cardiac Septal Defects (Continued) 

Syndrome 

Ellis-van Creveld 

syndrome 

(Chondroectodermal 

dysplasia) 

Fryns syndrome 

Holt-Oram syndrome 

Hydrolethalus 

syndrome 

Kabuki syndrome 

McKusick-Kaufman 

syndrome 

Noonan syndrome 

Oral-facial-digital 
(OFD) syndrome II 

(Mohr syndrome) 

Rubinstein-Taybi 

syndrome 

Simpson-Golabi- 
Behmel syndrome 

Type of Cardiac 

Defect 

ASD 

VSD 

ASD, VSD, AVC 

AVC 

ASD, VSD 

AVC 

ASD, AVC 

AVC 

ASD 

VSD 

Other Associated 

Findings Etiology 

Short limbs; short ribs; 

polydactyly; dysplastic 

nails and teeth 

Coarse facies; 

diaphragmatic hernia; 
hypoplastic nails and 

distal phalanges; usually 

lethal in newborn 

Upper limb defects ranging 
from absent, hypoplastic, 

or triphalangeal thumbs 

to limb reduction defects; 

narrow, sloping shoulders 

Hydrocephalus; polydactyly; 

duplicated great toes; 

small eyes, small nose, 

oral clefts; unusually 

lethal in newborn 

Characteristic facies with 

long palpebral fissures; 

eversion of lower lids; 

cleft palate; hypotonia 

Hydrometrocolpos; 

hypospadias; polydactyly 

Short stature; dysmorphic 

facies; excess skin folds 
nape of neck or webbed 

neck; hypertrophic 

cardiomyopathy; 

cryptorchidism 

Pseudocleft of upper lip; 

lobate tongue; 

polydactyly; syndactyly; 

tachypnea; laryngeal 

anomalies 
Microcephaly; beaked 

nose; broad thumbs 

and great toes 

Macroglossia; coarse 

facies; accelerated 

growth; polydactyly; 

arrhythmias 

Autosomal recessive 

EVC, 4p16 

Autosomal recessive 

Autosomal dominant 

TBX5, 12q24.1 

Autosomal recessive 

11q23—q25 

Autosomal dominant 

Autosomal recessive 

20p12 

Autosomal dominant 

PTPN11, 12q24 

Autosomal recessive 

Autosomal dominant 

CREBBP, 16p13 

EP300, 22q13 

X-linked 

Glypican-3, Xq26 

(Continued) 
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> TABLE 27-1 Syndromes Commonly Associated with Cardiac Septal Defects (Continued) 

Syndrome 

Smith-Lemli-Opitz 
syndrome 

Thrombocytopenia- 

absent radius 
(TAR) syndrome 

Toriello-Carey 
syndrome 

Townes-Brock 

syndrome 

Disorders of Unclear 

Etiology: 

Heterotaxy syndromes 

(asplenia/polysplenia 

or lvemark syndrome 

Oculoauriculovertebral 

(OAV) syndrome 

(includes Goldenhar 

syndrome and 

hemifacial 

microsomia 

VACTERL syndrome 

Type of Cardiac 

Defect 

AVC 

ASD, VSD 

ASD, VSD 

VSD : 

AVC 

VSD 

VSD 

Other Associated 

Findings 

Microcephaly; anteverted 

nares; syndactyly of 

toes; polydactyly; 

hypospadias; cleft palate; 

elevated 
7-dehydrocholesterol 

level 
Bilateral absence of radius 

with presence of fingers 

and thumbs; 

thrombocytopenia; 

other skeletal anomalies 

Agenesis of corpus 

callosum; Pierre-Robin 

sequence; short 

palpebral fissures; 

laryngeal anomalies; 

hypotonia 

Imperforate anus; 

triphalangeal and/or 

supernumerary thumbs; 

abnormal ears; renal 

anomalies; hearing loss 

Asplenia or polysplenia 

with splenic dysfunction; 

abnormal visceral 

lateralization; multiple or 

complex cardiac defects 
common 

Underdevelopment of one 

side of face; unilateral or 

asymmetrical ear 

deformities; epibulbar 

dermoid; oral clefts: 

vertebral anomalies 

Vertebral anomalies; 

tracheoesophageal 

fistula; anal atresia; 

renal anomalies; limb 

defects 

Etiology 

Autosomal recessive 

DHCR7, 11q12-q13 

Autosomal recessive 

Autosomal recessive 

Autosomal dominant 

SALL1, 16q12.1 

Most cases sporadic. 

Probably 

heterogenous. 

Heterogenous with 

many cases 

sporadic; few 

autosomal dominant 

Unknown 

nei mun see sen Oe 



CHAPTER 27 SEPTAL DEFECTS 177 

> TABLE 27-1 Syndromes Commonly Associated with Cardiac Septal Defects (Continued) 

Type of Cardiac Other Associated 

Etiology 

Prenatal alcohol 

exposure 

Abnormal maternal 

glucose metabolism 

Intrauterine exposure 

to high phenylalanine 
levels 

Prenatal exposure to 

valproic acid 

Syndrome Defect Findings 

Teratogenic Syndromes: 
Fetal alcohol VSD, ASD Microcephaly; small size; 
syndrome short palpebral fissures; 

simple philtrum; thin 

upper lip 
Maternal diabetic VSD Other cardiac defects such 
embryopathy as tetralogy of Fallot 

and truncus arteriosus; 

neural tube defects; 
holoprosencephaly; 
caudal regression 
syndrome; focal femoral 

hypoplasia 
Maternal PKU VSD Microcephaly; intrauterine 
syndrome growth retardation; 

dysmorphic facies 
resembling those seen 

in fetal alcohol syndrome 
Valproic acid ASD,VSD Dysmorphic facies; joint 

embryopathy contractures; spina bifida 

ASD is inherited in an autosomal dominant pat- 

tern. Mutations in NKX2.5 have been identified 

in families in which ASD is associated with con- 

duction abnormalities, specifically progres- 

sive atrioventricular block, as well as in a small 

percentage of sporadic ASD patients.'* Mutations 

in the GATA4 zinc finger transcription factor gene 

have been identified in families with autosomal 

dominant ASDs and normal conduction.’ Some 

patients with the latter defects have had addi- 

tional cardiac lesions, particularly valvar pul- 

monic stenosis. 

> TREATMENT AND PROGNOSIS 

Most ASDs remain asymptomatic, even when 

untreated and do not pose a risk for bacterial 

endocarditis. Spontaneous closure often occurs 

in the first year of life. Defects associated with 

a significant left to right shunt may produce pul- 

monary obstructive vascular disease in 5—10% 

of cases. Large atrial communications increase 

the risk of paradoxical emboli. For large defects, 

surgical closure is usually the accepted method 

of treatment, regardless of the presence or ab- 

sence of symptoms. In some cases, catheter-based 
repair may be possible. 

> GENETIC COUNSELING 

A complete family history should be obtained 

prior to providing genetic counseling to the par- 

ents of an infant with an ASD. If there are any 

other family members with structural cardiac de- 

fects, conduction disorders, or arrhythmias, cau- 

tion should be exercised before assuming that 

the patient has an isolated, multifactorial defect. 

Such a history may suggest autosomal dominant 

inheritance, particularly if a parent is affected. In 

families with autosomal dominant inheritance of 

ASD, the recurrence risk in future pregnancies is 

50%. In the case of isolated sporadic cases with 

no other family history, the recurrence risk for 

future siblings is approximately 3%. 
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Figure 27-1. Infant with trisomy 18, a condi- 

tion associated with cardiac defects in over 

90% of cases. Cardiac septal defects are the 

most common lesions observed. Other typical 

findings seen in this infant include micrognathia, 

dysmorphic ears, overlapping fingers, a short 

sternum, and exaggerated cutis marmorata. 

A radial defect and club hand are noted on 

the left. 

> VENTRICULAR SEPTAL DEFECT 

> INTRODUCTION 

Ventricular septal defect (VSD) is a defect in the 

closure of the ventricular septum of the heart 

resulting in an abnormal communication be- 

tween the right and left ventricle. 

Figure 27-2. Infant with trisomy 13, a condi- 

tion associated with cardiac defects in over 

90% of cases, with ventricular septal defect 

being the most common. Other characteristic 

features include scalp defects, eye anom- 
alies such as anophthalmia (as in this case), 

microphthalmia or colobomas, a large bul- 

bous nose as seen here, cleft lip or palate 

and polydactyly. 

> DIAGNOSIS 

The clinical findings in patients with a VSD vary 

depending on the size of the defect. Many small 

defects are asymptomatic and are diagnosed 

on the basis of the characteristic holosystolic 

murmur heard at the left sternal border. In the 

case of larger defects associated with a large left 



to right shunt and pulmonary hypertension, the 
second heart sound will be loud and narrowly 
split. Once right to left shunting develops across 
the defect (the Eisenmenger complex), the pa- 
tient becomes cyanotic. 

In patients with small VSDs, chest radi- 

ographs and ECG are normal. As the extent of 

left to right shunting increases, there is an in- 

crease in pulmonary vascularity. In addition, 

the ECG reveals left atrial enlargement and left 

ventricular hypertrophy or, in some cases, 

biventricular hypertrophy. As pulmonary hy- 

pertension develops, only right ventricular hy- 

pertrophy and right atrial enlargement may be 

observed. The presence of a VSD and any as- 

sociated cardiac lesions can be confirmed by 

echocardiography. 

> INCIDENCE AND ETIOLOGY 

VSD is one of the most common types of con- 

genital heart disease but its exact incidence is 

difficult to determine. Widely varying figures 

exist in the literature clearly reflecting the method 

of ascertainment and the fact that many VSDs 

will close spontaneously and therefore may go 

undetected. A prospective Doppler echocardio- 

graphic study of 1-week-old newborns reported 

an incidence of 53 per 1000 births* with most 
affected infants being asymptomatic. In con- 

trast, a study based on children with a clinical 

or autopsy diagnosis yielded an incidence of 

1.17 per 1000; almost 50 times lower.’ Presumably 

most of the defects detected in the prospective 

study were in the process of closing. Males and fe- 

males are affected with VSD with equal frequency. 

It occurs most commonly in an otherwise normal 

healthy child. However, it can be observed in as- 

sociation with a large number of different mal- 

formation syndromes. The most common ones 

are listed in Table 27-1. Several specific genes 

have been found to have a role in the occur- 

rence of VSD in some individuals. In addition to 

being linked to ASD, mutations in the TBX5 gene 

may produce VSDs, most notably those associ- 

ated with a “Swiss cheese septum.” This is the 
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gene linked to the Holt-Oram or Heart-Hand 

syndrome, which is also associated with con- 

genital anomalies of the upper extremities and 

shoulder girdle. Mutations in GATA4 can also 

produce VSD in association with ASD.’ A num- 

ber of different teratogens have been found to 

play a role in the occurrence of VSD, among 

them phenylalanine (in maternal phenylke- 

tonuria [PKU]), derangements in glucose me- 

tabolism Gn maternal diabetes), alcohol, and 

valproic acid. 

> TREATMENT AND PROGNOSIS 

Small VSDs have an excellent long term prog- 

nosis and require no therapy, but are associated 

with a risk of subacute bacterial endocarditis. 

Antibiotic prophylaxis at times of predictable risk 

is required. Medical therapy with digoxin or di- 

uretics or both is typically used in children who 

have signs of congestive heart failure. Pulmonary 

artery banding was commonly practiced in the 

past with definitive surgery deferred for several 

years but direct surgical closure in infancy is 

now standard practice. A significant percentage 

of defects will close spontaneously during in- 

fancy with the likelihood of closure varying de- 

pending on the size and nature of the defect. 

> GENETIC COUNSELING 

A complete family history should be obtained 

from the parents of every infant with a VSD 

prior to providing genetic counseling. If there 

are any other family members with structural 

cardiac defects, conduction disturbances, or ar- 

rhythmias, consideration should be given to the 

possibility that one is dealing with a family in 

which the defect is inherited in a Mendelian, 

autosomal dominant pattern as opposed to the 

typical multifactorial pattern. This is particularly 

true if either parent or a sibling has any find- 

ings. Further evaluation of the family members 

would be warranted. In the case of autosomal 

dominant inheritance, the recurrence risk in 
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future pregnancies would be 1 in 2 or 50%. In 

the case of an isolated sporadically occurring 

VSD in an otherwise healthy normal child with 

no history of other affected family members, the 

recurrence risk in future siblings is approxi- 

mately 3%. 

> ATRIOVENTRICULAR SEPTAL 
DEFECT (INCLUDES 
ATRIOVENTRICULAR CANAL 
DEFECT; ENDOCARDIAL 
CUSHION DEFECT) 

> INTRODUCTION 

Atrioventricular (AV) septal defects are defects 

resulting from incomplete formation of the AV 

septum, usually accompanied by abnormalities 

of the AV valves. They are also referred to as 

AV canal defects or endocardial cushion de- 

fects. The term includes ostium primum type 

atrial septal defects, which are also associated 

with a cleft anterior mitral valve leaflet. This 

type of defect may be referred to as a partial 

AV septal defect in contrast to the complete AV 

septal defect, which has both large atrial and 

ventricular components and common AV valve 

leaflets. 

> DIAGNOSIS 

The clinical findings associated with an ostium 

primum ASD are similar to those associated with 

other ASDs with a significant left to right shunt 

with the addition of a murmur of mitral insuffi- 

ciency. A wide range of findings are observed 

in infants with a complete AV septal defect de- 

pending in the degree of pulmonary resistance 

and pulmonary blood flow. Many affected in- 

fants develop signs of congestive heart failure 

with a hyperactive precordium, loud systolic 

murmur, and a gallop rhythm with the single 

and/or narrowly split second heart sound asso- 

ciated with pulmonary hypertension. In rare 

cases, there may be no systolic murmur. 

Cardiomegaly and increased pulmonary vas- 

cular markings are typically seen on chest radi- 

ographs. ECG reveals a superior axis with a 

counterclockwise loop and variable ventricular 

hypertrophy. The presence of the defect can be 

documented by echocardiography. Cardiac 

catheterization to define the magnitude of the 

left to right shunt and to evaluate the extent of 

pulmonary hypertension is considered in many 

cases and is particularly important for children 

with Down syndrome in whom the develop- 

ment of pulmonary hypertension appears to be 

accelerated. 

> INCIDENCE AND ETIOLOGY 

In contrast to most other congenital cardiac de- 

fects, AV septal defects rarely occur as an isolated 

anomaly but are most often associated with a 

broader malformation syndrome. The best known 

association is with Down syndrome but these 

defects can be observed in association with other 

chromosome anomalies and many other nonchro- 

mosomal multiple birth defect syndromes as well. 

The second most common association after 

Down syndrome is with heterotaxy or Ivemark 

syndrome. In one large series of congenital heart 

defects, the Baltimore-Washington Infant Study, 

only 22% of AV septal defects were not associated 

with noncardiac anomalies.* The most common 

syndromes associated with AV septal defects are 

listed in Table 27-1. 

The incidence of AV septal defect is esti- 

mated to be approximately 1 in 3000 births.? 

When it occurs as an isolated defect, it is inher- 

ited as an autosomal dominant disorder with vari- 

able penetrance. Mutations in the gene CRELD1 

have been identified as causative in some patients 

with isolated AV septal defects as well as in some 

families with AV septal defects associated with 
heterotaxy.” 

> TREATMENT AND PROGNOSIS 

All forms of AV septal defect require surgical re- 
pair with the timing dependent on the severity 



of the defect. The prognosis is generally depen- 

dent on associated malformations and the pres- 

ence or absence of pulmonary vascular disease. 

-» GENETIC COUNSELING 

Genetic counseling for patients with AV septal 

defects is dependent on the underlying diagnosis. 

Since most patients have associated malforma- 

tions, it is essential that a thorough assessment 

of the patient be performed to identify any as- 

sociated anomalies and that every effort be 

made to establish a unifying diagnosis. In the 

case of the patient with multiple malformations 

without a clear diagnosis, consultation with a 

clinical geneticist should be obtained. If a pa- 

tient has an isolated AV septal defect with no 

family history of other family members with 

congenital heart defects or ECG abnormalities, 

the recurrence risk for future siblings is approx- 

imately 2%. If two or more family members are 

affected, the risk rises to 50%. 
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CHAPTER 28 

Conotruncal Heart Defects 
Amy Wu 

The conotruncal region of the developing heart 

refers to the area of the development and even- 

tual location of the aortic and pulmonary valves, 

as well as the conal or outlet septum portion of 

the ventricular septum that lies in the plane be- 

tween the two valves. Conotruncal defects result 

from either an error in septation, rotation, or a 

misalignment of their union. There are several 

defects classified as conotruncal defects, and 

even more variations of each defect. In this 

chapter, three major conotruncal defects will be 

discussed in their simplest form; truncus arte- 

riosus (TA), transposition of the great arteries 

(TGA), and tetralogy of Fallot (TOF). 

> TRUNCUS ARTERIOSUS 

> INTRODUCTION 

Truncus arteriosus is an early embryological fail- 

ure of truncal septation, which occurs around 

the fifth week of gestation. At that time there is 

a single outflow tract overriding the incomplete 

ventricular conus. Truncal swellings originate at 

the base of the outflow tract on both the right 

and left side. They grow into the lumen and 

fuse to form the truncal septum, dividing the 

outflow tract into two separate vessels; the aorta 

and the main pulmonary artery. Conal swellings, 

which will complete the ventricular septum be- 

tween the pulmonary and aortic valves, are in- 

tended to meet the proximal truncal swellings. 

Their union leads to the formation of the aortic and 

pulmonary valves. Distally, the truncal septum will 
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fuse with the aortopulmonary septum, the prim- 

itive pulmonary arteries on the leftward aspect, 

and the aortic arch to the right." 

Failure of truncal septation leads therefore, 

not only to a single outflow tract, but multiple 

consequential defects. There is a single and ab- 

normal truncal valve with various numbers of 

leaflets which is frequently regurgitant. The si- 

nuses of valsalva are improperly formed leading 

to anomalies in coronary artery origins and their 

proximal course. Improper fusion with the conal 

swellings leads to a large ventricular septal de- 

fect (VSD). The common truncus remains over- 

riding the VSD in 68-83% of patients.’ Distally, 
the primitive aortic arches and aortopulmonary 

septum fuse with the common truncus. The pul- 

monary arteries either fuse as a common base 

and then branch, or enter the ascending truncus 

as two separate branch pulmonary arteries. 
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> EPIDEMIOLOGY 

One of the least common forms of congenital 

heart disease, truncus arteriosus accounts for 

<1% of all heart defects. The incidence is re- 

ported to be as low as .0006 per 1000 live births, 

with near equal distribution between the sexes.” 

Environmental factors also play a role, with se- 

vere maternal diabetes and maternal use of 

thalidomide and retinoic acid associated with 

TA." 

> CLINICAL PRESENTATION 

The clinical presentation of a newborn with TA 

will depend on the severity of the truncal valve 

insufficiency and the pulmonary vascular resis- 

tance. In rare instances the truncal valve will be 

severely regurgitant and the neonate will pre- 

sent in congestive heart failure (CHF). More 

commonly the infant will be mildly cyanotic 

and tachypneic in the immediate newborn 

period. 
Physical exam will be remarkable for the 

mild cyanosis. A prominent right ventricular im- 

pulse is palpable. Cardiac auscultation will re- 

veal a single S1 and single S2 which is likely to 

be preceded by an ejection click. Truncal valves 

with multiple leaflets and redundant tissue may 

project a split S2 representing delayed closure 

of one or more leaflet. Truncal valve regurgita- 

tion is heard as a high-pitched diastolic murmur 

localized to the apex. A diastolic rumble may 

also be auscultated in this area representing in- 

creased flow across the mitral valve. Bounding 

pulses should be easily appreciated accompa- 

nied by a widened pulse pressure secondary 

to diastolic runoff into the pulmonary arteries. 

Importantly, a continuous murmur should not 
be present. This would suggest a lesion with a 

patent ductus arteriosus (PDA) and not TA.? 

The differential diagnosis for TA is extensive, 

including single ventricle lesions and other 

conotruncal defects. 

> ASSOCIATED MALFORMATIONS 

AND SYNDROMES 

The most common associated heart defect, seen 

in up to 36% of patients, is a right aortic arch. 

Interrupted aortic arch with the descending 

aorta arising from the PDA occurs in only 

11-19% of patients and strongly suggests DiGe- 

orge syndrome.’ Anomalies of the coronary 

artery origins are common and of surgical im- 

portance only. Less than 30% of patients will 

have extra cardiac anomalies not associated 

with a syndrome—including skeletal defects, 

hydroureter, and malrotation of the bowel.' 

Approximately 30% of patients with TA are syn- 

dromic. The most commonly associated genetic 

disorders are the 22q11 deletion syndromes, in- 

cluding DiGeorge and velocardiofacial syn- 

dromes. The more complex the associated heart 

defects, the more likely it is to be associated 

with this genetic anomaly.'* In patients with 

22q11 deletion syndrome, truncus arteriosus is 

reported to occur with an incidence as high as 

34.5%;' conversely, as many as 50% of patients 
with TA have the 22q11 deletion.** Other syn- 

dromes observed in patients with TA are listed 

in Table 28-1. 

> EVALUATION 

A standard evaluation for suspected cyanotic 

heart defect should be performed, including 

evaluation for differential oxygen saturations, 

chest x-ray, and electrocardiogram (ECG). ECG 

will show biventricular hypertrophy and occa- 

sionally left atrial enlargement. Cardiomegaly 

should be seen on chest x-ray, along with in- 

creased pulmonary vascular markings reflecting 

the increased pulmonary blood flow. Once TA 

is suspected a cardiology consult with echocar- 
diogram should be requested for confirmation 
of the diagnosis. Chromosome analysis and flu- 
orescent in situ hybridization (FISH) for the 
22q11 deletion should be obtained. If associated 
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> TABLE 28-1 Syndromes Associated with Conotruncal Defects 

Conotruncal 
Syndrome Defect Associated Findings 

Chromosomal Anomalies 
Partial Trisomy 8 TOF, TA Thick and full lips; cupped ears; deep creases palms 

and soles; deep set eyes; wide spaced nipples 
Trisomy 13 LOE Defects of posterior-occipital scalp; microphthalmia 

and other eye defects; polydactyly; cleft lip or palate; 

forebrain defects including holoprosencephaly 
Trisomy 18 TOR Fisted hand with overlapping fingers; paucity of muscle 

and adipose tissue, intrauterine growth retardation; 

single umbilical artery; microstomia; large, prominent 
occiput 

Trisomy 21 TOF Upslanting palpebral fissures, flattened mid facies; 

Brushfield spots; protruding tongue; redundant 

nuchal skin folds; palmar simian crease; hypotonia 

Chromosome 22q11 TOF, TA Cleft palate of variable severity; long face; narrow 

Deletion syndrome palpebral fissures; hypotonic and hyperextensible 

(Velocardiofacial extremities; hypocalcemia; absence or hypoplasia 

syndrome, DiGeorge of thymus 
sequence) 

Cat-eye syndrome TOF Coloboma; hypertelorism; down slanting palpebral 
fissures; anal atresia 

Single Gene Disorders 
Alagille syndrome 1OF Prominent, broad forehead with deep set eyes; 

ear anomalies; peripheral pulmonary artery stenosis; 

vertebral defects; bile duct hypoplasia or absence; 

cholestasis 

CHARGE association TOF, TA Coloboma; choanal atresia; postnatal growth 
retardation; genital hypoplasia; ear anomalies 

Kabuki syndrome TOF Long palpebral fissures with lateral lower eyelid eversion 
and ptosis; scoliosis; hyperextensible joints 

Teratogenic Effects 
Fetal alcohol syndrome TOF Microcephaly; smooth philtrum and small upper lip; 

growth retardation; facial hirsutism in the newborn 

Maternal diabetes TOF, TA Caudal regression syndrome; renal anomalies; 
embryopathy neural tube defects 

Maternal PKU TOF Microcephaly; growth retardation; prominent glabella; 

syndrome epicanthal folds; thin upper lip with relatively smooth 

philtrum 

Retinoic acid TOF, TA, TGA _ Microtia or absence of auricle; facial asymmetry; 

embryopathy micrognathia; hypertelorism; hydrocephalus; thyroid 

and/or parathyroid anomalies 

Fetal trimethadione TOF, TGA Upslanted eyebrows with synophrys; brachycephaly; 

syndrome micrognathia; ambiguous genitalia 

(Continued) 
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> TABLE 28-1 Syndromes Associated with Conotruncal Defects (Continued) 

Associated Findings 

Vertebral anomalies; anal atresia; esophageal atresia 

and tracheoesophageal fistula; radial defect; renal 

anomalies; single umbilical artery 

Conotruncal 

Syndrome Defect 

Other 
VACTERL syndrome TOP 

Goldenhar syndrome AOF Epibulbar dermoid, unilateral; vertebral anomalies, 

primarily hemivertebrae; macrostomia; microtia 

TOF, tetratology of Fallot; TA, truncus arteriosus; TGA, transposition of the great arteries. 

anomalies are present, a genetic consultation 

should be requested. Calcium levels should be 

monitored closely given the frequency of asso- 

ciation with DiGeorge syndrome. 

> MANAGEMENT AND PROGNOSIS 

A hypoxic infant should receive oxygen, titrated 

to keep saturations above 85%. Diuretics and 

inotropic support should be considered for in- 

fants presenting with signs of CHF. Left un- 

treated, the natural history of these patients is 

death from CHF within the first year of life. Pa- 

tients that develop pulmonary hypertension 

within the first 6 months of life succumb in their 

teens to twenties from complications of irre- 

versible pulmonary hypertension.° 

Currently patients undergo primary repair 

often within the first month, or at the latest, 

within the first 3 months of life, barring extenu- 

ating circumstances. The ventricular septal defect 
is closed such that the truncal valve is isolated to 

the left ventricle. An extracardiac, valved conduit 

is used to create the right ventricular outflow 

tract to the pulmonary arteries. Complications in- 

clude accelerated calcification of the conduit 

necessitating replacement or stenting in the first 

months to years post placement. By 5 years of 

age the majority of patients have outgrown their 

conduits and require surgical replacement.' 

Eventually the dysplastic truncal valve will be- 

come severely regurgitant leading to left ven- 

tricular dilatation and dysfunction. Additional 

valvuloplasty may be attempted to avoid artifi- 

cial valve placement. 

> GENETIC COUNSELING 

The relative infrequency of this defect makes it 

difficult to predict a recurrence risk for families. 

It has been reported to be as high as: 13.6% 

when the proband has a complex form of TA, 

and as low as 1.6% with simple TA.’ There is an 

increased risk of other conoventricular region 

defects in family members, including VSD and 

atrioventricular canal defects.’ 22q11 deletion 

syndromes have a prevalence of 1 in 4000 live 

births.* The majority of patients represent a 

spontaneous mutation; however, it may be in- 

herited as an autosomal dominant trait. If the 

patient is found to have the 22q11 deletion, par- 

ents should be screened for the presence of the 

deletion. Fetal echocardiography should be per- 

formed with each subsequent pregnancy. 

> TRANSPOSITION OF THE GREAT 
ARTERIES 

> INTRODUCTION 

Although there are several variations in anatomy 

and terminology that address this lesion, in this 
section we will refer only to the clinical scenario 
of simple transposition of the great arteries 
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(TGA); normal atrioventricular relationship, with 
ventriculo-arterial discordance where the pul- 
monary artery arises from the left ventricle, and 
the aorta from the right ventricle. 

_ This defect is a result of failure of the great 

arteries to rotate following septation of the trun- 

cus. Normally, the muscle bundle below the de- 

veloping outflow tracts involutes on the aortic 

side allowing the aortic valve to be committed to 

the left ventricle in fibrous continuity with the 

mitral valve. The persistent muscle bundle, or in- 

fundibulum, guides the pulmonary valve as it ro- 

tates from posterior to anterior of the aortic valve. 

In TGA, it is the subaortic infundibulum that per- 

sists. The pulmonary valve does not rotate and 

the aortic valve remains anterior, pushed superi- 

orly and typically rightward of the pulmonary 
valve.’ The subpulmonary infundibulum invo- 

lutes, thus allowing the pulmonary valve to be in 

fibrous continuity with the mitral valve.’ 
Functionally, the cardiovascular system is two 

parallel circuits; deoxygenated venous blood from 

the body returning to the right heart pumped to 

the aorta, and oxygenated blood from the lungs 

returning to the left heart pumped to the pul- 

monary arteries. Although there is some obliga- 

tory and miniscule exchange at the systemic and 

pulmonary capillary level that keeps the respec- 
tive volumes equal, without a true mixing lesion 

this type of circuitry is incompatible with life.” 
Fortunately, nearly every infant with TGA has a 

patent foramen ovale (PFO) which permits ade- 
quate exchange of left sided oxygenated and right 

sided deoxygenated blood to sustain life until ei- 

ther an urgent or emergent palliative procedure 

or definitive repair can be performed. 

> EPIDEMIOLOGY 

Transposition of the great arteries represents 

5-7% of all congenital heart disease. The inci- 

dence is reported to be between 0.2 and 0.3 per 

1000 live births with a strong predominance of 

males (60-70%).*” Similar to other conotruncal 

lesions, maternal use of retinoic acid and 

trimethadione are associated with an increased 

incidence of this defect.? 

> CLINICAL PRESENTATION 

Despite the technological advances in fetal di- 

agnosis, TGA can be missed on routine ultra- 

sound evaluations that do not directly visualize 

the ventriculo-arterial relationships. TGA has lit- 

tle visible consequence to the fetus; the ventri- 

cles develop normally, the direction of flow 

across the PFO is unchanged, and the remainder 

of fetal development is only subtly affected by 

the redirection of placental blood high in glu- 

cose and dissolved O to the descending aorta, 

and fetal venous blood to the ascending aorta and 

pulmonary arteries. The result is a well developed 

and often large for date fetus. 

The postnatal clinical presentation is depen- 

dent on the mixing lesion. An infant with no sig- 

nificant exchange between the two circulations 

will become extremely cyanotic within moments 

of delivery, develop acidosis, and soon succumb 

to these overwhelming insults despite resuscita- 

tion attempts. More typically, the infant presents 

soon after delivery with cyanosis and tachypnea. 

TGA should be suspected when these are the 

striking features of an otherwise nondysmorphic, 

large for gestational age, male infant. 

On cardiac examination, there will be a single 

S1 and a single, loud S2 reflecting the proxim- 

ity of timing and physical locale of the aortic 

and pulmonary valves. A PFO is the most common 

mixing lesion, and has no associated murmur. A 

holosystolic murmur at the left sternal border 

would suggest the presence of a VSD. In rare 

cases there is a large VSD and the infant will have 

hepatomegaly and respiratory distress associated 

with congestive heart failure. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Approximately 50% of patients have a life- 

sustaining PFO and PDA and no other associated 
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congenital heart defect.? The most common as- 

sociated heart defect is a VSD (40-45%), single 

or multiple, in various locations in the septum.” 

A malaligned VSD can cause outflow obstruc- 

tion to the pulmonary artery. Coronary origin 

anomalies are common, however are not clini- 

cally significant. Unlike the other conotruncal 

defects discussed in this chapter, TGA is not 

commonly associated with an inherited malfor- 

mation syndrome, however this lesion is seen 

with teratogenic syndromes which are listed in 

Table 28-1. Extracardiac anomalies are infre- 

quent, found in less than 10% of patients.” 

> EVALUATION 

Suspicion of cyanotic heart disease should be 

investigated with a hyperoxia test, chest x-ray, 

and ECG. On chest x-ray, the mediastinum is 

narrow due to the great arteries projecting in 

line in the AP or PA view creating the classic 

“egg on a string” cardiac silhouette. Arterial 

blood gas will demonstrate low P,O2, rarely 

above 35 mmHg on room air, and a normal or 

mildly elevated P,COz. With 100% oxygen ad- 

ministration, the increase in P,O2 directly re- 

flects the effective size of the shunting lesion.° 

This increase, however, is not significant enough 

to pass the hyperoxia test in which the P,O2 will 

typically rise above 100 mmHg after receiving 

100% oxygen if cyanosis is caused by pul- 

monary disease but the P,O, will remain less 

than 100 mmHg with less than a 30 mmHg rise 

if the cyanosis is due to right to left shunting from 

an intracardiac defect. A cardiology consult for 

evaluation and possible emergent intervention 

should be requested immediately. Echocardiogra- 

phy alone can confirm the diagnosis. Occasionally 

cardiac catheterization with angiography may be 

necessary to delineate the coronary artery 

anatomy prior to surgical intervention. Because 

this is typically an isolated defect, a genetics 

evaluation should be reserved for those patients 
who appear dysmorphic or have complex TGA. 

> THERAPY AND PROGNOSIS 

If there is no adequate mixing lesion, a balloon 

atrial septostomy or Rashkind procedure can be 

performed emergently at the bedside under 

transthoracic echo guidance. A balloon tipped 

catheter is advanced from the inferior venacava 

into the right atrium and through the septum 

into the left atrium. The balloon is then inflated 

and quickly jerked across the septum into the 

right atrium. The objective is to tear the septum 

creating an unrestricted atrial septal defect. 

The surgical repair of choice is the arterial 

switch operation. The ascending aorta and main 

pulmonary artery are transected above their re- 

spective valves and transposed such that the 

morphologic left ventricular outflow is to the 

aorta, and right ventricular flow to the pul- 

monary artery. The coronary artery origins are 

removed from the sinuses of the native aorta 

and relocated to the supravalvar neoaortic area. 

Complications are mainly related to coronary 

compromise and outflow tract obstruction. 

Overall, the long-term prognosis is excellent. 

> GENETIC COUNSELING 

The risk of recurrence of TGA is relatively low 

at 1.5%. Fetal echocardiography should be per- 

formed with each subsequent pregnancy. 

> TETRALOGY OF FALLOT 

> INTRODUCTION 

Tetralogy of Fallot (TOF) has four cardinal fea- 

tures; VSD, pulmonary stenosis, overriding aorta, 

and right ventricular hypertrophy. It is the degree 

of obstruction of flow to the pulmonary arteries 

that determines the clinical and surgical course. 

Where TGA represents no rotation of the 
great arteries, TOF is an incomplete rotation of 
the arteries occurring during the sixth week of 
gestation. The truncal division is complete and 
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the outlet ventricular septum and aortic and pul- 
monary valves have formed. With incomplete 
rotation, the arteries have a normal or near normal 
relationship, but the aorta does not shift to commit 

completely to the left ventricle. The outlet portion 

of the ventricular septum is displaced anteriorly 

and cephalad, creating the VSD and obstructing 
flow to the main pulmonary artery. The earlier 

and more severe the obstruction in fetal life, the 

smaller the pulmonary valve annulus and the more 

common distal areas of obstruction to pulmonary 

flow become. The right ventricle pumps against 

obstruction, and has volume overload due to shunt- 

ing at the VSD, both of which lead to ventricular 

hypertrophy. 

The clinical presentation is determined by 

the relative resistance to blood flow to the pul- 

monary arteries, compared to the resistance out 

to the aorta. Cyanosis becomes more severe 
when increasing resistance to the pulmonary ar- 

teries limits the amount of blood that can go to 

the lungs to be oxygenated. When systemic pres- 

sures drop there is relative increased resistance 

to flow to the pulmonary arteries; increasing aor- 

tic outflow decreases pulmonary outflow. 

> EPIDEMIOLOGY 

Tetralogy of Fallot is the most common cyanotic 

heart defect. Prevalence of TOF has been re- 

ported between 0.26 and 0.48 per 1000 live 
births.® It represents between 3.5% and 9% of all 

congenital heart defects. There is no predilec- 

tion toward either sex.** Infants of diabetic 

mothers who had poor blood glucose control 

have higher risk of TOF, as do infants of moth- 

ers with phenylketonuria (PKU), and retinoic 

acid or trimethadione exposure.” 

> CLINICAL PRESENTATION 

Although TOF is increasingly a fetal diagnosis, 

the degree of pulmonary stenosis may not be 

fully delineated. The infant always should be 

reassessed after delivery. On physical examina- 

tion cyanosis and tachypnea are common. The 

right ventricular impulse may be prominent. 

Auscultation reveals a normal S1 and single $2. A 

pulmonary outflow systolic ejection murmur is aus- 

cultated along the left sternal boarder. Typically 

there is no VSD murmur due to equal or near 

equal right and left ventricular pressures. If pre- 

sent, a PDA may be audible. 

With critical pulmonary stenosis or pul- 

monary atresia, the pulmonary blood flow is 

dependent on the PDA and/or multiple aor- 

topulmonary collaterals (MAPCAS). A continuous 

murmur in the infraclavicular areas and back 

should be audible. Congestive heart failure may 

develop in this setting. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Patients with TOF frequently have other associ- 

ated cardiac defects. Approximately 80% will 

have an ASD. A right sided aortic arch is seen in 

nearly 25%.° Left pulmonary artery atresia and 

anomalous origins of the coronary arteries are 

also frequently encountered. Complex tetralogy 

of Fallot includes TOF with absent pulmonary 

valve, and TOF with complete AV canal. 

Trisomy and the 22q11 deletion syndrome are 

frequent comorbidities with 11.9% of patients with 

TOF having, in order of frequency, trisomy 21, 18, 

or 13.° Population studies have concluded that 

over 9% of patients are syndromic or have extra 

cardiac anomalies.”* From 8% to 23% of patients 
with TOF, especially complex TOF, have the 22q11 

deletion syndrome (Fig. 28-1). Alagille patients 

typically have peripheral pulmonary stenosis; 

however 10-15% of these patients will have 

Tetralogy of Fallot.* Other common syndromes 

associated with TOF are listed in Table 28-1. 

> EVALUATION 

Once cyanotic heart disease is suspected, the 

patient should be evaluated by chest x-ray, ECG, 
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Figure 28-1. A patient with the 22q11 dele- 

tion syndrome who exhibits common dys- 

morphic facial features including narrow 

palpebral fissures and protruding ears. 

(Reprinted with permission from Digilio MC, 

Marino B, Capolino R, et al. Clinical manifesta- 

tions of Deletion 22q11.2 syndrome [DiGeorge/ 

Velo Cardio-Facio syndrome]. Images Paediatr 

Cardiol. 2005;23:23-34.) 

and hyperoxia test. Chest x-ray findings reflect 

ventricular hypertrophy with a “boot shaped” 

heart and a paucity of pulmonary vascular mark- 

ings. ECG will reveal a right axis deviation and 

right ventricular hypertrophy and these cardinal 

features of TOF on echocardiogram are highly 

suggestive of the diagnosis. A cardiology con- 

sult with echocardiogram will confirm the diag- 

nosis. Additional imaging may be warranted for 

coronary artery anatomy, or for evaluation of 

aortopulmonary collaterals. 

Genetics consult, chromosome analysis, and 

FISH for 22q11 deletion should be requested. 
Calcium levels should be monitored closely due 

to the high incidence of DiGeorge syndrome. 

The remainder of the evaluation should reflect 
any other suspected genetic disorder. 

> MANAGEMENT AND PROGNOSIS 

For patients with severe pulmonary stenosis, or 

pulmonary atresia, who are ductal dependent, im- 

mediate therapies include PGE, and O32. Patients 

with unrepaired TOF are at risk for “tet spells” or 

hypercyanotic spells. These hypoxic episodes re- 

sult from an acute decrease in pulmonary blood 

flow due to obstruction to outflow from the spasm 

of the subpulmonary infundibulum. The scenario 

is frequently a crying or choking infant. These 

acute hypoxic spells can be lethal if not immedi- 

ately and appropriately addressed. “Knees to 

chest” position increases the systemic pressures 

and inhaled Oz decreases pulmonary vascular 

resistance encouraging flow to the pulmonary 

arteries. If these initial measures fail, further re- 

suscitation efforts include: sedation with morphine 

or ketamine (also increases the systemic vascular 

resistance), volume to increase the ventricular pre- 

load and increase systemic resistance, and bicar- 

bonate to decrease pulmonary vascular resistance. 

Rapid sequence intubation and deep sedation 

should be initiated for life-threatening events. 

Historically, patients underwent shunt place- 

ment between the subclavian artery and pulmonary 

artery (a surgical PDA) with complete repair in 

childhood. Now, complete repair in infancy pre- 

dominates. The VSD is closed and subpulmonary 

obstruction resected with surgical approach from 

the right atrium across the tricuspid valve. If the 

pulmonary valve area is exceedingly small, a 

transannular patch is used to relieve the stenosis; 

however significant pulmonary regurgitation typ- 

ically results from this type of repair.* Postopera- 

tive prognosis is dependent on type of repair. 

Complications with arrhythmia and right ventric- 

ular dysfunction secondary to severe pulmonary 

regurgitation are significant. The pulmonary valve 
may need to be replaced. 

> GENETIC COUNSELING 

Both genetic and environmental influences should 
be carefully investigated. Recurrence risk of TOF 
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in siblings is 2.5-8%, with increasing risk with 

each additional affected sibling.* Families with 

more than one occurrence have demonstrated 

multiple patterns of inheritance.* There is also 

an increased incidence of other conotruncal and 

septal defects within the same family.® If the pa- 

tient is found to have the 22q11 deletion, par- 

ents should be screened for presence of the 

deletion before genetic counseling is provided. 

Fetal echocardiography should be performed 

with each subsequent pregnancy. In the case of 

other malformation syndromes associated with 

TOF, the appropriate genetic counseling will 

depend on the underlying diagnosis. 
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fught Ventricular Outflow 
Tract Obstructive Defects 

BARBARA K. BURTON 

> INTRODUCTION 

Right ventricular outflow tract obstructive de- 

fects are congenital cardiac malformations which 

impede right ventricular outflow. These include 

tricuspid atresia, Ebstein anomaly, pulmonic steno- 

sis, and pulmonary atresia with an intact ventricu- 

lar septum. 

> DESCRIPTION AND CLINICAL 
PRESENTATION 

In tricuspid atresia, there is complete absence of 

the tricuspid valve. Therefore a shunt at the atrial 

level is always present and there is some degree 

of desaturation although cyanosis may or may 

not be clinically evident. In addition to the atrial 

defect, other associated anomalies are common 

and include ventricular septal defect and pulmonic 

stenosis. About 25% of patients have transposition 

of the great arteries. Because of the variable na- 

ture of the associated defects, the clinical findings 

are also highly variable. Electrocardiogram (ECG) 

reveals right atrial enlargement, and left axis devi- 

ation with decreased ventricular forces. The diag- 

nosis can be established by echocardiography. 

Cardiac catheterization may be required for 
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defining pulmonary artery and venous anatomy 

and for balloon atrial septostomy if there is inad- 

equate shunting at the atrial level. 

Ebstein anomaly is a congenital anomaly of 

the tricuspid valve in which there is downward 

displacement of the septal and posterior leaflets to 

the right ventricular wall resulting in atrialization 

of the upper portion of the right ventricle. The an- 

terior leaflet is usually not displaced but is de- 

scribed as “sail-like.” Some type of shunt at the 

atrial level is typically present. The anomaly varies 

greatly in severity as do the clinical symptoms. In- 

fants may present with severe cyanosis and respi- 

ratory distress or may remain asymptomatic for 

many years. A classic finding on physical exami- 

nation is the quadruple gallop. Chest radiographs 

may or may not reveal cardiomegaly; ECG may re- 

veal right bundle branch block. Wolff-Parkinson- 

White syndrome is seen in about 25% of patients. 

The diagnosis can be made by echocardiography. 

Pulmonic stenosis refers to obstruction at the 

level of the pulmonic valve, in the subvalvar or 

supravalvar regions or in the pulmonary arteries. 

In the case of valvar pulmonic stenosis, a dis- 

tinction should be made between typical valvar 

pulmonic stenosis and a dysplastic stenotic pul- 

monary valve since the latter is commonly asso- 

ciated with Noonan syndrome. When all types 
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and levels of pulmonic stenosis are considered, it 

is extremely common, occurring in about 25% of 

all patients with congenital heart disease. Typical 

pulmonary valve stenosis is usually accompanied 

by a characteristic systolic murmur at the upper 

left sternal border, associated with a click. If the 

valve is dysplastic, the click is absent. Children 

with pulmonic stenosis are usually asymptomatic 

at presentation. In contrast to valvar pulmonic 

stenosis, peripheral pulmonic stenosis presents 

with a continuous murmur which radiates widely 

to the axilla and back. Chest radiographs in pul- 

monic valvar stenosis often reveal poststenotic 

dilatation of the main pulmonary artery while 

they are typically normal in supravalvar pulmonic 

stenosis. Depending on the severity of the valvar 

stenosis, ECG reveals a right axis deviation and a 

variable degree of right ventricular hypertrophy. 

In patients with Noonan syndrome, the axis is of- 

ten superiorly oriented. In mild peripheral pul- 

monic stenosis, the ECG is usually, normal. 

Echocardiography with Doppler will establish the 

diagnosis of pulmonic stenosis, define the level 

of the lesion and estimate the pressure gradient 

across the obstruction for all defects except those 

in the peripheral pulmonary arteries. For those 

lesions, magnetic resonance imaging (MRI) is the 

preferred method of imaging. Cardiac catheteri- 

zation with balloon valvuloplasty is the preferred 

treatment for patients with simple pulmonary 

valve stenosis. Those with a dysplastic valve re- 

quire surgical correction. 

In pulmonary atresia with an intact ventricu- 

lar septum, blood flow is maintained by a patent 

ductus arteriosus. The resulting condition is en- 

tirely different clinically from pulmonary atresia 

with a ventricular septal defect (discussed in the 

Chap. 28 on Conotruncal Heart Defects). There 

is a spectrum of severity with some patients hav- 

ing variable hypoplasia of the tricuspid valve 

and of the right ventricle, which in some cases 

can be severe. Myocardial abnormalities are com- 

mon with characteristic ventriculocoronary con- 

nections referred to as sinusoids. Progressive 

cyanosis is a consistent clinical finding. A systolic 

murmur of tricuspid regurgitation or a continuous 

murmur from the patent ductus arteriosus may be 

present. On chest radiographs, there is a defect in 

the area typically occupied by the main pul- 

monary artery and there is decreased pulmonary 

vascularity. ECG shows decreased or absent right 

ventricular forces, left ventricular dominance, and 

right atrial enlargement. Echocardiography with 

Doppler can define the defect. Angiocardiogra- 

phy is used to identify the ventriculocoronary 

artery connections. 

> ASSOCIATED SYNDROMES 

Tricuspid atresia is usually an isolated malfor- 

mation and is rarely familial. It is not a common 

feature of any malformation syndrome. Some 

years ago, there were reports of Ebstein anom- 
aly in infants exposed to lithium in utero and it 

was long felt that there was a direct teratogenic 

relationship between lithium exposure and this 

specific congenital heart defect. Since then, ad- 

ditional data have accumulated and suggest that 

there is only a modest increased risk of con- 

genital cardiovascular defects associated with 

intrauterine exposure to lithium and that the 

risk is not specific for Ebstein anomaly.’ Ebstein 

anomaly can be familial, inherited in an autoso- 

mal dominant pattern, in which case, the ex- 

pression of the defect can be highly variable 

among affected family members. It can also be 

associated with a newly described but relatively 

common submicroscopic deletion of chromo- 

some 1 (the 1p36 deletion syndrome).” This ab- 
normality is detected by microarray analysis. 

Pulmonic stenosis occurs in a large number 

of malformation syndromes. The most common 

of these are listed in Table 29-1. By far the most 

common condition on the list, and the most 

variable in its clinical manifestations, is Noonan 

syndrome (Fig. 29-1). In the neonate, the find- 

ings in this autosomal dominant disorder can 
range from overt to extremely subtle. The find- 
ing of a dysplastic stenotic pulmonary valve in 
any infant should immediately lead to the search 
for other clinical features suggestive of this 
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> TABLE 29-1 Syndromes Commonly Associated with Pulmonic Stenosis 

195 

Syndrome 

Alagille syndrome 

CFC syndrome 

Costello syndrome 

LEOPARD syndrome 

Noonan syndrome 

Rubella embryopathy 

Simpson-Golabi-Behmel 

syndrome 

Williams syndrome 

Other Clinical Findings Etiology 

Deep set eyes; prominent chin; small or malformed 

ears; cholestasis; butterfly vertebrae; posterior 

embryotoxon in the eye 

Hypertelorism; downslanting palpebral fissures; 

epicanthal folds; posteriorly rotated ears; 

sparse hair; skin abnormalities; mental 

retardation 

Macrocephaly; coarse facies; lax skin; deep 

palmar creases; hypertrophic cardiomyopathy; 

perioral, nasal and anal papillomas; mental 

retardation 

Multiple lentigenes; hypertrophic cardiomyopathy; 

hypertelorism; pectus excavatum; normal 

intelligence in most 

Hypertelorism; ptosis; posteriorly rotated ears; 

short or webbed neck; pectus excavatum; 

hypertrophic cardiomyopathy; bleeding diathesis; 

lymphatic abnormalities including hydrops fetalis; 

mild mental retardation in 25% 

Microcephaly; intrauterine growth retardation; 

cataracts; mental retardation 

Large birth weight; macrocephaly; coarse facies; 

polydactyly; syndactyly; mental retardation 

Periorbital puffiness; full lips; short palpebral 

fissures; hoarse voice; mild microcephaly; 

hypercalcemia; renal or cerebral artery 

stenosis; mental retardation 

Autosomal dominant 

JAG1, 20012 

Autosomal dominant 

BRAF, 7q34 

KRAS, 12p12.1 

MEK1, 15q21 

MEkK2, 7q32 

Autosomal dominant 

HRAS, 11p15.5 

Autosomal dominant 

PTPN11, 12q24 

Autosomal dominant 

PTPN11, 12q24 

(50% of cases) 

KRAS, 12p12.2 

(small % of cases) 
In utero exposure to 

rubella virus 

X-linked 

GPC3, Xq26 

Submicroscopic 

deletion 

chromosome 

7q11.2 detectable 

by FISH 

Peripheral pulmonic stenosis is seen in sev- diagnosis. The finding of even a single addi- 

tional feature, whether dysmorphic or posteri- 

orly rotated ears, a webbed neck, pectus exca- 

vatum, or any other finding, should lead to 

serious consideration of the diagnosis. DNA test- 

ing will be helpful in confirming the diagnosis in 

about 50% of cases. Close to 50% of patients have 

a detectable mutation in PTPN11° while a small 

number of patients have been shown to have 

mutations in KRAS.* Other Noonan-like disor- 

ders also associated with pulmonic stenosis in- 

clude the cardio-facio-cutaneous (CFC) syn- 

drome and Costello syndrome. Molecular testing 

is also available for these disorders. 

eral common malformation syndromes as well. 

An important one is Alagille syndrome, which is 

also associated with valvar pulmonic stenosis. 

Patients with this autosomal dominant disorder 

typically have characteristic facies and cholesta- 

sis as well. Peripheral pulmonic stenosis also 

occurs in Williams syndrome although the more 

common lesion in that disorder is supravalvular 

aortic stenosis. 

Pulmonary atresia is rarely familial and typi- 

cally is an isolated anomaly. Like tricuspid atresia, 

it is not a common feature of any malformation 

syndromes. 
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Figure 29-1. Infant with Noonan syndrome. 

Note the typical downward slanting palpebral 

fissures, hypertelorism, and low-set posteri- 

orly rotated ears. (Photograph reprinted with 

permission from Digilio MC, Marino B. Clinical 

manifestations of Noonan syndrome. Images 

Paed Cardiol. 20071;7:19-30.) 

> PROGNOSIS 

Most patients with tricuspid atresia require 

surgery and a significant majority survive. The 

prognosis for patients with Ebstein anomaly 

varies widely depending on the severity of the 

defect. In infants with a severely abnormal valve 

or associated defects, surgery or even cardiac 

transplantation is often necessary and surgical 

procedures are associated with high mortality. 

Sudden death may occur in older children or 

adults with the defect, presumably due to ar- 

rhythmias. The prognosis for children with pul- 

monic stenosis is generally good. Mild pulmonic 

stenosis rarely progresses in severity over time 

and therefore typically does not require inter- 

vention. More severe forms do progress and re- 

quire early treatment with valvuloplasty or 

surgery. The results are generally good. Treat- 

ment of pulmonary atresia is more difficult. 

Prostaglandin infusion in the neonatal period is 

necessary to keep the ductus open and provide 

adequate pulmonary blood flow. Multiple sur- 

gical procedures are often necessary, the nature 

> TABLE 29-2 Risk of Recurrence in Different 

Types of Right Ventricle Obstructive Lesions 

Type of Defect Risk of Recurrence 
aaa 

Tricuspid atresia 1% 

Ebstein anomaly 2% 

Pulmonic stenosis 2% 

Pulmonary atresia 1% 

and timing of which are dependent on right 

ventricular size, associated defects, and other 

factors. 

> GENETIC COUNSELING 

Patients with right ventricular outflow tract ob- 

structive defects should be carefully examined for 

the presence of any associated anomalies sug- 

gesting the diagnosis of a malformation syndrome. 

If the diagnosis of a multiple malformation syn- 

drome is established, the appropriate genetic 

counseling should be provided for that disorder. 

If the patient has multiple malformations and a 

specific diagnosis cannot be readily established, 

consultation should be obtained from a clinical 

geneticist prior to offering any genetic counseling. 

The estimated recurrence risk for siblings of 

patients with isolated right ventricular outflow 

tract defects, assuming a negative family history is 

given in Table 29-2. If there is any uncertainty 

with regard to whether the family history is in- 

deed negative (e.g., if a parent reports a history of 

arrhythmia), then echocardiography should be 

recommended for the individual in question be- 

fore genetic counseling is provided. Fetal echocar- 

diography should be offered in future pregnancies. 
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CHAPTER 30 

Left Ventricular Outflow Tract 
Obstructive Defects 

BARBARA K. BURTON 

> INTRODUCTION 

Left ventricular outflow tract obstructive (ELVOTO) 

defects are congenital defects of the heart and 

aorta that reduce outflow into the systemic circu- 

lation. They include mitral stenosis or atresia, 

subaortic stenosis, bicuspid aortic valve, aortic 

valve stenosis, supravalvular aortic stenosis, coarc- 

tation of the aorta, interrupted aortic arch, and hy- 

poplastic left heart syndrome. 

> DESCRIPTION AND CLINICAL 
PRESENTATION 

Infants with mitral stenosis typically present with 

tachypnea, diaphoresis, respiratory distress, and 

failure to thrive—a common array of symptoms 

seen in most forms of LVOTO defects. Chest ra- 
diographs reveal pulmonary venous congestion 

and cardiomegaly with enlargement of the right 

ventricle. The left atrium may be enlarged. Elec- 

trocardiogram (ECG) findings are variable but 

usually include right ventricular hypertrophy. 

The diagnosis can be established by echocar- 

diography while cardiac catheterization may be 

necessary for assessment of pressure gradients. 
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The aortic valve is normally composed of 

three leaflets. Fusion of two of these leaflets 

gives rise to a bicuspid aortic valve in which the 

leaflets have straight rather than semicircular 

free margins. Although this results in some lim- 

itation in the size of the valve orifice and some 

decrease in mobility, it is usually a benign anom- 

aly in childhood. In adult life, it is associated 

with an increased risk of calcific aortic stenosis 

and of aortic aneurysms.' 

A large majority of patients with aortic steno- 

sis have aortic valvar stenosis. Approximately 10% 

have supravalvular stenosis and a slightly greater 

number have subaortic stenosis. The clinical find- 

ings are variable depending on the severity of the 

lesion. Patients with mild defects may be asympto- 

matic while infants with severe defects may present 

in shock. Physical examination reveals a systolic mur- 

mur of variable intensity and may reveal reduced 

pulses, a systolic click and gallop. A minority of pa- 

tients will exhibit an early diastolic murmur of 

aortic insufficiency. Chest radiographs reveal di- 

latation of the ascending aorta with eventual left 

ventricular enlargement. ECG can be normal or 

can show left ventricular hypertrophy with strain, 

depending on the severity of the obstruction. The 

diagnosis can be established and the pressure 
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gradient between the left ventricle and the aorta 

can be assessed by two-dimensional and Doppler 

echocardiography. 
Coarctation of the aorta refers to narrowing 

of the thoracic descending aorta caused by 

thickening of the aortic media. It may be an iso- 

lated defect but often occurs in association with 

other LVOTO defects, commonly in association 

with aortic stenosis. Coarctations are frequently 

classified as being preductal, juxtaductal, or 

postductal although most are juxtaductal. 

Most patients with an isolated coarctation of 

the aorta are asymptomatic. When symptoms are 

noted in infancy, it is most often because of as- 

sociated cardiovascular anomalies or because 

there is diffuse tubular hypoplasia of the aorta, a 

defect that is histologically different than coarcta- 

tion. In tubular hypoplasia of the aorta, there is a 

long narrow segment of proximal or distal aortic 

arch and isthmus but the media of the aorta is 

normal. When an infant with a severe coarctation 

or tubular hypoplasia presents in infancy,’a previ- 

ously asymptomatic infant may suffer sudden car- 

diovascular collapse at the time of closure of the 

ductus when there is a sudden precipitous drop in 

blood being delivered to the systemic circulation. 

The classical physical findings in less severely af- 

fected patients are elevated blood pressure in the 

upper extremities, decreased blood pressure in 

the lower extremities, and decreased or absent 

pulses in the lower extremities. The chest radi- 

ograph and ECG are usually normal. Over time, 

the typical rib notching may develop because of 

the gradual dilatation of intercostal collateral arter- 

ies. The diagnosis can be established by two- 

dimensional and Doppler echocardiography using 

suprasternal notch views. 

Interrupted aortic arch is a discontinuity in 

the aorta with the blood supplied to the de- 

scending aorta either by the ductus arteriosus or 

by a proximal aortic branch vessel. It is subdi- 

vided into three types: (1) type A, in which the 

interruption is distal to the origin of the left sub- 

clavian artery; (2) type B, in which the interrup- 

tion is proximal to the origin of the subclavian 

artery and between the left common carotid 

and left subclavian arteries; and (3) type C, in 

which the interruption is proximal to the left com- 

mon carotid artery between the innominate and 

the left common carotid arteries. Type B is the 

most common, accounting for approximately 

65% of all cases. In virtually every case, inter- 
rupted aortic arch is associated with intracardiac 

anomalies, the nature of which affects clinical 

presentation. Most affected infants present with 

respiratory distress, cyanosis, and variably de- 

creased peripheral pulses. Differential cyanosis 

is a useful clinical sign, if present, but rarely oc- 

curs because 85% of affected infants have an as- 

sociated ventricular septal defect. Most cases of 

interrupted aortic arch can be diagnosed accu- 

rately by echocardiography. 

Hypoplastic left heart syndrome is a com- 

plex congenital heart malformation associated 

with atresia or severe hypoplasia of the aortic 

and mitral valves, severe hypoplasia of the left 

ventricle and hypoplasia of the ascending aorta. 

Other cardiac defects may also be present in- 

cluding atrioventricular septal defect, atrial septal 

defect, anomalous pulmonary venous connec- 

tions, and persistent left vena cava. Infants with 

this severe disorder are typically asymptomatic 

at birth because the open ductus arteriosus sup- 

plies blood to the systemic circulation. As soon 

as the ductus begins to constrict, however, there 

is a dramatic reduction in systemic blood flow 

and the signs and symptoms of shock develop 

rapidly. Most affected infants develop a signifi- 

cant metabolic acidosis with elevated lactic acid 

levels. The chest radiograph reveals cardiomegaly 

with increased pulmonary vascularity. ECG re- 

veals right atrial enlargement with peaked P 

waves and right ventricular hypertrophy. The 

diagnosis can be confirmed by two-dimensional 

and Doppler echocardiography. 

> ASSOCIATED SYNDROMES 

The multiple malformation syndromes most 
commonly associated with LVOTO defects are 
listed in Table 30-1. Among the most common 
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> TABLE 30-1 Syndromes Commonly Associated with Left Ventricle Outlet Obstructive Defects 

Syndrome Cardiac Lesions Other Clinical Findings Etiology 

Adams-Oliver Coarct, BAV Congenital scalp and skull Autosomal dominant 
syndrome defects; terminal transverse 

limb defects 
DiGeorge IAA Cleft palate; minor dysmorphic Submicroscopic deletion 
syndrome facial features; hypocalcemia; chromosome 22q11.2 

absent thymus 
Jacobsen HLHS, Coarct Intrauterine growth retardation; Deletion 

syndrome hypertelorism; ptosis; malformed chromosome 11q23 
ears; joint contractures; 
hypospadias; thrombocytopenia; 
mental retardation 

Kabuki Coarct Long palpebral fissures; everted Autosomal dominant 

syndrome lower lids; hyperextensible joints; 

mild mental retardation 
Pallister-Hall BAV, MV Hypothalamic hamartoblastoma; Autosomal dominant 

syndrome anomalies hypopituitarism; imperforate GLI3, 7p13 

anus; polydactyly 
PHACES Coarct Posterior fossa malformations; Undetermined 
syndrome hemangiomas; cleft sternum; 

supraumbilical abdominal raphe; 

eye malformations 

Maternal PKU = Coarct, AS, Microcephaly; intrauterine growth Prenatal exposure to 

syndrome HLHS retardation; mental retardation elevated blood 

phenylalanine levels 

Smith-Lemli- AS, Coarct, Microcephaly; anteverted nares; Autosomal recessive 

Opitz HLHS ptosis; syndactyly; hypospadias; © DHCR7, 11q12 

syndrome mental retardation 

Trisomy 13 BAV, HLHS Eye malformations; cleft lip palate; © Nondisjunction in most 
polydactyly; scalp defects; cases; translocation 

90% mortality by age 12 months which may be inherited 
from a balanced 
translocation carrier 
parent in a small 

percentage of cases 

Trisomy 18 BAV, Coarct, Intrauterine growth retardation; Nondisjunction in most 
HLHS overlapping fingers; short cases; translocation 

sternum; small pelvis; which may be inherited 

90% mortality by age from a balanced 

12 months translocation carrier 
parent in a small 

percentage of cases 

Turner BAV, Coarct, Lymphedema; short or webbed 45,X chromosome 

syndrome AS, MS, neck; posteriorly rotated ears; complement in most 

HLHS short stature; ovarian dysgenesis cases 

aortic stenosis; IAA, interrupted aortic arch; MS, mitral stenosis. 
Coarct, coarctation of aorta; BAV, bicuspid aortic valve; HLHS, hypoplastic left heart syndrome; MV, mitral valve; AS, 
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Figure 30-1. A and B. Typical findings in a newborn female infant with Turner syndrome. Note 

the redundant skin folds at the nape of the neck in 30-1A, and the edema of the dorsum of the 

foot in 30-1B. 

conditions are Turner syndrome, which is most 

often the result of a 45,X karyotype , and may 

be associated with coarctation of the aorta, aor- 

tic stenosis, or rarely even hypoplastic left heart 

syndrome (Fig. 30-1). In addition, up to 50% of 

patients with Turner syndrome have a bicuspid 

aortic valve. Another common condition with a 

characteristic lesion is Williams syndrome, asso- 

ciated with supravalvular aortic stenosis. The 

submicroscopic chromosome deletion that ac- 

companies this common disorder encompasses 

the elastin gene resulting in an elastin-deficient 

vasculopathy that can result in multiple vascu- 

lar stenoses among other phenotypic findings. 

The DiGeorge syndrome is an important disor- 

der associated with interrupted aortic arch. In- 

deed two-thirds of all patients with interrupted 

aortic arch and 80-90% of patients with type B 

interrupted aortic arch have this condition, which 

is associated with a submicroscopic deletion of 

chromosome 22q11.2 detectable by fluorescence 

in-situ hybridization (FISH) or by microarray 

analysis. 

> TREATMENT AND PROGNOSIS 

The prognosis for left ventricular outflow tract de- 

fects is related to the nature and severity of the ob- 

struction. Congenital mitral stenosis is not typically 

relieved by balloon dilatation so when interven- 

tion is required, surgery is usually necessary. Aor- 

tic valve abnormalities tend to increase in severity 

over time. Sudden death is a well-known com- 

plication of moderate to severe aortic stenosis, 

and bacterial endocarditis occurs in dysplastic 

aortic valves with an annual incidence of about 

1%. Newborns with critical aortic stenosis can be 

treated with prostaglandin E1 infusion to open 

the ductus. Subsequently the preferred procedure 

for most patients is a limited valvotomy because 

of the high mortality associated with surgical 

correction of infantile aortic stenosis. Balloon 

aortic valvotomy is preferred in most of the older 

patients over Open commissurotomy using car- 

diopulmonary bypass because of the high inci- 

dence of aortic insufficiency postoperatively. 

Valve replacement can be done but is difficult. 

Surgical correction of supravalvar aortic stenosis 

is by lateral aortotomy with resection of the 

stenotic areas and insertion of a Dacron graft and 

is effective. Surgery for subvalvar stenosis is pos- 

sible in most patients but the prognosis depends 

on the severity and extent of the lesion. 

Hypoplastic left heart syndrome was once a 

uniformly lethal birth defect. Surgical options 

now include either a three-stage reconstruction, 

beginning with the Norwood procedure to en- 

large the hypoplastic aorta, or cardiac transplanta- 

tion. Mortality remains high despite these options, 
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however, and some families continue to choose 

palliative care without surgical intervention. An 

increasing number of fetuses with severe aortic 

stenosis at risk for the development of hypoplas- 

tic left heart syndrome are being identified in 

utero as high-resolution ultrasonography and fe- 

tal echocardiography are becoming more widely 

available. Echocardiographic features associated 

with progression of midgestation aortic stenosis 

to hypoplastic left heart syndrome have been 

identified and described.’ Fetal surgery with bal- 

loon aortic valvotomy has been shown to im- 

prove the outcome in some fetuses otherwise 

destined to develop hypoplastic left heart syn- 

drome.’ Although these techniques are still highly 

experimental, they demonstrate that prevention 

of this devastating birth defect may be possible 

in at least some cases. 

Treatment of interrupted aortic arch is by sur- 

gical repair. Infusion of prostaglandin E1 is often 

used to maintain flow through the ductus prior 

to surgical intervention. Mortality is significant. 

> GENETIC COUNSELING 

Prior to providing genetic counseling to the par- 

ents of a patient with a LVOTO defect, every ef- 

fort should be made to be certain that the defect 

is, indeed, isolated and not part of a broader mal- 

formation syndrome. If a syndromic diagnosis is 

established, the appropriate genetic counseling 

should be provided for that diagnosis. If the pa- 

tient has multiple malformations without a unify- 

ing diagnosis, consultation with a clinical geneticist 

should be obtained prior to providing any ge- 

netic counseling. 

Isolated LVOTO defects have long been con- 

sidered to be multifactorial birth defects and 

early family studies suggested recurrence risks 

after one affected family member in the range 

of 2-4%. More recent studies with detailed 

echocardiographic assessment of first-degree 

family members reveal that the incidence of re- 

lated anomalies in family members is much 

higher than anticipated. Bicuspid aortic valve 

occurs in 5.1% of asymptomatic first-degree rela- 

tives of probands with aortic stenosis, coarctation 

of the aorta, and hypoplastic left heart syndrome 

while more serious LVOTO defects occur in an 

additional 3.7%.* These findings suggest that all 

parents and siblings of patients with LVOTO de- 

fects should be screened by echocardiography. 

Fetal echocardiography should be recom- 

mended for all subsequent pregnancies. 
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CHOARERRS31 

Dextrocardia 
BARBARA K. BURTON 

> INTRODUCTION 

Dextrocardia is a congenital anomaly in which 

the heart is positioned abnormally within the 

right side of the chest with the apex pointing to 

the right rather than to the left. It is often asso- 

ciated either with situs inversus totalis, in which 

the normal left-right anatomy of the thoracic and 

abdominal organs is reversed in mirror image, or 

with heterotaxy, in which there is some de- 

rangement of left-right anatomy. When dextro- 

cardia occurs in the context of situs inversus, the 

incidence of congenital heart defects is much 

lower than it is in the case of either heterotaxy 

syndromes or situs solitus, in which there is no 

alteration in normal anatomy and the normal 

left-right alignment of other organs is maintained. 

> EPIDEMIOLOGY/ETIOLOGY 

Situs inversus totalis is estimated to occur in 

somewhere between 1 in 8000 and 1 in 25,000 

births.’ Although it can occur sporadically in an 

otherwise completely healthy normal child, it 

occurs most commonly in association with a 

group of autosomal recessive disorders referred 

to collectively as primary ciliary dyskinesia dis- 

orders. All are associated with abnormal ciliary 

function or absent cilia and are characterized by 

clinical findings which may include recurrent 
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sinusitis, bronchitis and rhinitis, infertility, hy- 

drocephalus, anosmia, and retinitis pigmentosa. 

Mutations in the axonemal heavy chain dynein 

type 11 gene have been identified in some pa- 

tients with primary ciliary dyskinesia.* 

Dextrocardia in association with a hetero- 

taxy syndrome occurs in about 1 in every 10,000 

births and represents approximately 3% of all 

cases of congenital heart disease. It is more 

likely to come to attention than the dextro- 

cardia associated with situs inversus because of 

the high risk of associated cardiac malforma- 

tions. Most cases of heterotaxy are sporadic but 

X-linked recessive inheritance has been clearly 

documented in a subset of families. Mutations 

in the zinc finger transcription factor ZIC3 gene 

have been identified as the underlying defect in 

X-linked heterotaxy and appear to be responsi- 

ble for about 1% of all sporadically occurring 

cases of heterotaxy as well.’ Other genes that 

have been shown to play a role in some cases 

of human heterotaxy include CRYPTIC/CFC1,* 

LEFTY,* and ACVR2B.° 
Dextrocardia has been described in associa- 

tion with a large number of different chromo- 

some anomalies but it is not a common feature of 

any one specific chromosomal syndrome. Non- 

genetic factors that have been shown to increase 

the risk of dextrocardia, with or without hetero- 

taxy, include maternal diabetes, first trimester co- 

caine use, and monozygotic twinning.’ 



206 PART V CARDIAC MALFORMATIONS 

> TABLE 31-1 Congenital Heart Defects in Association with Dextrocardia 

with Situs Inversus and Asplenia Syndrome 

Situs Inversus 

Right aortic arch 80% 

VSD 60% 
TGA 50% 
PS 50% 
DORV 30% 

Asplenia Syndrome 

Common atrium or ASD 90% 

AV septal defect 80% 

DORV 80% 
PS 80% 
TGA 80% 
TAPVR 70% 

Single ventricle 50% 

Bilateral SVC 50% 

VSD, ventricular septal defect; TGA, transposition of the great arteries; PS, pulmonic 
stenosis; DORV, double outlet right ventricle; ASD, atrial septal defect; AV, atrioventricular; 
TAPVR, total anomalous pulmonary venous return; SVC, superior vena cava. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

The congenital heart malformations present in as- 

sociation with dextrocardia are often multiple and 

complex. This is particularly true in the form of 

heterotaxy known as asplenia. The most com- 

mon cardiac lesions found in patients with either 

dextrocardia in association with situs inversus or 

dextrocardia in association with the asplenia syn- 

drome are listed in Table 31-1. The cardiac le- 

sions in the polysplenia syndrome tend to be less 

complex than those noted above in the asplenia 

syndrome. In addition, there are several cardio- 

vascular findings that are common in polysplenia 

but rarely seen in asplenia. These include partial 

anomalous pulmonary venous return, intrahep- 

atic interruption of the inferior vena cava with 

connection to the azygous or hemiazygous vein 

and left ventricular outflow tract obstruction. Mul- 

tiple congenital anomalies in other organ systems 

are common in both asplenia and polysplenia. 

> EVALUATION 

The following studies are recommended for the 

infant identified as having dextrocardia: 

1. Electrocardiogram (ECG) and echocar- 

diogram. Depending on the results of these 

studies and on clinical assessment, cardiac 

magnetic resonance imaging (MRI) or angiog- 

raphy may be required to further define distal 

pulmonary arteries or venous connections. 

2. Abdominal ultrasound to determine spleen 

size and position, liver situs, and position of 

pancreas. 
3. Overpenetrated chest radiograph to deter- 

mine pulmonary situs. 

4. Complete blood count (CBC) with smear to 

look for Howell-Jolly bodies as a test for 

functional asplenia, which may be seen in 

both asplenia and polysplenia syndromes. 

5. Chromosome analysis. If normal, con- 

sider microarray analysis, particularly if other 

anomalies are present. 

> PROGNOSIS AND TREATMENT 

The prognosis for dextrocardia varies dramatically 

depending on the associated cardiac malforma- 

tions and the underlying systemic diagnosis. In 

the patient with an otherwise normal heart, the 

prognosis can be excellent. More commonly, in 

the patient with a heterotaxy syndrome and 

complex congenital heart disease, the progno- 

sis is poor. Medical treatment is indicated for 

congestive heart failure and arrhythmias. Correc- 
tive surgery is possible in some cases, Antibiotic 
prophylaxis should be considered for infants 



with functional asplenia to reduce the risk of 

death from sepsis. 

> GENETIC COUNSELING 

Genetic counseling for patients with dextrocar- 

dia will be dependent on the underlying diag- 

nosis. Most of the primary ciliary dyskinesia syn- 

dromes associated with situs inversus totalis are 

inherited in an autosomal recessive pattern. Par- 

ents of a child affected with one of these disor- 

ders face a recurrence risk of 1 in 4 in any fu- 

ture pregnancy. 
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CHAPTER 32 

Cardiomyopathy 
BARBARA K. BURTON 

> INTRODUCTION 

Cardiomyopathy is a disorder that results fun- 

damentally from a defect in the cardiac myocyte 

in the absence of a gross anatomic anomaly of 

the heart. Dilated cardiomyopathy is character- 

ized by diminished cardiac contractility with ven- 

tricular enlargement, abnormal diastolic function 

and congestive heart failure. In contrast, hyper- 

trophic cardiomyopathy is characterized by inap- 

propriate thickening of the ventricular walls with 

normal, hyperdynamic, or decreased systolic 

performance and normal or decreased ventric- 

ular chamber size. 

> EPIDEMIOLOGY/ETIOLOGY 

The etiology of cardiomyopathy is extraordinar- 

ily diverse, particularly in the neonate. Many dif- 

ferent insults, including infection, asphyxia, or ex- 

posure to toxic metabolites may result in myocyte 

injury with subsequent myocardial dysfunction.’ 

The estimated incidence of cardiomyopathy from 

all causes, in the absence of structural heart dis- 

ease, is approximately 1 in 10, 000 births. Among 

the infectious causes known to be associated 

with neonatal dilated cardiomyopathy are bacte- 

rial sepsis and viral myocarditis associated with 

agents such as echovirus and Coxsackie virus, type 
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B. Many inherited metabolic disorders are asso- 

ciated with dilated cardiomyopathy. Some may 

present acutely with other systemic findings that 

give clues to the diagnosis while in other cases, 

cardiomyopathy may be the sole presenting man- 

ifestation. Disorders associated with congenital lac- 

tic acidosis, such as mitochondrial respiratory chain 

defects or defects in pyruvate metabolism, are 

often associated with cardiomyopathy, which 

may be either dilated or hypertrophic. When ele- 

vated plasma lactic acid levels are noted in an 

infant with severe cardiomyopathy and signs of 

congestive heart failure, there may be difficulty in 

determining whether the lactic acidosis is a pri- 

mary finding or secondary to decreased peripheral 

perfusion. Sequential determinations following 

initiation of treatment may be helpful in sorting 

this out. In addition, measurement of lactic acid in 

cerebrospinal fluid or in brain by magnetic reso- 

nance spectroscopy is often abnormal in infants 

with defects in the respiratory chain or in pyruvate 

metabolism, and can be helpful diagnostically. 

Patients with Barth syndrome characteristically 

exhibit a finding of ventricular noncompaction 

on echocardiogram in addition to dilated car- 

diomyopathy, neutropenia, and 3-methyglutaconic 

aciduria. They have a mutation in the X-linked 

gene that codes for the protein tafazzin. Mutations 

in the tafazzin gene may also give rise to variant 

phenotypes including X-linked cardiomyopathy 
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without noncompaction or cardiomyopathy and 

noncompaction without the other phenotypic 

features of Barth syndrome. 
A common cause of hypertrophic cardiomy- 

opathy in neonates which is usually transient 

but occasionally severe is maternal diabetes mel- 

litus. It results from the myocardial trophic re- 

sponse to fetal hyperinsulinemia provoked by 

maternal hyperglycemia. Transient hypertrophic 

cardiomyopathy may also occur with in utero 

exposure to sympathomimetic agents. An im- 

portant cause of hypertrophic cardiomyopathy 

for which early diagnosis is critical is Pompe dis- 

ease, the lysosomal form of glycogen storage dis- 

ease associated with a deficiency of o-glucosidase 

activity (Fig. 32-1). Enzyme replacement therapy 

is now available for this disorder but is effective 

only when started before muscle fiber destruc- 

tion is too far advanced so findings suggestive of 

this disorder should lead to immediate assay of 

o-glucosidase activity.” Another common cause 

of hypertrophic cardiomyopathy is Noonan syn- 

drome which is often also associated with a dys- 

plastic pulmonic valve. The dysmorphic features 

that accompany this highly variable condition 

can range from very obvious with hypertelorism, 

low set, dysmorphic ears, a Turner-like webbed 

neck, pectus excavatum, and cryptorchidism to 

very subtle with only one or two minor abnor- 

mal findings being present. Other genetic disor- 

ders associated with cardiomyopathy are listed 

in Table 32-1. 

Isolated familial dilated cardiomyopathy and 

familial hypertrophic cardiomyopathy both may 

present in infancy although it is more common 

for these disorders to be detected in later child- 
hood or adult life. Over 25 different genes have 

been identified as causative of familial dilated 
cardiomyopathy.’ The most common mode 

of inheritance is autosomal dominant although 

X-linked, autosomal recessive and mitochondr- 

ial patterns of inheritance are also observed. 

Familial hypertrophic cardiomyopathy is an au- 

tosomal dominant disorder that represents one of 

the most common single gene defects in the pop- 

ulation, affecting about 1 in every 500 individuals 

Figure 32-1. 

Note the hypotonic posture and macroglos- 

sia. This infant also presented with hyper- 

trophic cardiomyopathy with massive QRS 

complexes on ECG and a short PR interval. 

Infant with Pompe disease. 

worldwide.* It is a disorder of the sarcomere, re- 

sulting from a mutation in 1 of 11 different sar- 

comeric proteins (Fig. 32-2). The most common 

gene affected is the B-myosin heavy chain gene. 

Familial hypertrophic cardiomyopathy is the 
most common cause of sudden death in ath- 
letes in the United States. 
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> TABLE 32-1 Genetic Disorders Associated with Cardiomyopathy 
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Disorder Other Findings Pattern of Inheritance 

Barth syndrome 

Beckwith-Wiedemann 

syndrome 

Cardio-facio-cutaneous 

(CFC) syndrome 

Congenital disorders 

of glycosylation 

(CDG syndromes) 

Costello syndrome 

Leopard syndrome 

Long chain fatty acid 

oxidation disorders 

(VLCAD deficiency, 

LCHAD deficiency) 

Mitochondrial 

respiratory 

chain defects 

Mucopolysaccharidoses 

Noonan syndrome 

Pompe disease 

Primary carnitine 

deficiency (carnitine 

uptake defect) 

Cyclic neutropenia; elevated plasma 

lactate; 3-methylglutaconic aciduria; 

ventricular non-compaction 

Macrosomia; macroglossia; umbilical 

defects; hypoglycemia; 

hepatosplenomegaly 

Dysmorphic facies, pulmonic stenosis, 

sparse hair, skin lesions; mental 

retardation 

Mental retardation; hypotonia; 

hepatomegaly; abnormal fat 

distribution 

Macrocephaly; coarse facies; loose skin 

on hands and feet; perioral, nasal, and 

perianal papillomata; mental retardation 

Hypertelorism; multiple lentigenes; pectus 

excavatum; pulmonic stenosis 

Hypotonia; hypoglycemia triggered by 

fasting or intercurrent illness; elevated 

CK; abnormal acylcarnitine profile 

Widely variable clinical and laboratory 

findings. May include hypotonia, 

seizures, lactic acidosis, abnormal 

urine organic acids 

Coarse facies; hepatosplenomegaly; 

stiff joints; recurrent respiratory 

infections; dysostosis multiplex; valve 

thickening; cardiac findings may be 

first manifestation 

Hypertelorism; low set, posteriorly rotated 

ears; webbed neck; pectus excavatum; 

cryptorchidism; dysplastic stenotic 

pulmonary valve; lymphatic abnormalities; 

mental retardation in 25% 
Hypotonia; macroglossia; short PR interval 

and huge QRS complexes on ECG 

Fasting hypoglycemia; hypotonia; weakness 

X-linked; mutation in the 

G4.5 gene for tafazzin 

Defect in genomic imprinting 

with overexpression of 

genes on chromosome 

11p15 

Autosomal dominant; 

most cases new mutations 

Autosomal recessive 

Autosomal dominant 

Autosomal dominant; 

mutation in PTPN11 

Autosomal recessive 

Autosomal recessive or 

mitochondrial (maternal) 

Most are autosomal 

recessive 

Mucopolysaccharidosis 

type II (Hunter syndrome) 

is X-linked 

Autosomal dominant; 

mutation in PTPN11, 

KRAS, or unidentified 

gene 

Autosomal recessive; 

deficiency of 

alpha-glucosidase 

Autosomal recessive 
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Troponin T a@-Tropornyosin 
(~15%) (<5%) 

Troponin C Troponin | 
Myosin-Binding 

Protein C —— 
(~15%) 

Figure 32-2. A diagram of the sarcomere identifying the site of gene muta- 

tions in familial hypertrophic cardiomyopathy. (Reprinted with permission from 

Spirito P. Seidman CE, McKenna Wu, et al. The management of hypertrophic car- 

diomyopathy. New Eng J Med. 1997;336:775-85.) 

> DIAGNOSIS 

The primary signs and symptoms of dilated car- 

diomyopathy are those of combined right and left 

congestive heart failure including decreased feed- 

ing and activity, hepatomegaly, tachypnea, retrac- 

tions, a gallop rhythm, systolic regurgitant murmur 

and variable signs of decreased cardiac output in- 

cluding tachycardia, hypotension, diminished 

pulses, decreased perfusion and oliguria. Chest ra- 

diographs reveal cardiomegaly and pulmonary 

edema. Electrocardiography (ECG) reveals tachy- 

cardia, often diffusely decreased voltage ampli- 

tudes, occasionally diffusely increased voltage am- 

plitudes, and often diffuse repolarization changes. 

The diagnosis is established by echocardiography. 

Other diagnoses with a similar presentation, such 

as certain cardiac structural defects or anomalous 
origin of the left coronary artery from the pul- 

monary artery should be differentiated by echocar- 

diography with angiography, if needed. 

Patients with hypertrophic cardiomyopathy 

present with clinical findings very similar to 

those observed in patients with dilated car- 

diomyopathy with evidence of right and left 

congestive heart failure. A prominent murmur 

from ventricular outflow stenosis and/or mitral 
regurgitation is often present. Chest radiographs 

often reveal cardiomegaly and pulmonary edema. 

The ECG reveals diffusely increased QRS volt- 

age amplitude and repolarization changes. In 

Pompe disease, the QRS complexes are partic- 

ularly huge and an additional finding of note in 

many patients is a short PR interval. The diag- 

nosis of hypertrophic cardiomyopathy is again 

established by echocardiography. 

> EVALUATION 

1. Complete prenatal and perinatal history. 

Factors of particular importance in the case 



of dilated cardiomyopathy include any fac- 

tors suggesting risk of infection or asphyxia. 

In the case of hypertrophic cardiomyopa- 

thy, exposure to sympathomimetic agents 

and maternal diabetes are factors of note. 

2. Complete family history including attention to 

any family members with history of cardiomy- 

opathy, heart failure, arrhythmia, early death, 

or neuromuscular disease. Parental consan- 

guinity, if present, would be of significance. 

3. Complete physical examination to docu- 

ment cardiovascular findings as well as any 

associated findings such as hypotonia that 

might suggest a diagnosis such as Pompe 

disease or a mitochondrial disorder or dys- 

morphic features that might suggest a spe- 

cific syndrome such as Noonan syndrome. 

4. Chest radiograph, ECG, echocardiogram. 

5. Cardiology consultation. 

6. Blood electrolytes with total CO 2 or bicar- 
bonate, glucose, blood urea nitrogen (BUN), 

creatinine, and complete blood count. 

7. If infection is suspected, bacterial cultures 

(blood, urine, cerebrospinal fluid [CSF]), vi- 

ral cultures (nasopharyngeal and CSF), and 

serology. 

8. If metabolic disease is suspected, blood am- 

monia, blood gases, plasma lactic acid, pyru- 

vic acid, total and free carnitine, acylcarnitine 

profile, creatine kinase, liver function tests, 

quantitative plasma amino acids, urine organic 

acids. 
9. In selected cases, urine mucopolysaccharide 

analysis and carbohydrate deficient transfer- 

rin (or other form of testing for congenital dis- 

orders of glycosylation). 

10. Consultation with metabolic disease specialist. 

> TREATMENT 

Treatment of dilated cardiomyopathy in the 

acute phase includes correction of electrolyte, 

calcium- and acid-base abnormalities, provision 

of intravenous glucose, careful fluid management 
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to maintain cardiac output while minimizing 

edema, and supporting myocardial function with 

inotropic agents. Other supportive intensive care 

measures may be employed as needed. Chronic 

supportive therapy is aimed at maximizing the 

strength and longevity of cardiovascular perfor- 

mance, controlling symptoms of congestive heart 

failure and controlling arrhythmias. Spironolac- 

tone, angiotensin-converting enzyme inhibitors, 

and B blockers are often used. Digitalis and diuret- 

ics may help with symptoms related to systemic 

and pulmonary edema. Cardiac transplantation is 

considered if the course appears likely to be fatal 

despite treatment of the primary disease, if known, 

and if there is no irreversible dysfunction of other 

organs. 

In patients with hypertrophic cardiomyopathy, 

inotropic agents and diuretic agents are potentially 

harmful and are generally not used. B-Adrenergic 

receptor blockers can improve symptoms but do 

not affect the progression of hypertrophy or sur- 

vival. Ventricular septal myomectomy is the treat- 

ment of choice for patients who do not respond 
to medical management. Cardiac transplantation 

is required in some severely affected patients. 

Holter monitoring for ventricular arrhythmias 

should routinely be performed in all patients with 

hypertrophic cardiomyopathy and treatment with 

antiarrhythmic agents initiated in those with ven- 

tricular tachycardia. 
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GEAP LER 33 

Esophageal Atresia and 
Lyvacheoesophageal Fistula 

PRAVEEN KUMAR 

> INTRODUCTION 

Esophageal atresia (EA) is defined as the absence 

of an esophageal segment and is often associated 

with tracheoesophageal fistula (TEF), which is an 

abnormal communication between the lumen of 

the trachea and the esophagus. The Gross classi- 

fication is commonly used anatomic classifica- 

tion system for this malformation and describes 

the following five major variations (Fig. 33-1).’ 

1. Type A—lesions include isolated esophageal 

atresia without TEF and are seen in nearly 

8% of all infants with this malformation. 

. Type B—defects include EA with TEF between 

proximal pouch of esophagus and trachea. 

This defect accounts for less than 1% of lesions. 

. Type C—defects are most common and seen 

in 85-90% of all infants with TEFs and in- 

clude EA with TEF between distal pouch of 

esophagus and trachea. 

. Type D—defects are characterized by EA and 

two TEF between trachea and both proximal 

and distal esophageal pouches. These de- 

fects account for nearly 1% of all cases. 

. Type E—defects are characterized by pres- 

ence of TEF without an EA and are also called 

H-type fistula. These defects are seen in 2-5% 

of all cases. 
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> EPIDEMIOLOGY/ETIOLOGY 

EA with or without TEF occurs in between 

1:3000 and 1:4000 births with no reported sec- 
ular trends or seasonal variation. A higher inci- 

dence of these malformations has been reported 
in non-Hispanic whites and in pregnancies with 

multiple births. A higher male to female ratio 

(1.3:1), higher incidence of prematurity and 

small for gestational age have also been re- 

ported.** It usually occurs sporadically with no 

identifiable genetic predisposition. The reports 

of familial occurrences and presence of coexis- 

tent anomalies suggest the possibility of herita- 

ble genetic factors, teratogens, and more wide- 

spread defects of embryogenesis in some cases. 

The etiology when not part of a multiple malfor- 

mation syndrome is thought to be multifactorial. 

> EMBRYOLOGY 

The esophagus and trachea develop from the 

foregut between third and fifth week of gesta- 

tion. It is widely believed that two lateral longi- 

tudinal tracheoesophageal folds develop and 

fuse to form tracheoesophageal septum, which 

separates ventral trachea from dorsal esopha- 

gus. Disruption of normal partitioning by the 
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tracheoesophageal septum results in EA with or 

without TEF. Recent studies have questioned the 

presence of lateral tracheoesophageal folds and 

have proposed that different types of EA and TEF 

can be better explained by imbalance in the 

growth of cranial and caudal folds in the area of 

tracheoesophageal separation.”° Localized alter- 

ations in epithelial proliferation and apoptosis 

have also been proposed to play a role. Isolated 

esophageal atresia may result from failure of re- 

canalization of the esophagus during the eighth 

week of development. These disruptions of nor- 

mal embryogenesis are associated with abnormal 

development of enteric neural plexuses and ab- 

normal histopathology of surrounding esophageal 

and tracheobronchial tissue and are responsible 

for various structural and functional defects in the 

trachea and esophagus following repair. 

> CLINICAL PRESENTATION 

The diagnosis of EA/TEF requires a high degree 

of suspicion. The earliest clinical signs are ex- 

cessive oral secretions and drooling of saliva. 

Attempts at feeding result in choking, coughing, 

Normal EA + Distal 

TEF 87% 8% 

Trachea “fe 

: 

Isolated EA EA + Proximal 

regurgitation, and cyanosis. The abdomen will 

be scaphoid in the absence of TEF but abdom- 

inal distension is a common feature in infants 

with a fistula between distal esophagus and the 

respiratory tract. Respiratory symptoms such as 

tachypnea, distress, cyanosis secondary to aspira- 

tion of saliva and/or gastric contents with resul- 

tant chemical pneumonitis will soon supervene if 

diagnosis is delayed. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

The incidence of associated malformations in 

these infants is high and ranges from 50% to 70%. 

As a group, infants with type A TEF have the 

highest incidence of associated malformations 

and infants with type E TEF are least likely to 

have other malformations. Table 33-1 summa- 

rizes commonly associated malformations in 

these infants. The presence of associated malfor- 

mations particularly cardiac, skeletal, and chro- 

mosomal abnormalities have significant negative 

impact on survival and outcome. Infants with 

EA + Double Isolated 

WER es TEF 4% 

Figure 33-1. Classification of esophageal atresia and tracheoesophageal fistulae. (Reprinted 
from Brunner HG, van Bokhoven H. Genetic players in esophageal atresia and tracheoesophageal 
fistula. Curr Opin Genet Dev. Jun 2005;15(3):341-7, with permission from Elsevier.) 
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> TABLE 33-1 Malformations Associated with 

EA and TEF 

System Incidence 

15-40% Cardiovascular System 

¢ VSD (most common) 

e ASD 

¢ Tetrology of Fallot 
e PDA 

* Coarctation of aorta 

Gastrointestinal System 

¢ Anorectal atresia 

e Intestinal atresia 

e Pyloric stenosis 

¢ Annular pancreas 

Genitourinary System 

¢ Renal agenesis 

or dysplasia 

¢ Horseshoe kidney 

¢ Ureteral and urethral 

malformations 

¢ Hypospadias 

Musculoskeletal System 

e Vertebral anomalies 

e Radial dysplasia 

e Rib malformations 

¢ Polydactyly/syndactyly 

¢ Scoliosis 
Central Nervous System ~10% 

¢ Hydrocephalus 

¢ Microcephaly 

¢ Holoprosencephaly 

¢ Neural tube defects 

Respiratory System <5% 

¢ Pulmonary and lobar 

agenesis 

¢ Tracheobronchomalacia 

¢ Ectopic/absent right-upper 

lobe bronchus 

¢ Diaphragmatic hernia 

¢ Congenital cystic 
adenomatoid 

malformation 

Others <5% 
* Cleft lip/palate 
¢ Abdominal wall defect 
¢ Single umbilical artery 

25-30% 

20-25% 

10-15% 

FA ese Be te ce A a es en ea 

VSD, ventricular septal defect; ASD, atrial septal defect; 

Gl, gastrointestinal; PDA, patent ductus arteriosus. 

associated skeletal malformations are more likely 

to have a complex cardiac malformation. 

The presence of other malformations indi- 

cates the need for careful evaluation for associ- 

ated syndromes and associations because of 
their potential impact on ultimate outcome, re- 

currence risk, and counseling. Nearly 5—10% of all 

infants with EA/TEF have associated chromosome 

abnormalities including trisomy 21 and trisomy 18. 

As many as 50-60% of patients with VACTERL 
(Vertebral-Anal-Cardiac-7racheo-Esophageal 

fistula-Renal-Limb anomalies) association have 

either tracheoesophageal fistula or esophageal 

atresia, nearly 10% of infants with EA/TEF meet 

criteria for VACTERL association and nearly 80% 

of these infants will also have an associated 

cardiac defect. Table 33-2 summarizes com- 

monly associated syndromes reported in these 

infants. 

> EVALUATION 

Most cases of EA and TEF are not suspected 

prenatally. The presence of both polyhydram- 

nios and an absent stomach bubble have a pos- 

itive predictive value of 56% but either of these 

two findings alone is a poor predictor of this 

condition,”* These ultrasound findings are rarely 

present before late second trimester and their 

absence does not exclude the diagnosis. If sus- 

pected, thorough sonographic survey including 

fetal echocardiography should be performed for 

coexistent anomalies. Genetic amniocentesis 

should be considered particularly in the pres- 

ence of associated malformations. 

After birth, inability to pass a nasogastric or 

orogastric tube is strongly suggestive of EA/TEF. 

The tube typically stops at 10-12 cm distance. 

An x-ray of chest and abdomen with tube coil- 

ing in the proximal esophageal pouch is diag- 

nostic of EA. The presence of air in the stomach 

confirms the presence of a distal fistula. Contrast 

studies are seldom necessary to confirm the di- 

agnosis. All infants with EA/TEF should be eval- 

uated for other associated congenital defects. 
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>TABLE 33-2 Syndromes Associated with Esophageal Atresia and Tracheoesophageal Fistula 

Syndrome Other Common Clinical Features Etiology 

Apert syndrome 

CHARGE association 

Fanconi pancytopenia 

syndrome 

Feingold syndrome 

(Oculo-duodeno- 

esophageal-digital 

(ODED) syndrome) 

Metaphyseal dysplasia 

(Cartilage-hair 

hypoplasia 

syndrome) 

Opitz syndrome 

Trisomy 18 

(Edwards syndrome) 

Trisomy 21 

(Down syndrome) 

VACTERL 
association 

Velocardiofacial 

syndrome 

Waardenburg 

syndrome 

Craniosynostosis, agenesis of corpus callosum, 

midfacial hypoplasia, syndactyly, pulmonary 

agenesis, cardiac defects, genitourinary 

anomalies 

Colobomas, heart defects, atresia of choanae, 

retarded growth and development, genital 

anomalies, ear anomalies 

Short stature, microcephaly, eye anomalies, 

radial ray defects in upper limbs, 

pancytopenia, brownish pigmentation of skin 

cardiac, Gl and CNS anomalies 

Microcephaly, limb malformations, esophageal 

and duodenal atresias, hypoplastic thumbs, 

syndactyly, cardiac and renal malformations 

IUGR, short limb, sparse hair, irregular sclerotic 

metaphysic on x-rays, immunodeficiency 

Hypertelorism, hypospadias, cleft lip with 

or without cleft palate, micrognathia, 

cryptorchidism, bifid scrotum, agenesis 

of corpus callosum, cardiac defects 

IUGR, low-set malformed ears, clenched hand, 

heart defects, rocker bottom feet, microcephaly, 

genital anomalies 

Hypotonia, brachycephaly, Brushfield spots in iris, 

short metacarpal and phalanges, simian 

creases, cardiac defects, loose skin folds, 

hyperlaxity of joints, flat facial profile with 

upslanting palpebral fissures and inner 

epicanthal folds 

Vertebral, anal, cardiac, tracheal, esophageal, 

renal and fimb anomalies, single umbilical 

artery, spinal dysraphia, genital abnormalities 

Aortic arch anomalies, cleft palate, micrognathia, 
ear anomalies, narrow palpebral fissures, 

thymic hypoplasia, hypoparathyroidism 

velopharyngeal insufficiency, diaphragmatic 
hernia 

Lateral displacement of medial canthi, deafness, 

partial albinism, VSD, neural tube defects, 

supernumerary vertebrae and ribs, upper limb 
defects 

Autosomal dominant 

Unknown 

Autosomal recessive 

Autosomal dominant 

Autosomal recessive 

X-linked and 

autosomal dominant 

Trisomy 

Trisomy 

Unknown, more 

frequently reported 

in infants of diabetic 

mothers 

Single gene disorder 

22q11 deletion 

Autosomal dominant 

VSD, veniricular septal defect; IUGR; intrauterine growth retardation. 
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A detailed family history and physical examina- 
tion should be completed. Cardiac echo, renal 
ultrasound, skeletal survey, and chromosomal 
analysis should be done in all infants. 

The frequency of a VACTERL phenotype in 
patients with Fanconi anemia is estimated to be 
at about 5-10%. Limb, gastrointestinal, and tra- 

cheoesophageal abnormalities are found at a 

higher frequency and vertebral, cardiac, and 

renal abnormalities are found at a lower fre- 

quency in patients with VACTERL association 

with Fanconi anemia compared to patients with 

sporadic VACTERL alone.” Fanconi anemia, a 

complex recessive disorder, is associated with 

bone marrow failure, and predisposition to ma- 

lignancies in addition to diverse congenital 

anomalies. Since the early diagnosis of Fanconi 

anemia is important for genetic counseling and 

early therapeutic interventions in affected fami- 

lies, it is proposed that chromosomal breakage 

studies for the diagnosis of Fanconi anemia 

should be performed in all patients with VAC- 

TERL association if clinical examination reveals 

skin pigmentation abnormalities, growth retar- 

dation, microcephaly, or dysmorphism.” The 

chromosomal breakage studies for the diagnosis 

of Fanconi anemia should also be performed in 

all patients with VACTERL association with hy- 

drocephaly (VACTERL-H).” 

> MANAGEMENT AND PROGNOSIS 

Preoperative management includes measures 

to prevent aspiration, treatment of pneumonitis 

and prematurity, if present, and close attention to 

fluid and nutrition management. Healthy infants 

without pulmonary complications and other major 

anomalies can undergo primary repair, division of 

fistula and anastomosis of esophagus, with survival 

rates approaching 100%. The remaining infants 

are treated with parenteral nutrition, gastrostomy, 

and upper pouch suction until they are appro- 

priate surgical candidates. The survival rate in 

this group is lower and can range from 25% to 

60% depending on their risk factors. "” 

Long-term complications include esophageal 

stricture (20-40%), dysmotility and dysphagia 

(50-70%), gastroesophageal reflux (40-70%), 

tracheomalacia (10-20%), recurrent tracheoe- 

sophageal fistula (3-14%) and rarely Barrett’s 

esophagus and adenocarcinoma of esophagus. 

> GENETIC COUNSELING 

Parents with one affected child have a <1% chance 

of having EA/TEF in subsequent pregnancies, the 

risk of other VACTERL malformations in subse- 
quent pregnancies is approximately 0.5—2%. Risk 

of EA/TEF is about 2-4% if a parent has a history 
of EA/TEF."? 
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CHAPTER 34 

Duodenal Atresia 
PRAVEEN KUMAR 

> INTRODUCTION 

Duodenal atresia, complete occlusion of the 

duodenal lumen, is a frequent cause of con- 

genital intestinal obstruction. Duodenal atresia 

can be classified into the following three types 

as described by Gray and Skandalakis: (1) type I 

defects are most common and represent a mu- 

cosal web with normal muscular wall; (2) type II 

defects represent a short fibrous cord connect- 

ing the two atretic ends of the duodenum; and 

(3) type III defects are least common and rep- 

resent complete separation of atretic ends with 

no connecting tissue. 

> EPIDEMIOLOGY/ETIOLOGY 

Duodenal atresia is reported to occur in 1 per 

5000-10,000 live births. Nearly 50% of all in- 

testinal atresias occur in the duodenum.’ Poly- 

hydramnios and prematurity are present in 

nearly half of all cases. Initial studies had re- 

ported a male preponderance which has not 

been confirmed by more recent studies.’* Large 

epidemiological studies have not reported any 

significant changes in its incidence over the last 

several decades, but observed higher incidence 

with multiple births.7*° 
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> EMBRYOLOGY 

The development of the duodenum begins in the 

early fourth week from the caudal part of the 

foregut, proximal part of the midgut, and the sur- 

rounding splanchnic mesenchyme. The foregut 

and midgut junction is just distal to the origin of 

common bile duct and is a frequent site for atre- 

sia. During the fifth and sixth weeks of gestation, 

there is exuberant growth of the intestinal ep- 

ithelial lining which completely blocks the small 

lumen of the developing gut. Subsequent de- 

generation of these cells and recanalization of the 

lumen is complete by the end of the eighth to 

tenth week of gestation and an interruption of this 

process can lead to loss of lumen in that area. Ex- 

cessive epithelial formation versus failure of re- 

canalization as a cause of atresia remains an issue 

of debate. Another mechanism proposed is vascu- 

lar infarction followed by atrophy of the affected 

segment in a small number of cases. Observations 

of duodenal stenosis in sonic hedgehog mutant 

mice have suggested that mutations in signaling 

pathways may play a role in the development of 

duodenal atresia.° Recently, fibroblast growth 

factor 10 is reported to serve as a regulator in 

normal duodenal growth and development and 

its deletion has been implicated in the patho- 

genesis of duodenal atresia.’ 
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> CLINICAL PRESENTATION 

Most cases of duodenal atresia are being diag- 

nosed on prenatal ultrasound and are suggested 

by the presence of a dilated stomach and duo- 

denal bulb with or without polyhydramnios. An 

infant without a prenatal diagnosis usually pre- 

sents shortly after birth with bilious emesis after 

feeding and epigastric fullness. Nearly half of all 

infants with duodenal atresia will pass meco- 

nium initially which should not be taken as a 

sign to exclude intestinal obstruction. A classic 

“double bubble” sign due to air within the stom- 

ach and the proximal duodenum, with no gas in 

distal bowel on a plain noncontrast abdominal 

radiograph is pathognomonic of this diagnosis. 

> ASSOCIATED MALFORMATIONS 

AND SYNDROMES 

Associated malformations are present in nearly 

50% of cases with duodenal atresia, ranging from 

38% to 78%.*? Nearly 10% of all patients have 

three or more other anomalies.” The incidence of 

associated anomalies is higher in infants with 

duodenal atresia compared to the infants with je- 

junoileal and colonic atresias. In nonsyndromic 

cases of duodenal atresia, other anomalies of the 

gastrointestinal tract and cardiovascular system 

are most common. Table 34-1 summarizes vari- 

ous malformations commonly seen in infants with 

duodenal atresia. In addition to these, structural 

malformations of genitourinary system and mus- 

culoskeletal system have been reported in about 

5-15% of the cases and central nervous system 

abnormalities in less than 3% of all infants with 

duodenal atresia. 

Table 34-2 summarizes the syndromes fre- 

quently associated with duodenal atresia. The 

most common associated syndrome is trisomy 

21 as nearly 30% of all infants with duodenal 

atresia have trisomy 21 and approximately 10% 

of all fetuses with trisomy 21 have duodenal atre- 

sia. The association with other syndromes is not 

as strong. 

> TABLE 34-1 Congenital Malformations 

Associated with Duodenal Atresia 

Gastrointestinal System 

e Malrotation 

e Annular pancreas 

¢ Esophageal atresia 

e Tracheoesophageal fistula 

° Biliary tract anomalies 

e Imperforate anus 

Cardiovascular System 

¢ Ventricular septal defect 

¢ Atrial septal defect 

¢ Tetralogy of Fallot 

Other 
e Situs inversus 

e Vascular ring 

¢ Subglottic stenosis 

> EVALUATION 

A detailed physical examination should be done 

to look for any signs of associated major or minor 

malformations and to exclude other GI malfor- 

mations such as tracheoesophageal fistula and 

anal anomalies. In view of a nearly 30% incidence 

of Down syndrome in infants with duodenal 

atresia, it is reasonable to obtain a karyotype in 

all infants with duodenal atresia, if not done 

prenatally.'° Some authors also recommend ra- 

diographic evaluation for vertebral anomalies, an 

echocardiogram and a renal ultrasound in all in- 

fants with duodenal atresia.''''* A voiding cys- 

tourethrogram should be performed in infants 

with urinary tract anomalies on ultrasound or an 

associated anorectal anomaly.''!!? In a prospec- 

tive study, 9% of infants with gastrointestinal mal- 

formations were diagnosed to have congenital 

heart defects based on clinical examination alone, 

but 23% of these infants had congenital heart de- 

fects using echocardiography.'* A high index of 

suspicion should be kept and a rectal biopsy to 
exclude Hirschsprung disease has been recom- 
mended in infants with duodenal atresia and 
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> TABLE 34-2 Syndromes Associated with Duodenal Atresia 

Syndrome Other Common Clinical Features Etiology 

Diabetic embryopathy 

Fanconi pancytopenia 

syndrome 

Heart defect, neural tube defects, caudal 

regression syndrome 

Short stature, microcephaly, eye anomalies, 

radial ray defects in upper limbs, 

Maternal diabetes 

Autosomal recessive 

pancytopenia, brownish pigmentation 

of skin, cardiac, Gl and CNS anomalies 
Feingold/ODED 

syndrome 
Microcephaly, limb malformations, esophageal 

and duodenal atresias, hypoplastic thumbs, 
Autosomal dominant 

syndactyly, cardiac and renal malformations 
Hydantoin embryopathy 

cleft lip/palate 
Opitz-Frias syndrome 

Townes-Brocks 

syndrome 

TACRD association 

Growth deficiency, mental retardation, 

Congenital heart defect, dysmorphic features, 

genital abnormalities 

Branchial arch defects, renal anomalies, 

deafness, thumb and other limb anomalies 

Tracheal agenesis, cardiac, renal and 

Sporadic, teratogen 

exposure 

Autosomal dominant 

Autosomal dominant 

Unknown 

duodenal malformations 

Trisomy 21 Mental retardation, congenital heart defects, Trisomy 

characteristic facial features, hypotonia 

Down syndrome.'' A routine cranial ultrasound 

is not necessary in an infant with an isolated duo- 

denal atresia. 

> MANAGEMENT AND PROGNOSIS 

Duodenoduodenostomy remains the treatment 

of choice. For patients with a duodenal web, 

excision and duodenoplasty is performed. 

Ladd’s procedure with appendectomy is done if 

associated malrotation is noted. Early and later 

mortality is significantly increased for infants 

with associated malformations or karyotypic 

anomalies. Overall, survival rates for infants with 

duodenal atresia have gradually improved over 

last two decades and 95% of all infants are dis- 

charged home after a repair. However, late com- 

plications such as gastroesophageal reflux disease, 

duodenal motility disorders, peptic ulcer, adhesive 

bowel obstruction, and stricture can occur in 

nearly 12% of patients. Sixty-eight percent of 

patients with duodenal atresia require additional 

operations and the associated late mortality rate 

has been reported to be about 6%.'° 

> GENETIC COUNSELING 

Most cases of duodenal atresia are sporadic and 

are likely to be of multifactorial inheritance. How- 

ever, the familial occurrence of duodenal atresia 

suggests an autosomal recessive inheritance pat- 

tern in a small number of cases with a recurrence 

risk of up to 25%.'* The recurrence risk for in- 

fants with an identifiable syndrome will depend 

on the inheritance pattern of the specific disorder. 
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Anorectal Malformations 
PRAVEEN KUMAR 

> INTRODUCTION 

Anorectal malformations are among the common 

congenital malformations of the gastrointestinal 

tract and include a spectrum of defects ranging 

from imperforate anal membrane to persistence of 

an undifferentiated cloaca. Most of these defects 

require surgical repair in the early neonatal period 

and are frequently associated with long-term se- 

quelae such as fecal and urinary incontinence and 

sexual dysfunction. The term imperforate anus 

has been used interchangeably to describe these 

malformations in the past. 

Several different classifications of anorectal 
anomalies have been proposed over the years. 

The earliest classification divided these defects 

into high and low depending on the relation- 

ship of the defect to the puborectalis muscle. 

Subsequently, the Wingspread classification has 

been widely used and includes three broad cat- 

egories based upon the level of the termination 

of the anorectum in relation to the levator- 

ani muscle: (1) High anomalies have a terminal 

rectal pouch above the pubococcygeal line and 

usually end in a fistula with prostatic urethra or 

bladder in males, or high in the vagina in females; 

(2) low anomalies have a terminal rectal pouch 

below the lowest quarter of the ossified ischium 

(the “I” point) and terminate in an external fis- 

tula on the perineum or as anal stenosis; and 

(3) intermediate forms have a terminal rectal 
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pouch between pubococcygeal line and the 

I point and terminate in a fistula to the bulbar 

urethra in males, the distal vagina in females or 

as an anal atresia without a fistula. These classi- 

fications have been criticized by some for being 

arbitrary without therapeutic or prognostic sig- 

nificance and propose the classification sum- 

marized in Table 35-1.17 

> EPIDEMIOLOGY/ETIOLOGY 

Anorectal malformations have been reported to 

occur in nearly 3-5 per 10,000 live births.*-° No 

secular trends in their incidence rates have been 

reported. The risk of these malformations is not 

dependent on maternal race/ethnicity, gravid- 

ity, or prenatal care. Conflicting results have 

been reported regarding risk of these anomalies 

by maternal age. Most studies have reported a 

male preponderance among affected infants but 

male to female ratios vary from study to study. 

There is a higher incidence of prematurity, low 

birth weight, and multiple births among infants 

with anorectal malformations. An anorectal mal- 

formation is an isolated birth defect in nearly 

one-third (25-45%) of all infants with this defect. 
Overall, nearly 60% of all anorectal malforma- 

tions are low type but almost 80% of girls and 

50% of boys with anorectal malformations have 

a low defect. Rectocutaneous and rectourethral 

defects are most common among boys and 
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> TABLE 35-1 Classification of Anorectal 

Malformations (Reprinted from Pena A, Hong 

A. Advances in the management of anorectal 

malformations. Am J Surg. Nov 2000; 

180(5):370-6, with permission from Excerpta 

Medica, Inc.) 

Male Defects 

Perineal fistula 

e Rectourethral bulbar fistula 

¢ Rectourethral prostatic fistula 

¢ Rectovesical (bladder-neck) fistula 

¢ Imperforate anus without fistula 

e Rectal atresia and stenosis 

Female Defects 

¢ Perineal fistula 

e Vestibular fistula 

¢ Imperforate anus with no fistula 

e Rectal atresia and stenosis 

¢ Cloaca 

rectovestibular fistula is by far the most com- 

mon defect in females.” 
Genetic predisposition plays a role in some 

infants as there is an increased incidence of con- 

sanguinity and an increased risk of recurrence 

in siblings. In addition, anorectal malformations 

in association with a well recognized syndrome 

may also have an identifiable genetic etiology. 

However, no clear etiology can be identified in 

large majority of infants with isolated anorectal 

malformations. Recently, a higher incidence of 

anorectal malformations after in utero exposure 

to lorazepam and a lower incidence of anorec- 

tal malformations after maternal folic acid sup- 
plementation have been reported but require 

further confirmation.>” 

> EMBRYOLOGY 

Developmentally, the cloaca, the expanded ter- 

minal part of hindgut, is the most complex region 

of the hindgut. Between the sixth and seventh 

weeks of gestation, the cloaca is divided by the 

urorectal septum into the urogenital sinus ven- 

trally and the anorectal portion dorsally. The 

anorectal portion of the cloaca develops into the 

rectum and the superior two-thirds of the anal 

canal; the inferior one-third of the anal canal de- 

velops from the ectoderm of proctodeum. The 

normal development of the urorectal septum 

also divides the cloacal membrane into the uro- 

genital diaphragm anteriorly and the anal mem- 

brane posteriorly. Approximately at the end of 

the eighth week of gestation, the anal membrane 

ruptures creating the anal opening. Most anorec- 

tal anomalies result from abnormal development 

of the urorectal septum and cloacal membrane. 

> CLINICAL PRESENTATION 

Most infants are diagnosed at or soon after birth 

when no anal opening is noted on physical ex- 

amination or because of failure to pass meconium. 

Abdominal distension and emesis are late find- 

ings in these infants, but can dominate the clini- 

cal presentation in infants with delayed or missed 

diagnosis. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Associated malformations are present in 50-70% 

of infants with anorectal malformations’®™ and 
emphasize the need for a thorough evaluation 

because these coexisting anomalies account for 

significant morbidity and mortality in these in- 

fants. The genitourinary and musculoskeletal 

anomalies are most frequent. Table 35-2 summa- 

rizes commonly reported associated malforma- 

tions in these infants. The more common urinary 

anomalies in these infants are hydronephrosis 

and vesicoureteral reflux. Varying degree of sacral 
abnormalities are most common skeletal malfor- 
mations and presence of a sacral abnormality sig- 
nificantly increases the chances of an associated 
genitourinary malformation. Boys with anorectal 
malformations are much more likely to have gen- 
itourinary anomalies. '* 
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> TABLE 35-2 Commonly Observed 

Congenital Anomalies in Infants with 

Anorectal Malformations 

System Incidence 

40-60% Genitourinary 
¢ Renal agenesis 

¢ Ectopic kidney 

* Hydronephrosis 

¢ Vesicoureter reflux 

¢ Cryptorchidism 

¢ Hypospadiasis 

¢ Ambiguous genitalia 

e Neurogenic bladder 

Musculoskeletal 30-50% 

e Vertebral anomalies 

* Congenital hip dysplasia 

¢ Polydactyly 

Cardiovascular 15-30% 

¢ Ventricular septal defect 

¢ Tetralogy of Fallot 

e Atrial septal defect 

Gastrointestinal 10-25% 

¢ Esophageal atresia/ 

tracheoesophageal 

fistula 

¢ Duodenal atresia 

¢ Omphalocele 

¢ Hirschsprung disease 

Central Nervous System 10-15% 

e Meningomyelocele 

e Tethered cord 

Respiratory 5-10% 
« Pulmonary hypoplasia 

¢ Diaphragmatic hernia 

Others 

¢ Cleft palate 

e Choanal atresia 

Associated malformations are nearly twice as 

common in infants with high and intermediate 

type defects when compared to infants with a 

low anorectal malformation.”'? An infant with an 

anorectal malformation and an additional anomaly 

is 13 times more likely to have a high lesion than 

a patient with an isolated anorectal malforma- 

tion. Recent reports of magnetic resonance imag- 

ing (MRI) evaluation of the spine in these infants 

indicate that nearly one-third of all infants with 

anorectal malformations have occult myelodys- 

plasia and tethered cord and there is no correla- 

tion between these findings and the level of 

anorectal malformation, the gender of the infant 

or the coexistence of a sacral anomaly.'*!° 

Anorectal malformations are frequently seen 

in association with other syndromes, chromoso- 

mal anomalies, and sequences. As summarized 

in Table 35-3, nearly one-fourth of all infants 

with anorectal malformations have an identifi- 

able pattern of several congenital malformations 

and nearly half of these or 10-20% of all infants 

with anorectal malformations have the VACTERL 

(Vertebral-Anal-Cardiac-Tracheo-Esophageal 

fistula-Renal-Limb anomalies) association. Some 
authors have reported the incidence of VACTERL 

association to be as high as 45% among infants 

with anorectal malformations.'’ Infants with 

anorectal malformations as part of VACTERL as- 

sociation are more likely to have a high defect 

and anal atresia with no fistula. 

> TABLE 35-3 Anorectal Malformations and 

Incidence of Other Anomalies (Based on 

data from EUROCAT working group, 

Cuschieri A. Descriptive epidemiology of 

isolated anal anomalies: a survey of 

4.6 million births in Europe. Am J Med Genet. 

Oct 15, 2001;103(3):207-15.) 

Isolated 36% 

With other anomalies 64% 

Chromosomal 7% 

abnormalities 

Syndromes 2% 

Sequences 6% 

Associations 10% 

Multiple congenital 39% 
anomalies with no 

identifiable pattern 

Total 100% 
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The most commonly reported chromosomal 

abnormality in infants with anorectal malforma- 

tions is trisomy 21. The incidence of anorectal 

malformations in infants with Down syndrome 

is reported to range from 0.36% to 2.7%. Con- 

versely, 2-5% of all infants with anorectal mal- 

formations have Down syndrome.”!° Although 

anal atresia without fistula occurs in 5% of all in- 

fants with anorectal malformations, this defect 

is seen in 95% of all Down syndrome patients 

with anorectal malformations. Cardiovascular 

defects are nearly five times more common 

among infants with anorectal malformations and 

Down syndrome compared to infants with 

anorectal malformations without Down syn- 

drome. Nearly half of all infants with anal atre- 

sia without fistula have Down syndrome and the 

other half are likely to be associated with other 

syndromes. Common syndromes frequently as- 

sociated with anorectal malformations are sum- 

marized in Table 35-4. ‘ 

> EVALUATION 

Postnatal, preoperative evaluation of these in- 

fants has two important goals: (1) assessment for 

the presence of associated congenital malforma- 

tions and assignment of a syndrome, if present; 

(2) assessment for the type of anorectal malfor- 

mation to decide the timing of a surgical proce- 

dure most appropriate for the defect. 

A careful examination of perineum is ex- 

tremely important and may provide clues to the 

type of defect. The presence of meconium on the 

perineum indicates the presence of a perineal 

fistula from a low or intermediate defect and 

rules out a high defect. However, it is important 

to remember that it may take up to 24 hours for 

the intraluminal pressure of the bowel to in- 

crease enough to force the meconium through 

the fistula. Presence of meconium in urine indi- 

cates the presence of a fistula between rectum 

and urinary tract, and suggests an intermediate or 

high defect. A smooth “rocker bottom” perineum 

with shallow or absent gluteal cleft and faint or 

absent anal pit is usually associated with a high 

defect and implies a poor prognosis. Female in- 

fants with a cloacal defect have a single perineal 

opening. Sacral defects are common and may be 

diagnosed on examination. A detailed systemic 

examination for other associated anomalies and 

careful examination of external genitalia are also 

very important. A nasogastric or orogastric tube 

should be passed to exclude tracheoesophageal 

fistula/esophageal atresia. 

In addition, all infants with anorectal mal- 

formations should have the following studies to 

exclude associated malformations: 

. Echocardiogram 

. Abdominal ultrasound 

. Radiographs for vertebral anomalies 

. Radiographs for other skeletal anomalies, if 

suspected on clinical examination 

. Ultrasound or MRI of spine 

. Voiding cystourethrogram 

HO DR 

ON UNV 

Karyotype evaluation should be considered 

in infants with anorectal malformations with as- 

sociated congenital anomalies and urodynamics 

studies should be done for infants with associ- 

ated genitourinary abnormalities. 

> MANAGEMENT AND PROGNOSIS 

Surgical correction of anorectal malformations 

is the mainstay of treatment. The choice of sur- 

gical procedure depends on the type of anorec- 

tal malformation. Anoplasty is the procedure of 

choice for infants with anal membrane and per- 

ineal fistulae. In male infants with other low de- 

fects and no associated anomalies and in female 

infants with vestibular fistula, primary repair by 

posterior sagittal anorectoplasty (PSARP) with 

or without colostomy is preferred. For all other 
defects, colostomy is indicated and main repair 
is deferred till 4-8 weeks or later. Careful atten- 
tion to detection and treatment of associated 
genitourinary abnormalities is extremely impor- 
tant for good outcome. 
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> TABLE 35-4 Syndromes Associated with Anorectal Malformations 
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Syndrome Other Common Clinical Features Etiology 

Caudal regression 
syndrome 

CDAGS 

Johanson-Blizzard 

syndrome 

Opitz syndrome 

OEIS complex 

Pallister-Hall 

syndrome 

Trisomy 13 

Trisomy 18 

Trisomy 21 

Townes-Brocks 

syndrome 

Urorectal septum 

malformation 

sequence 

VACTERL 

association 

Velocardiofacial 

syndrome 

Incomplete development of sacrum, flattening of 

buttocks, disruption of distal spinal cord, poor 

growth and skeletal deformities of lower 

extremities 

Craniosynostosis and clavicular hypoplasia; 

delayed closure of the fontanel, cranial defects, 

deafness; anal anomalies including anterior 

placement of the anus and imperforate anus; 

genitourinary malformations; skin eruption 

IUGR, microcephaly, deafness, midline scalp 

defect, hypoplastic alae nasi, nasolacrimal duct 

cutaneous fistulae, hypothyroidism, hypogonadism, 

cardiac defect, situs inversus 

Hypertelorism, hypospadias, cleft lip with or without 

cleft palate, micrognathia, cryptorchidism, bifid 

scrotum, agenesis of corpus callosum, cardiac 

defects 

Omphalocele, exstrophy of bladder, imperforate anus, 

spinal defects 

IUGR, hypothalamic hamartoblastoma, ear anomalies, 

laryngeal cleft, lung agenesis, syndactyly, 

polydactyly, anal anomalies, heart defects 

Holoprosencephaly, microphthalmia, cyclopia, 

microcephaly, cleft lip and palate, heart defects, 

IUGR, genital abnormalities 

IUGR, low-set malformed ears, clenched hand, 

heart defects, rocker bottom feet, microcephaly, 

genital anomalies 

Hypotonia, brachycephaly, Brushfield spots in iris, 

short metacarpal and phalanges, simian creases, 

cardiac defects, loose skin folds, hyperlaxity 

of joints, flat facial profile with upslanting palpebral 

fissures and inner epicanthal folds 

Ear anomalies, thumb anomalies, and other limb 

malformations, microcephaly, cardiac defects, 

duodenal atresia, syndactyly 

Ambiguous genitalia, imperforate anus, rectal fistulas, 

miullerian duct defects 

Vertebral, anal, cardiac, tracheal, esophageal, 

renal and /imb anomalies, single umbilical artery, 

spinal dysraphia, genital abnormalities 

Aortic arch anomalies, cleft palate, micrognathia, 

ear anomalies, narrow palpebral fissures, 

thymic hypoplasia, hypoparathyroidism, 

velopharyngeal insufficiency, diaphragmatic hernia 

Unknown, more common 

in infants of diabetic 

mothers 

Autosomal recessive 

Autosomal recessive 

X-linked and autosomal 

dominant 

Unknown 

Autosomal dominant 

Trisomy 

Trisomy 

Trisomy 

Autosomal dominant 

Unknown 

Unknown, more common 

in infants of diabetic 

mothers 

Single gene disorder, 

de novo mutation 

IUGR, intrauterine growth retardation. 
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The long-term outcome of these infants de- 

pends on the type of defect, presence, or absence 

of associated malformations and syndromes. In 

cases uncomplicated by associated anomalies, 

survival approaches 100%. Overall 75% of all pa- 

tients have voluntary bowel movements but only 

half of these are totally continent. Constipation 

is the most common sequelae. Urinary inconti- 

nence is rare in male patients but relatively com- 
mon in female patients after the repair of cloaca. 

Patients with high defects have a higher likeli- 

hood of long-term sequelae. The presence of a 

sacral anomaly is a strong predicator of bowel 

and urinary incontinence. 

> GENETIC COUNSELING 

If the diagnosis of a specific chromosomal ab- 

normality or malformation syndrome is estab- 

lished, recurrence risk should be assessed based 

on the underlying diagnosis. The recurrence 

risk for first-degree relatives of a proband with 

an isolated anorectal malformation is estimated 

to be in the range of 24%. First-degree relatives 

of probands also have more than twice the 

prevalence of other congenital malformations 

than controls.'7 
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CHAPTER 36 

Aschsprung Disease 
PRAVEEN KUMAR 

> INTRODUCTION 

Hirschsprung disease (Congenital intestinal agan- 

glionosis, HSCR) is a genetically determined, sur- 

gically correctable, neonatal intestinal obstruction 

syndrome which was first described by Harald 

Hirschsprung in 1888. It is caused by abnormal 

innervation of the bowel, extending proximally 

from the internal anal sphincter to involve a vari- 

able length of gut. Hirschsprung disease has tra- 

ditionally been divided into two types: a more 

common short segment disease (S-HSCR, also 

called type I HSCR) in which the aganglionic seg- 

ment is restricted to the portion of the colon be- 

low the splenic flexure; and a less common long 

segment disease (L-HSCR, or type II HSCR) which 

affects a portion of intestine including and ex- 
tending beyond the splenic flexure. 

> EPIDEMIOLOGY/ETIOLOGY 

Hirschsprung disease is the most common cause 

of lower intestinal obstruction in neonates and 

has an overall incidence of 1 in 5000 live births. 

However, the incidence varies among different 

ethnic groups. The California Birth Defects Moni- 

toring Program reported an incidence of 1.0/10,000 

live births in Hispanics, 1.5/10,000 live births in 

whites, 2.1/10,000 live births in African Ameri- 

cans, and 2.8/10,000 live births in Asians.’ The 
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male:female ratio is 4:1 for short segment disease 

and approaches 1:1 as the length of involved 

segment increases to total colonic aganglionosis 

(TCA). S-HSCR is far more frequent than L-HSCR 

(80% versus 20%). Overall, a family history of 

HSCR is present in 7-10% of cases but as many 

as 21% of patients with TCA have a positive fam- 
ily history. 

Hirschsprung disease was initially thought 

to be a sex-modified multifactorial disorder. 
Early genetic studies of the familial cases of non- 

syndromic Hirschsprung disease suggested a 

multigenic model to explain the usually non- 

mendelian inheritance pattern. However, great 

progress has been made in understanding the 

molecular genetics of Hirschsprung disease in 

recent years.’ So far, mutations in nine partially 

interdependent genes have been shown to be as- 

sociated with Hirschsprung disease (Table 36-1). 
These genes are associated with three different 

signaling pathways: (1) the RET receptor tyrosine 

kinase pathway; (2) the endothelin type B re- 

ceptor pathway; and (3) the SOX 10 mediated 

transcription pathway. Some of the same RET mu- 

tations that cause Hirschsprung disease also cause 

multiple endocrine neoplasia, type 2A (MEN2A). 

Segregation analyses suggest an oligogenic mode 

of inheritance with little or no effect of environ- 

mental factors. Most identified gene mutations 

associated with Hirschsprung disease are best 

thought of as susceptibility genes which means 
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that the mutation increases the risk of having the 
disease, but is not predictive of the abnormality. 

> EMBRYOLOGY 

Hirschsprung disease is characterized by the ab- 

sence of ganglion cells in the myenteric and 

submucosal plexuses in the bowel wall, ex- 

tending proximally and continuously for a vari- 

able distance from the internal anal sphincter. 

This embryonic disorder of the enteric nervous 

system (ENS) arises from a disruption of cranio- 

caudal migration, differentiation and maturation 

of neuroblasts from the neural crest (NC), a 

group of cells that detach from the neuroep- 

ithelium of the folding neural tube and migrate 

in the embryo to various organs. Normally these 

cells reach the small intestine by the 7th week 

of gestation and the rectum by the 12th week. 

The cells of the neural crest are pluripotent and 

differentiate into numerous cell types. These in- 

clude cells of the adrenal medulla, neurons, and 

glia of the autonomic nervous system including 

the ENS, melanocytes, and neuroendocrine 

cells. Therefore, the disorders of the neural crest 

can have wide ranging manifestations. The term 

neurocristopathy is used to describe a group of 

diverse disorders resulting from defective growth, 

differentiation, and migration of the NC cells. 

Hirschsprung disease is, therefore, considered a 

neurocristopathy. 

> CLINICAL PRESENTATION 

The cardinal symptom of Hirschsprung disease 

in a newborn infant is failure or delay in pass- 

ing meconium. Ninety-nine percent of healthy 

term infants pass meconium within 48 hours of 

birth and failure to pass meconium by that time 

in an otherwise normal term infant is highly sug- 

gestive of Hirchsprung disease. However, the 

onset and severity of symptoms are variable. 

While some infants will present with complete 
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intestinal obstruction at birth, others will pre- 

sent later with chronic constipation and failure 

to thrive. Infants with delayed diagnosis can pre- 

sent with complications such as enterocolitis, uri- 

nary tract infection, and urosepsis. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Hirschsprung disease occurs as an isolated trait in 

70% of cases (nonsyndromic HSCR). The remaining 

30% of infants with Hirschsprung disease have 

associated congenital abnormalities (syndromic 

HSCR). A chromosomal abnormality is associated 

with this disorder in about 12% of cases and con- 

genital abnormalities with no apparent chromo- 

some abnormalities are present in about 18% of 

infants with Hirschsprung disease.*? Trisomy 21 

is the most commonly associated chromosome 

abnormality and is found in about 10% of patients 

with HSCR and accounts for >90% of all chromo- 

somal abnormalities in these infants (Fig. 36-1). 

The number of males affected (5.5-10.5 male: 

1 female) and the percentage of S-HSCR (85%) is 

even greater in Hirschsprung disease infants with 

trisomy 21 compared to overall Hirschsprung 

disease infants. Even after excluding infants with 

trisomy 21, cardiac, central nervous system (CNS), 

genitourinary, and other gastrointestinal anom- 

alies are commonly reported in patients with 

Hirschsprung disease (Table 36-2).'%* Other 

anomalies occurring at a frequency above that 

expected by chance include polydactyly, distal 

limb hypoplasia, cleft palate, and other craniofa- 

cial anomalies. Sensorineural hearing loss and per- 

sistent autonomic dysfunction have been reported 

in a significant number of infants with apparently 

isolated Hirschsprung disease. »° 

Hirschsprung disease patients with other asso- 

ciated congenital anomalies belong to one of the 

following three categories: (1) Neurocristopathy 

syndromes; (2) non-neurocristopathy syndromes, 

and (3) those with other isolated anomalies. This 

distinction is important, as prognosis and genetic 

counseling will vary significantly based on the 



p» Associated Anomalies 

Syndromic HSCR (30%) 

Abnormal (12%) 
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Detailed Physical Exam 

No Associated Anomalies ¢ 

Present | 

Nonsyndromic HSCR 

(70%) 

Karyotype 

Normal (18%) 

{ } 1 
Neurocristopathy Non-Neurocristopathy Isolated HSCR with 

Syndrome Syndrome Associated Anomalies 

Waardenburg Syndrome 

Haddad Syndrome 

MEN2A 

Aarskog Syndrome 

Bardet-Bied!l Syndrome 

Fryns Syndrome 

Pallister Hall Syndrome 
Smith-Lemli-Opitz Syndrome 

Figure 36-1. 

underlying diagnosis, and thus emphasizing the 

importance of a detailed evaluation by a dys- 

morphologist. Table 36-3 summarizes the im- 

portant syndromes frequently associated with 

Hirschsprung disease. 

> EVALUATION 

The diagnosis of Hirschsprung disease is con- 

firmed by barium enema, rectal manometry, and 

rectal biopsy. An equally important goal in addi- 

tion to establishing an early and accurate diag- 

nosis of Hirschsprung disease is the identification 

of associated anomalies and syndromes in order 

to complete an accurate risk assessment and 

family counseling. The guidelines for the evalu- 

ation of associated anomalies and underlying eti- 

ology in these infants are less clear. However, in 

view of significantly high incidence of associated 

Down Syndrome 

Del 10q11 

Del 13q22 

Evaluation algorithm for an infant with Hirschsprung disease. 

malformations it is considered appropriate that 

all infants with Hirschsprung disease should have 

the following workup: (1) detailed family history 

and physical examination; (2) cardiac echo; (3) ab- 

dominal ultrasound; (4) brain computed tomog- 

raphy (CT) or magnetic resonance imaging (MRD); 

and (5) karyotype analysis particularly in pres- 

ence of any additional malformation.’ The pres- 

ence of any of the following features would 

also suggest a higher likelihood of syndromic 

Hirschsprung disease and would indicate a de- 

tailed review and evaluation: (1) a family history 

of Hirschsprung disease, pigmentary abnormali- 

ties, congenital sensorineural deafness, and/or 

endocrine tumors related to MEN2A; (2) L-HSCR or 

total colonic aganglionosis; (3) abnormal hearing 
screen; (4) the presence of any other associated 

congenital malformations. 

It is estimated that as many as 5% of all 

Hirschsprung disease patients with genetic 



> TABLE 36-2 Associated Anomalies in 

Infants with Nonsyndromic Hirschsprung 

Disease 

Cardiovascular System 

¢ Atrial septal defect 

¢ Ventricular septal defect 

¢ Patent ductus arteriosus 

* Tetralogy of Fallot 

2.3-4.8% 

Genitourinary System 

¢ Renal agenesis 

e Renal dysplasia 

¢ Hypospadias 

¢ Uretheral fistulas 

5.6-7.3% 

Gastrointestinal System 3.3-3.9% 

¢ Pyloric stenosis 

¢ Meckel diverticulum 

¢ Small bowel atresia 

* Inguinal hernia 

¢ Malrotation 

¢ Imperforate anus 

Central Nervous System 3.6-3.9% 

¢ Microcephaly 

¢ Dandy-Walker malformation 

¢ Mental retardation 
¢ Sensorineural hearing loss 

mutation involve the cysteine residues on exon 

10 which is known to predispose to the develop- 

ment of MEN2A or FMTC.* In view of these find- 

ings, a recent consensus statement from an inter- 

national group of endocrinologists recommended 

RET exon10 mutation analysis in all children with 

Hirschsprung disease,’ but this recommendation 

is not well accepted and is not the standard of 

care yet. However, a strong consideration should 

be given to genetic workup if there is a family his- 

tory of thyroid, parathyroid, or adrenal cancer. 

> MANAGEMENT AND PROGNOSIS 

The mainstay of treatment is surgical which can 

be done as an either single stage procedure or 
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in two stages depending on the length of the 

aganglionic segment and the clinical condition 

of the patient. The overall prognosis of an infant 

with isolated Hirschsprung disease is very good. 

Most infants achieve fecal continence. Long-term 

problems include incontinence, stricture, recurrent 

enterocolitis, rectal prolapse, perineal abscesses, 

and require close follow-up. The prognosis of an 

infant with the syndromic form of Hirschsprung 

disease depends on the underlying syndrome. 

Infants found to be positive for a genetic muta- 

tion of the RET gene should be followed closely 

for development of MEN2A. 

> GENETIC COUNSELING 

The overall recurrence risk in siblings of an in- 

fant with Hirschsprung disease is about 34% 

which is about 200 times higher than the risk in 

the general population. However, the recur- 

rence risk in a given family depends on the gen- 

der of the proband and the sibling, the length 

of aganglionic segment, the presence of associ- 

ated syndromes, and the underlying genetic mu- 

tation. The recurrence risks for the sibling of a 

patient with Hirschsprung disease are summa- 

rized in Table 36-4. The risk to sibs is high when 

the proband is female (Carter effect). Siblings of 
female probands have a 360 times increased 

risk and siblings of male patients have a 130-fold 

risk of developing Hirschsprung disease. Prenatal 

diagnosis is possible if the genetic mutation 

within the family is known. However, because 

the penetrance of single gene mutations is vari- 

able, the clinical usefulness of genetic testing is 

limited? and its role in counseling Hirschsprung 

disease patients is not yet well-defined but 

could be used in some situations to give more 

accurate estimation of recurrence risks. For 

example, the finding of a RET mutation in a 

male proband with L-HSCR and the exclusion 

of this mutation in the parents may allow low- 

ering of the recurrence risk from 13% to 17% to 

less than 1%,'° 
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> TABLE 36-3 Syndromes Associated with Hirschsprung Disease 

Syndrome Other Common Clinical Features Etiology 

Aarskog syndrome 

Bardet-Biedl syndrome 

Fryns syndrome 

Haddad syndrome 

Metaphyseal dysplasia 

(Cartilage-hair 

hypoplasia syndrome) 

Multiple endocrine 

neoplasia type 2 

Mowat-Wilson syndrome 

Nager syndrome 

Smith-Lemli-Opitz 

syndrome 

Trisomy 21 

(Down syndrome) 

Hypertelorism, anteverted nares, maxillary 

hypoplasia, brachydactyly, simian crease, 

cleinodactyly, broad thumbs and toes, 

“shawl” scrotum, cryptorchidism, vertebral 

anomalies 
Postaxial polydactyly, syndactyly, 

hypogonadism, retinal dystrophy, cystic 

renal disease 

Diaphragmatic defects, distal digital 

hypoplasia, pulmonary hypoplasia, 

Dandy-Walker malformation, agenesis of 

corpus callosum, VSD, cystic renal 

disease 

Congenital central hypoventilation 

(Ondine’s curse), esophageal dysmotility, 

neuroblastoma, profuse sweating 

IUGR, short limb, sparse hair, irregular 

sclerotic metaphysic on xrays, 

immunodeficiency 

Familial medullary thyroid carcinoma 

(FMTC), pheochromocytoma, 

parathyroid hyperplasia 

Dysmorphic features, microcephaly, 

malformations of the brain, seizures, 

congenital heart defects, and urogenital 

anomalies 

Malar hypoplasia, radial limb anomalies, 

micrognathia, ear anomalies, cleft lip, 
hypoplasia of larynx or epiglottis 

Growth retardation, mental deficiency, 

microcephaly, syndactyly, genital 

abnormalities, anteverted nostril 

Hypotonia, brachycephaly, Brushfield 

spots in iris, short metacarpal and 

phalanges, simian creases, cardiac 

defects, loose skin folds, hyperlaxity of 

joints, flat facial profile with upslanting 

palpebral fissures and inner epicanthal 
folds 

X-linked recessive 

Autosomal recessive 

Autosomal recessive 

Autosomal dominant 

Autosomal recessive 

Autosomal dominant 

Sporadic 

Autosomal dominant, 

Autosomal recessive 

in some families 

Autosomal recessive 

Trisomy 

VSD, ventricular septal defect; IUGR, intrauterine growth retardation. 
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> TABLE 36-4 Recurrence Risk (%) of Hirschsprung Disease by Gender and 
Extent of Aganglionosis 

Proband 

Consultand L-HSCR S-HSCR 

Male Female Male Female 

Sib of affected male 11 8 4 1 

Sib of affected female 23 18 6 2 

Offspring of affected male 18 13 ~0 ~0 
Offspring of affected female 28 22 ~0 ~0 

Modified from table in The Metabolic and Molecular Bases of Inherited Diseases.’ 
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CHAPTER 37 

Omphatocele 
PRAVEEN KUMAR 

> INTRODUCTION 

Omphalocele is characterized by a congenital 

defect of the anterior abdominal wall resulting 

from failure of infolding of the body wall. As a 

result, abdominal viscera herniate into a sac at 

the base of the umbilical cord and are covered 

by amnio-peritoneal membrane. The umbilical 

cord is attached at the apex of the sac. Abdomi- 

nal muscles, fascia, and skin are absent. In a small 

defect, <4 cm in diameter, the sac usually con- 

tains only intestine but in a large defect, >4 cm 

in diameter, liver, and other organs can also her- 

niate into the sac. Normal midgut rotation does 

not take place, so all infants with omphalocele 

also have associated malrotation of intestine but 

both intestines and liver remain morphologically 

and functionally normal.’ 

> EPIDEMIOLOGY/ETIOLOGY 

The incidence of omphalocele has been reported 

to range from 1 in 4000 to 10,000 live births but 

increases to 1 in 3000-4000 if abortions and still- 

births are included.** Based on a follow-up study, 

nearly 50% of fetuses with isolated omphalocele 

at 12 weeks gestation had complete resolution of 

the defect by 24 weeks and were normal at birth. 

In contrast, only 5% of infants with omphalocele 

associated with other structural malformations 
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had a resolution of abdominal wall defect during 

second trimester.‘ The incidence of omphalocele 

has remained stable over the last decade around 

the world. A higher incidence has been reported 

among mothers over 35 years of age, but race and 

ethnicity have not been found to affect the risk.*? 

The incidences of prematurity and low birth 

weight are higher among infants with omphalo- 

cele than in general population. The incidence of 

omphalocele is reported to be similar for both 

genders in most large epidemiologic studies.” 

Nearly one-third of all infants with omphalo- 

cele have an associated syndrome with or without 

a definitive genetic basis. Familial recurrences 

have been reported and both autosomal domi- 

nant and recessive modes of inheritance have 

been suggested. No clear etiological factors have 

been identified in remaining infants. No terato- 

gens have been implicated in its etiology so far.?? 

> EMBRYOLOGY 

During normal development, the anterior ab- 

dominal wall is formed by fusion of two lateral, 

one caudal, and one cephalic abdominal folds. 

The failure of these folds to fuse results in an om- 

phalocele and is associated with failure of the 

midgut to return to the abdominal cavity. How- 

ever, it is unclear if the failure of the midgut to re- 

turn to the abdominal cavity prevents the fusion 
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of abdominal folds or if the lack of fusion of ab- 

dominal folds leads to herniation of intestine and 

abdominal viscera. A predominant disorder of 

cephalic fold leads to associated defects of the 

sternum, diaphragm, pericardium, and heart as 

seen in pentalogy of Cantrell. Similarly, a pre- 

dominantly abnormal development of caudal fold 

would lead to associated cloacal and bladder 

exstrophy. 

> CLINICAL PRESENTATION 

Most cases of omphalocele are being diagnosed 

on prenatal ultrasound and appear as a round 

mass in the midline with the umbilical vessels in- 

serting into the mass. In an infant without a pre- 

natal diagnosis, omphalocele is easily diagnosed 

at birth by a congenital defect of the anterior 

abdominal wall with absent abdominal muscles, 

fascia, and skin. As a result, abdominal viscera 

herniate into a sac at the base of the umbilical 

cord and are covered by a membrane. The um- 

bilical vessels are on the surface of the sac and 

umbilical cord is attached at the apex of the sac 

Wig, 97-1). 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Associated congenital malformations are fre- 

quently seen in infants with omphalocele and 

their incidence varies widely from 40% to 90% 

in different reports. A higher incidence has been 

reported in studies which included abortions 

and stillbirths. A defect is considered isolated if 
no other congenital malformations are noted 

Figure 37-1. An infant with omphalocele with umbilical cord attached at the apex of the sac. 
(Used with permission from Drs. Marleta Reynolds and Anthony Chin, Department of Pediatric Surgery, 
Children’s Memorial Hospital, Chicago, IL) 



> TABLE 37-1 Common Congenital 
Malformations in Infants with Omphalocele 
and a Normal Karyotype 

Central nervous system 
¢ Spinal defects 

¢ Anencephaly 

¢ Craniosynostosis 

Cardiovascular system 

¢ Ventricular septal defect 

¢ Atrial septal defect 

¢ Tetralogy of Fallot 

¢ Coarctation of aorta 

¢ Persistent pulmonary hypertension of 
newborn 

Genitourinary system 

e Renal agenesis 

¢ Hypospadias 

Others 

¢ Skeletal dysplasia 

e Arthrogryposis 

¢ Diaphragmatic hernia 

* Cystic hygroma 

except those directly related to the defect such as 

malrotation of the gut, pulmonary hypoplasia. As- 

sociated chromosomal abnormalities are rare in 

infants with isolated omphalocele but nearly 

half of all omphalocele infants with other struc- 

tural anomalies have an associated chromoso- 

mal abnormality.”° The commonly associated 

structural anomalies in omphalocele infants with 

a normal karyotype are listed in Table 37-1. The 

likelihood of associated malformations is higher 

in infants with a larger omphalocele. 

According to the Online Mendelian Inheri- 

tance in Man (OMIM) database, >50 syndromes 

have been described in association with om- 

phalocele. Chromosomal abnormalities have been 

reported in 20-60% of all liveborn infants with 

omphalocele. The most frequently associated syn- 

dromes are Beckwith-Wiedemann syndrome and 

trisomy 13 and 18. The other commonly associ- 

ated syndromes are listed in Table 37-2. Associ- 

ated chromosomal abnormalities are more likely 

in infants with small omphalocele with intra- 

corporeal liver." 
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> EVALUATION 

Prenatal diagnosis of omphalocele is easy and 

fairly common. Maternal serum alpha-fetoprotein 

(MSAFP) level is elevated in majority of fetuses 

with omphalocele and nearly all infants can be di- 

agnosed on prenatal ultrasound. However, it is 

important to remember that the late first trimester 

ultrasound can result in an erroneous diagnosis of 

abdominal wall defects because of normal physi- 

ologic herniation of bowel into the base of the 

umbilical cord. Amniocentesis for karyotype, pre- 

natal echocardiography, and detailed ultrasonog- 

raphy evaluation for associated malformations 

should be offered as soon as possible after a pre- 
natal diagnosis of omphalocele is made. All in- 

fants should undergo echocardiography after birth 

to exclude any congenital cardiac abnormalities 

and karyotype should be obtained if not done 

prenatally. The need for a cranial or a renal ultra- 

sound is less clear in the absence of any associ- 

ated malformations on clinical exam and cardiac 

echo. Infants with Beckwith-Wiedemann syn- 

drome should be monitored for ongoing episodes 

of hypoglycemia and should have kayotype and 

methylation testing of chromosome 11p15. 

> MANAGEMENT AND PROGNOSIS 

In several studies and meta-analyses, the mode of 

delivery has not been shown to affect either sur- 

vival or morbidity in these infants.’ All infants with 

omphalocele should be carefully examined after 

birth for the presence of associated anomalies and 

clues to associated syndromes such as Beckwith- 

Wiedemann syndrome. Serum blood sugar should 

be monitored closely to exclude hypoglycemia 

which is commonly seen in infants with Beckwith- 

Wiedemann syndrome. These infants should also 

be monitored closely after birth for signs of pul- 

monary insufficiency and persistent pulmonary 

hypertension of newborn. Primary repair and clo- 

sure of abdominal wall defect is the procedure of 

choice but placement of silo and sequential reduc- 

tions are offered to infants with larger defects in 

whom primary repair can compromise pulmonary 
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> TABLE 37-2 Syndromes Associated with Omphalocele 

Syndrome Other Common Clinical Features 

Beckwith-Wiedemann 

syndrome (BWS) 

Carpenter syndrome 

CHARGE association 

Cloacal exstrophy 

sequence 

Fibrochondrogenesis 

Fryns syndrome 

Meckel-Gruber 

syndrome 

OEIS complex 

Pentalogy of cantrell 

Trisomy 13 

Trisomy 18 

Trisomy 21 

Triploidy syndrome 

Macroglossia, linear fissure in ear lobule, 

visceromegaly, neonatal hypoglycemia, 

hemihypertrophy, cryptorchidism 

Brachycephaly, hypoplastic maxilla/mandible, 

corneal opacity, syndactyly, camptodactyly, 

cardiac defects, cryptorchidism, postaxial 

polydactyly 

Colobomas, heart defects, atresia of choanae, 

retarded growth and development, genital 

anomalies, ear anomalies 

Persistence of cloaca, omphalocele, hydromyelia, 

cryptorchidism, pelvic kidneys, multicystic 

kidneys 
Short stature, megalocornea, hypoplastic nose, 

cleft palate, vertebral hypoplasia, rhizomelic 

shortening of limbs, hypoplastic nails 

Diaphragmatic defects, distal digital hypoplasia, 

pulmonary hypoplasia, Dandy-Walker 

malformation, agenesis of corpus callosum, 

VSD 1 
Occipital encephalocele, polydactyly, cleft lip 

and/or palate, microphthalmia, ambiguous 

genitalia, |UGR, microcephaly, cryptorchidism, 

cardiac defects 

Omphalocele, exstrophy of bladder, imperforate 

anus, spinal defects 

Defects in the closing of the supraumbilical 

abdominal wall, in the anterior portion 

of the diaphragm, and in the diaphragmatic 

pericardium; ectopia cordis, and intracardiac 

defects 

Holoprosencephaly, microphthalmia, cyclopia, 

microcephaly, cleft lip and palate, heart defects, 

IUGR, genital abnormalities 

IUGR, low-set malformed ears, clenched hand, 

heart defects, rocker bottom feet, microcephaly, 
genital anomalies 

Hypotonia, brachycephaly, brushfield spots in iris, 

short metacarpal and phalanges, simian creases, 

cardiac defects, loose skin folds, hyperlaxity 

of joints, flat facial profile with upslanting 

palpebral fissures and inner epicanthal folds 

Large placenta with hydatidiform changes, IUGR, 
syndactyly, club feet, cardiac defects, 

hydrocephalus, holoprosencephaly, 

genitourinary anomalies 

Etiology 

Sporadic, BWS gene 

at 11p15.5 

Autosomal recessive 

Autosomal dominant 

Unknown 

Autosomal recessive 

Autosomal recessive 

Autosomal recessive 

Unknown 

Unknown 

Trisomy 

Trisomy 

Trisomy 

69xxy or 46xx/69xxy 

IUGR, intrauterine growth retardation; VSD, ventricular septal defect. 



status, intestinal viability, and compromise venous 

return from lower half of the body. 

The outcome of an infant with omphalocele 

will depend on the size of the defect, presence, 

and severity of associated congenital malforma- 

tions; and presence of chromosomal abnormali- 

ties, if any. A higher incidence of intrauterine 

death has been reported in these pregnancies. 

Nearly 100% survival has been reported in in- 

fants with isolated omphalocele.* The overall 

mortality for all infants with omphalocele is in 

the range of 20-50%.*” A high incidence of short- 
term complications such as gastroesophageal re- 

flux have been reported in survivors but the 

long-term outcome based on limited data ap- 

pears reassuring. A survey of adult age patients 
with neonatal repair of omphalocele concluded 

that average body mass index (BMI), body 

height, and morbidity from acquired disorders is 

similar to morbidity in general population, and 

the majority of these patients had a quality of life 

not different from the general population.’® 

> GENETIC COUNSELING 

The recurrence risk in siblings of an infant with om- 

phalocele with negative family history is low (<1%). 

The sib risk for infant with syndromic form will de- 

pend on the underlying cause and may be as high 

as 50% in Beckwith-Wiedemann syndrome which 

may occur as an autosomal dominant condition. 

10. 
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CHAPTER 38 

Gastroschisis 
PRAVEEN KUMAR 

> INTRODUCTION 

Gastroschisis is a congenital paraumbilical defect 

of the anterior abdominal wall resulting in herni- 

ation of abdominal viscera outside the abdominal 

cavity. The abdominal wall defect is usually a 

small, smooth-edged opening which is almost al- 

ways to the right of the umbilicus. In contrast to 

omphalocele, herniated viscera are not covered 

by a sac and are exposed to amniotic fluid in utero. 

> EPIDEMIOLOGY/ETIOLOGY 

The incidence of gastroschisis is frequently re- 

ported to be in the range of 0.5—1 case per 10,000 

births. However, several reports from different 

parts of the world indicate that the incidence of 

gastroschisis is increasing worldwide over last few 

decades’” and could be as high as 1 in 4000 to 1 
in 2000 births now.* This reported increase may 

reflect either an actual increase in the gastroschisis 

birth rate or more accurate classification of ab- 

dominal wall defects. These studies also indicate 

that women less than age 20 are disproportion- 

ately more likely to have a gastroschisis-affected 

pregnancy.** Race, ethnicity, and infant gender 
have not been associated with increased risk. 

Gastroschisis has no known genetic asso- 

ciation and is likely to be a sporadic congenital 
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malformation in most cases. However, epidemio- 

logic studies have reported a greater risk for low- 

income, undernourished young women.’ Similarly, 

smoking and alcohol use in early pregnancy and 

maternal use of certain vasoactive over-the-counter 
medications such as, pseudoephedrine and phenyl- 

propanolamine have also been associated with an 

increased risk of gastroschisis.2° An association 

with preconception and early gestation exposure 

to aspirin, acetaminophen, oral contraceptives, and 

substance abuse such as cocaine has also been re- 

ported.’ A few cases of familial inheritance have 

been reported recently. 

> EMBRYOLOGY 

The embryologic origins of this malformation re- 

main uncertain. During normal embryogenesis, 

initially the umbilical veins supply the anterior 

abdominal wall until replaced by the om- 

phalomesenteric arteries. Around the seventh 

week of gestation, the right umbilical vein and 

the left omphalomesenteric artery involute and 

the left umbilical vein and the right omphalome- 

senteric artery continue to supply the anterior ab- 
dominal wall. It has been proposed that either 

premature atrophy of the right umbilical vein or 

a vascular accident or disruption of the right om- 

phalomesenteric artery leads to localized damage 
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to the developing abdominal wall, and results 

in a right paraumbilical defect seen in a large 

majority of patients with gastroschisis.* Others 

have proposed that the primary defect is a failure 

of the umbilical coelom to develop normally which 

forces the abdominal contents out of the too small 

peritoneal cavity at the weakest part of the ante- 

rior abdominal wall after resorption of the right 

umbilical vein.” 

> CLINICAL PRESENTATION 

At birth, gastroschisis is characterized by an ab- 

dominal wall defect with free evisceration of ab- 

dominal contents with no covering sac (Fig. 38-1). 

The defect is to the right of the umbilicus in nearly 

95% of cases. The herniated bowel frequently has 

signs of edema and vascular compromise, and 

may be covered with a thick fibrous peel. Nearly 

half of all infants are small for dates and many are 

born premature. Table 38-1 summarizes the im- 

portant differentiating features between omphalo- 

cele and gastroschisis. 

There is no histologic evidence of enteric 

nervous system abnormalities in infants with gas- 

troschisis. The etiology of bowel damage and 

subsequent dysfunction in the immediate post- 

natal period is likely to be related to chemical 

peritonitis caused by exposure of fetal bowel to 

fetal urine in the amniotic fluid and/or bowel is- 

chemia/impaired venous return secondary to 

constriction of blood flow at the abdominal wall 

defect site. This in utero bowel injury can result 

in postnatal problems with absorptive function 

and prolonged hypomotility in some patients.'° 

Figure 38-1. An infant with gastroschisis with intestine in a silo; note free evisceration of abdom- 
inal contents with no covering sac and umbilical cord lying left to the abdominal wall defect. 
(Used with permission from Drs, Marleta Reynolds and Anthony Chin, Department of Pediatric Surgery, 
Children’s Memorial Hospital, Chicago, IL) 
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> TABLE 38-1 Differences between Omphalocele and Gastroschisis 

Omphalocele Gastroschisis 

Incidence 

Change in incidence 

Maternal age 
Stable 

Incidence of aneuploidy 9-25% 

Defect size Variable 

Herniation of liver Common 

Location Umbilicus 

Umbilical cord 

Sac Present 

Bowel appearance Normal 

Bowel atresia Rare 

Associated anomalies 

Associated syndromes Common 

Mortality High 

1 : 4,000 to 1:10,000 

Older (>35 yrs) 

Attached to the sac 

Common (in 75%) 

1: 10,000 to 1 : 20,000 
Increasing 

Younger (<20 yrs) 

0-2% 

Usually small 
Vary rare 

Paraumbilical 

(usually right of umbilicus) 
Normal insertion 

Absent 

Usually edematous, leathery 

Common 

Rare (except for intestinal 

atresia and cryptorchidism) 

Rare 

Low 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Intestinal atresia and other gastrointestinal anom- 

alies such as Meckel’s diverticulum and intestinal 

duplication may be present in as many as 25% of 

patients with gastroschisis. Nearly all infants will 

also have some degree of malrotation of gut. An- 

other associated malformation reported in some 

studies is cryptorchidism which is present in 

nearly 30% of infants with gastroschisis.°! Mal- 

formations of other systems are less common 

and usually minor in infants with gastroschisis. 

Hirschsprung disease, heart defects, arthrogrypo- 

sis, and oromandibular-limb hypogenesis have 

been reported in patients with gastroschisis. 

Unlike omphalocele, gastroschisis is usually an 

isolated malformation and is not known to be a 

part of any reported syndrome. 

> EVALUATION 

Prenatal diagnosis of gastroschisis has become 

routine with the use of ultrasound and maternal 

serum alpha-fetoprotein (MSAFP) screening. The 

median value for MSAFP is reported to be 7-9 

multiples of the median (MOM). MSAFP levels 

are higher in pregnancies with gastroschisis when 

compared to pregnancies with omphalocele. 

Some investigators recommend careful ultrasound 

monitoring of fetuses with gastroschisis to evalu- 

ate the severity of bowel damage based on bowel 

dilatation and mural thickening and to consider an 

early delivery of fetuses with increasing severity of 

bowel damage. Preliminary reports have sug- 

gested some potential benefit from amnioinfusion 

to reduce bowel injury secondary to chemical peri- 

tonitis.’ Since chromosomal abnormalities are rarely 

associated with gastroschisis, routine karyotyping, 

either pre- or postnatal, is not recommended. A 

careful detailed examination for any associated mal- 

formations is important at birth but extensive work- 

up except cardiac echo in an infant with apparent 

“isolated” gastroschisis appears unnecessary. 

> MANAGEMENT AND PROGNOSIS 

Mode of delivery and timing of delivery have 

not been shown to affect outcome conclusively. 

Delivery room management includes careful at- 

tention to fluid resuscitation, avoidance of hy- 

pothermia, and avoidance of injury, ischemia, 

and contamination of herniated viscera. Complete 

reduction of herniated abdominal contents under 
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minimal pressure with closure of the abdominal 

wall defect is the goal of repair and depends pii- 

marily on the size of the abdominal cavity. As- 

sociated bowel atresia and stenosis will require 

identification and repair but may be precluded 

by severe matting of the bowel and peel for- 

mation. Staged closure is performed if an infant 

cannot tolerate primary repair. 

With current advances in neonatal care, 

long-tem survival for gastroschisis has improved 

dramatically over the years to a nearly 90-95% 

survival rate. The size of the abdominal wall de- 

fect and contents of herniated viscera do not af- 

fect the outcome but bowel wall thickening of 

>3 mm and dilatation of bowel in >17 mm at birth 

have been associated with a poor outcome. In- 

testinal atresia and necrosis have also been asso- 

ciated with increased morbidity and mortality.’ 

Infants with gastroschisis often have a prolonged 

ileus and require parenteral nutrition support for 

longer periods compared to infants with om- 

phalocele. The overall long-term outcome is good 

since they have few associated anomalies. Long- 

term complications include short gut syndrome 

and postoperative intraabdominal adhesions. 

> GENETIC COUNSELING 

Recurrence risk in nonfamilial cases is extremely 

low (<1%). An autosomal dominant pattern 

has been suggested in rare cases with familial 
inheritance. 

— 
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Renal Agenesis 
PRAVEEN KUMAR 

> INTRODUCTION 

Renal agenesis is defined as the complete absence 

of renal tissue. Renal agenesis may be unilateral or 

bilateral, isolated or associated with other geni- 

tourinary or external anomalies. Since bilateral 

renal agenesis is incompatible with survival, these 

cases are usually diagnosed at birth but unilateral 

renal agenesis could remain undiagnosed till later 

in life. However, with the widespread use of pre- 

natal ultrasound these anomalies are being identi- 

fied before birth in increasing number of cases. It 

is important to differentiate cases of renal agene- 

sis from renal dysplasia in which the kidney is 

present but malformed and consists of undiffer- 

entiated cells surrounding poorly developed 

ureteric bud derivatives. Several follow-up studies 

have shown that many cases of renal dysplasia 

regress over time and may become undetectable 

on subsequent studies.’ These findings indicate 

that some cases of renal agenesis should fall into 

the category of renal dysplasia. 

> EPIDEMIOLOGY 

Renal agenesis is one of the common congenital 

urinary malformations and unilateral renal age- 

nesis is more common than bilateral renal age- 

nesis. The incidence of bilateral renal agenesis is 

frequently reported to range from 1 in 4000 to 
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1 in 10,000 births and the incidence of unilateral 

renal agenesis is reported to be in the range of 

1 in 1000 to 1 in 5000 births.” The routine ultra- 

sound screening of healthy children suggests 

that the incidence of unilateral renal agenesis is 

about 1 in 1200.* Renal agenesis has been re- 

ported in about 30% of all perinatal autopsies 

with congenital malformations of the urinary 

tract and nearly 25% of all antenatally detected 

structural developmental anomalies of kidney, 

after excluding urinary tract dilatation abnor- 

malities, were renal agenesis.° Parikh et al re- 

ported a combined birth prevalence of renal 

agenesis as 1 per 2900 live births.* However 

they could not differentiate between unilateral 

and bilateral agenesis and it was unlikely that 

all cases of unilateral renal agenesis were iden- 

tified in their population. Based on data from 

three large population based congenital malfor- 

mation registries of infants, Harris et al reported 

prevalence rate of 0.54-1.15 per 10,000 births 

for bilateral renal agenesis and 0.56-0.79 per 
10,000 births for unilateral renal agenesis.” The 

lower incidence of unilateral renal agenesis in 

this report is likely to be secondary to the fact 

that many cases of unilateral renal agenesis are 

not diagnosed at birth. 

Most studies have shown a male preponder- 

ance among patients with both unilateral renal 

agenesis and bilateral renal agenesis and this 

male excess is more pronounced for isolated than 
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associated cases and in cases with bilateral renal 

agenesis.*” No trends of any change in incidence 

over the years have been reported.**° Maternal 

history of insulin-dependent diabetes mellitus, 

black race, and twin gestation have been iden- 

tified as potential risk factors in infants with 

renal agenesis.*”’” 

> EMBRYOLOGY 

The human kidney develops from the metanephric 

diverticulum or ureteric bud and the metanephric 

mesoderm or metanephrogenic blastema. The 

metanephric diverticulum arises from the distal 

part of mesonephric duct and branches multiple 

times to form the ureter, renal pelvis, calyces, 

and collecting tubules. The metanephric meso- 

derm is part of urogenital ridge on each side of 

the primitive aorta and leads to the formation of 

nephrons comprising of a glomerulus, proximal 

convoluted tubule, loop of Henle, and distal con- 

voluted tubules. Normal kidney development re- 

quires close interactions between the metanephric 

diverticulum and metanephric mesoderm. Renal 

development begins at the start of the fifth week 

post conception and embryonic kidneys are pre- 

sent in their adult lumbar location by the end of 

the ninth week. However, nephron formation 

continues in fetal kidneys until 34-36 weeks; 

nephrons continue to elongate and differentiate 

after that but no new nephrons are formed.® Both 

animal studies and human observations have 
shown that the etiology of renal agenesis is mul- 

tifactorial and may include one or the combina- 

tion of any of the following mechanisms: failure 

of formation of metanephric diverticulum; failure 

of metanephric diverticulum to reach metanephric 

mesoderm, and absent or abnormal inductive in- 

fluence of the metanephric diverticulum and 

metanephric mesoderm on one another, 

> CLINICAL PRESENTATION 

With increasing use of prenatal ultrasound, 

more cases of bilateral renal agenesis are being 

identified prenatally as these pregnancies are 

complicated by presence of oligohydramnios 

and intrauterine growth retardation CUGR). In a 

report from Europe, 78% of all cases of bilateral 

renal agenesis had a prenatal diagnosis, the me- 

dian gestational age of diagnosis was 21 weeks 

and pregnancy was terminated in 61% of cases 

with a prenatal diagnosis.” Newborns with bi- 

lateral renal agenesis usually have characteristic 

facial appearance, limb deformities, and associ- 

ated severe pulmonary hypoplasia. These findings 

are considered secondary to severe oligohydram- 

nios as urine production is largely responsible 

for amniotic fluid volume. The typical Potter facies 

of these infants consists of a prominent skin 

crease beneath each eye with a blunted nose 

and depression between lower lip and chin; the 

ears appear low set and are often pressed against 

the side of the head but ear canals are in the 

normal location. The limb deformities include 

bowing of legs, club feet, and excessive flexion 

at the hip and knee joints. These infants usually 

have significant IUGR and have loose, dry skin. 

The cause of death in these infants is usually 

respiratory failure secondary to severe pul- 

monary hypoplasia that accompanies bilateral 

renal agenesis. Air leak syndrome is also noted 

frequently in these infants. 

In contrast, unilateral renal agenesis is usually 

entirely asymptomatic by itself at birth and can go 

undetected till later in life unless diagnosed on 

routine prenatal ultrasound or postnatal ultra- 

sound is done to exclude renal malformation in 

an infant with other associated malformations. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Associated anomalies are frequently seen in in- 

fants with renal agenesis. Considering the embry- 

ologic proximity of miillerian and wolffian ducts, 
it is not surprising that additional genitourinary 
malformations are commonly seen in these in- 
fants. However, malformations of other organ 
systems have also been reported in a significant 



proportion of infants with both bilateral and 
unilateral renal agenesis. Overall associated 
anomalies are seen in about 60% of cases with 
renal agenesis.*'°'' Genitourinary anomalies 
are seen in 40-50% of cases'!!? and anomalies 
of other organs systems are seen in about 40% 
of cases. Genitourinary anomalies are signifi- 

cantly more common in females with unilateral 

renal agenesis compared to males. The most 

common urological anomalies in infants with 

bilateral renal agenesis are atretic ureters and 

bladder anomalies. The most common associ- 

ated urologic anomalies in infants with unilat- 

eral renal agenesis are vesicoureteral reflux and 

ureteral obstruction.'* Absent or maldevelop- 

ment of ipsilateral uterus and vagina are the 

most common genital anomalies in women with 

renal agenesis. In both sexes, the gonad devel- 

opment is usually normal. The involvement of 

cardiovascular system and gastrointestinal (GI) 

tract are seen most commonly but any other or- 

gan can be involved. Cardiovascular anomalies 

especially septal defects are reported in about 

20% of cases.* The incidence of congenital car- 

diovascular malformation is reported to be 

twelve times greater in both the bilateral renal 

agenesis and unilateral renal agenesis cases.° GI 

anomalies and neural tube defects are more 

common in infants with bilateral renal agenesis. 

Table 39-1 summarizes the commonly reported 
genitourinary and extrarenal anomalies in infants 

with renal agenesis. Based on the high degree of 

association between miillerian or wolffian duct 

derivatives and renal agenesis, it is recommended 
that all women with miillerian duct anomaly and 

all men with congenital bilateral absence of the 

vas deferens should be evaluated to exclude uni- 

lateral renal agenesis.'*'* Approximately one- 
third of women with unilateral renal agenesis 

have an abnormality of internal genitalia and 

43% of women with genital anomalies have uni- 

lateral renal agenesis.” 
Renal agenesis has been identified as a part 

of many different syndromes and thus a careful 

review of all infants with renal agenesis is nec- 

essary to identify other associated malformations 
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> TABLE 39-1 Associated Anomalies in 

Infants with Renal Agenesis 

Genitourinary malformations 

Vesicoureteric reflux 

Ureteral obstruction 

Renal ectopia 

Duplication of ureter 

Neurogenic bladder 

Absent vas deference 

or seminal vesicle 

Absent or rudimentary 

uterus or vagina 

Undescended testis 

~40-50% 

~40% 

~15% 

Extragenitourinary malformations 

Cardiovascular 
Ventricular septal defect 

Atrial septal defect 

Patent ductus arteriosus 

Pulmonary stenosis 

Double outlet right ventricle 

Gastrointestinal 

Anal atresia 

Rectovesical/rectovaginal 
fistulas 

Oesophageal atresia 

Small intestine atresia 

Malrotation 

Central nervous system ~5% 

Neural tube defects 
Hydrocephalus 

Others 

Cleft lip and palate 
Sacrococcygeal anomalies 

Micrognathia 

Ear anomalies 

Choanal atresia 
Vertebral anomalies 
Limb reduction defects 

~10% 

~10% 

and appropriate recurrence risk. However, there 
is limited data regarding what proportion of re- 

nal agenesis cases are part of a recognizable 

syndrome. In a review of bilateral renal agenesis, 

80% of all cases were determined to be non- 

syndromic. In a report on 59 deaths associated 

with renal agenesis, Cunniff et al reported that 

renal agenesis was part of VACTERL (vertebral, 
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anal, cardiac, tracheal, esophageal, renal, and 

limb) association in 19%, unrecognized multiple 

malformation syndrome in 17%, and chromoso- 

mal disorder were identified in 6% of the cases.’ 

Chromosomal abnormalities were also reported 

in 7% of cases with bilateral renal agenesis from 

a large population based study from Europe.” 

Table 39-2 provides a brief list of syndromes 

frequently associated with renal agenesis. 

> EVALUATION AND MANAGEMENT 

A detailed history of index pregnancy, family 

history and complete physical examination to 

evaluate for any associated congenital anom- 

alies of other organ systems are necessary and 

helpful in the evaluation of an infant with renal 

agenesis. A history of oligohydramnios and anuria 

with presence of IUGR, Potter facies, and severe 

respiratory failure strongly indicate the possibility 

of bilateral renal agenesis and an emergent re- 

nal ultrasound should be obtained in these in- 

fants. In contrast, as noted earlier, an infant with 

unilateral renal agenesis with normal contralat- 

eral kidney is likely to have normal amniotic 

fluid volume, normal urine output and renal 

function studies, and be completely asympto- 

matic. Renal ultrasound is the quickest and the 

best test to evaluate kidneys in a newborn in- 

fant. However, it is important to remember that 

the absence of kidney/kidneys in its normal po- 

sition does not always mean renal agenesis as 

they could be ectopic or dysplastic and small. A 

renal scan or magnetic resonance imaging (MRI) 

should be considered if ultrasound is inconclu- 
sive. A fetal MRI to evaluate renal anomalies is 

particularly promising because oligohydram- 

nios can impair visualization of the fetal kid- 

neys on ultrasound examination. Color Doppler 

sonography has also been shown to be helpful 

in these situations. A skeletal survey and 

echocardiogram should be done in all infants 

with renal agenesis because of high likelihood 

of VACTERL association and congenital heart mal- 

formations in these infants. A plain film of abdomen 

after placing a nasogastric tube and careful 

perineal examination for imperforate anus are help- 

ful in excluding common GI anomalies. A cranial 

ultrasound and karytope should be considered in 

the presence of extrarenal anomalies but the like- 

lihood of an abnormal result is low in infants 

with unilateral renal agenesis with no extrarenal 

anomalies. It has been recommended that renal 

ultrasound should be performed on parents and 

siblings of an infant with renal agenesis. Rood- 

hoft et al reported a 9% incidence of asympto- 

matic renal malformations including unilateral 

renal agenesis in 4.5% of parents and siblings.'? 

The evaluation of contralateral kidney and lower 

genitourinary tract on both sides should be done 

in all infants with unilateral renal agenesis. Rou- 

tine urine analysis, serum chemistries with blood 

urea nitrogen, and serum creatinine are neces- 

sary to assess the degree of renal impairment 

and follow-up of renal function. All infants 

should receive prophylactic antibiotics pending a 

complete evaluation. Renal scan and voiding cys- 

tourethrogram (VCUG), with or without cystoscopy 

are helpful in evaluation of contralateral kidney 

and lower urinary tract. Pelvic ultrasound or com- 

puted tomography (CT) and colposcopy may be 

helpful in female patients for early identification of 

associated anomalies of uterus and vagina. The 

recommended evaluation for all infants with renal 

agenesis is summarized in Table 39-3. 

> PROGNOSIS 

Bilateral renal agenesis is incompatible with life. 

Majority of infants die secondary to respiratory 

failure unresponsive to maximal medical man- 

agement. Use of extracorporeal membrane oxy- 

genation (ECMO) is usually contraindicated in 

these infants and withdrawal of support is con- 

sidered acceptable after parental consent. There 

are no reports of long-term survival among in- 

fants with bilateral renal agenesis. 

Infants with unilateral renal agenesis with nor- 
mal contralateral kidney have a good prognosis 
with high likelihood of normal life span in the 
majority of cases. The contralateral kidney in 
these infants undergoes a prenatal and postnatal 
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> TABLE 39-2 Syndromes Associated with Renal Agenesis 

RENAL AGENESIS 

Syndrome Other Common Clinical Features Etiology 

Branchio-oto-renal 

(BOR) syndrome 

Caudal regression 
syndrome 

CHARGE association 

Cloacal exstrophy 

sequence 

Ectrodactyly-ectodermal 

dysplasia-clefting 

syndrome 

(EEC syndrome) 

Ellis-Van Creveld 

syndrome 

(chondroectodermal 

dysplasia) 

Goldenhar syndrome 
(facio-auriculo-vertebral 

spectrum) 

Ivemark syndrome 

LEOPARD syndrome 

(multiple lentigines 

syndromes) 

Limb-body wall complex 

MURCS association 

Smith-Lemli-Opitz 

syndrome 

VACTERL association 

Hearing loss, preauricular pits, branchial 

fistulas or cysts, anomalous pinna, 

cleft palate, facial paralysis 

Incomplete development of sacrum, 

flattening of buttocks, disruption of distal 

spinal cord, poor growth and skeletal 

deformities of lower extremities 

Colobomas, heart defects, atresia of choanae, 

retarded growth and development, genital 

anomalies, ear anomalies 

Persistence of cloaca, omphalocele, 

hydromyelia, cryptorchidism, pelvic kidneys, 

multicystic kidneys 

Fair and thin skin, light colored sparse hair, 

hypoplastic nipples, teeth anomalies, cleft lip 

with or without cleft palate limb anomalies, 

cryptorchidism, holoprosencephaly 

Short distal extremities, polydactyly, nail 

hypoplasia, neonatal teeth, atrial septal 

defect 

Maxillary and mandibular hypoplasia, microtia 

and other ear anomalies, hemivertebrae, 

cleft lip and palate, occasional cardiac and 

CNS defects 

Agenesis of spleen, situs inversus, 

cardiac defects 

Lentigenes, ECG abnormalities, ocular 

hypertelorism, pulmonic stenosis, 

abnormalities of genitalia, retardation of 

growth, deafness 
Thoraco-and/or abdominoschisis, limb 

defects, encephalocele, facial clefts 

Mullerian duct aplasia, renal aplasia, 

cervicothoracic somite dysplasia, upper 

limb defects, deafness, craniofacial 

anomalies 
Growth retardation, mental deficiency, 

microcephaly, syndactyly, genital 

abnormalities, anteverted nostrils 

Vertebral, anal, cardiac, tracheal, 

esophageal, renal, and fimb anomalies, 

single umbilical artery, spinal dysraphia, 

genital abnormalities 

CNS, central nervous system; ECG, electrocardiographic. 

Autosomal dominant 

Unknown, more 

common in infants 

of diabetic mothers 

Autosomal dominant 

Unknown 

Autosomal dominant 

Autosomal recessive 

Unknown 

Usually sporadic, 

autosomal dominant 

and recessive 

transmission also 

reported 

Autosomal dominant 

Unknown 

Unknown 

Autosomal recessive 

Unknown, more 

frequently seen in 

infants of diabetic 

mothers 
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> TABLE 39-3 Recommended Evaluation for 

Infants with Renal Agenesis 

¢ Detailed history and examination 
¢ Rule out tracheoesophageal fistula and 

anorectal malformation 

¢ Skeletal survey 

e Echocardiogram 

¢ Cranial ultrasound and karyotype in 

presence of other congenital malformation 

on examination and evaluation 

¢ Pelvic ultrasound in female infants 

e Renal scan/voiding cystourethrogram 

¢ Cystoscopy/colposcopy + 

¢ Serum chemistries to evaluate and monitor 

renal function 

¢ Renal ultrasound on parents and siblings 

compensatory hypertrophy which can make it 

larger than normal kidney size and thus more 

susceptible to trauma. This compensatory hyper- 

trophy is so common that failure to undergo 

compensatory hypertrophy could be an indica- 

tion of renal dysplasia and may predict progres- 

sive renal insufficiency. There are several reports 

of focal glomerulosclerosis in patients with unilat- 

eral renal agenesis which is thought to be related 

to hyperfiltration of the remnant nephrons. Argueso 

et al reported an increased risk of proteinuria, 

hypertension, and renal insufficiency in patients 

with unilateral renal agenesis and a normal con- 

tralateral kidney but their survival rate was similar 

to that of age, and sex-matched controls. 1° 

> GENETIC COUNSELING 

Although both unilateral and bilateral renal age- 

nesis are usually sporadic, recurrences in more 

than 70 families have been reported.'’ The reports 

of skipped generation in some of these families 

suggest an autosomal dominant pattern of inher- 

itance with incomplete penetrance (50-90%) and 

Renal Agenesis 

Family History and/or 
Parent/Sibling Renal Ultrasound 

a 
Positive Negative 

for URA for URA 

Isolated Familial 
Renal Agenesis 

Isolated Sporadic 
Renal Agenesis 

Likely Autosomal 
Dominant 

Likely Sporadic 

Extrarenal Anomalies 

Positive Negative 

-Syndromic Renal 
Agenesis 

-Renal Agenesis 
Familial with Multiple 

Syndromic Renal Congenital 
Agenesis Anomalies 

| 
Multifactorial AR, -Multifactorial 

AD, X-linked -Sporadic, Mutation 

-Chromosomal Anomaly 

Figure 39-1. Algorithm to help establish etiology and recurrence risk in patients with renal 
agenesis. (URA, unilateral renal agenesis; AD, autosomal dominant; AR, autosomal recessive) 



variable expressivity in majority of these families.'” 
But autosomal recessive and X-linked inheri- 
tance have also been described. The recurrence 
risk will also depend on the etiology in the in- 

dex patient and the presence or absence of an 

associated syndrome. The recurrence risk for an 

infant with renal agenesis and a negative family 

history is reported to be in the range of 

3-5%.'”'® The recurrence rate is reported to be 
about 8% if renal agenesis is part of a complex 

of multiple abnormalities. The recurrence risk in 

families with autosomal dominant pattern of in- 

heritance would be much higher and closer to 

50%. Level II prenatal ultrasound should be of- 
fered for all subsequent pregnancies. Figure 39-1 

provides an algorithm to help establish etiology 

and the likely recurrence risk in patients with 

renal agenesis. 
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CHAPTER 40 

Horseshoe Kidney 
PRAVEEN KUMAR 

> INTRODUCTION 

Horseshoe kidney is a common congenital anomaly 

of the kidney which is characterized by an isthmus 

connecting right and left kidney. The isthmus can 

be a band of fibrous tissue or a rim of functional 

renal parenchyma and crosses the mid-plane of 

the body. While most horseshoe kidneys are fused 

at the inferior pole, fusion of the superior pole 

and of both poles (sigmoid kidney) have been 

described in 5—10% of patients with horseshoe 

kidney.’ A classification of horseshoe kidney 

proposed the following types: A (a)—fused at 

the superior pole, A (b)—fused at the inferior 

pole, B (a)—fused by fibrous tissue, B (b)—fused 

directly and, B (c)—fused by mediators.’ How- 
ever, this classification is not frequently used or 

described by other authors. 

> EPIDEMIOLOGY 

The reported prevalence of horseshoe kidneys 

varies from 1 in 300 to 1 in 1800 but most reports 

cite a prevalence of 1 in 400-500.'* These esti- 
mates are based primarily on data from patients 

requiring renal evaluations and epidemiologic 

postmortem studies. Based on data from three 

large population based congenital malformation 

registries from Europe and the United States, 

Harris et al reported a much lower prevalence 
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range of 0.25-0.61 per 10,000 births.* It is likely 
that asymptomatic cases of horseshoe kidneys 

were not identified and contributed to the lower 

incidence in this report. Tsuchiya et al screened 

5700 healthy 1-month-old infants in Japan and 

identified only one case of horseshoe kidney in 

their population.’ It is likely that the low inci- 

dence was because only healthy infants with no 

known malformations were included in this study. 

Horseshoe kidney may be seen in as many as 

20% of patients with trisomy 18 and 7% of cases 
with Turner syndrome. However, these two stud- 

ies raise the possibility that the true prevalence 

of horseshoe kidney may be lower than the pre- 

viously cited rate of 1 in 400. Overall a slight male 

predominance has been reported. 

> EMBRYOLOGY 

The horseshoe kidney results from fusion of the 

two kidneys probably around the sixth week of 

gestation. Initially the human kidneys lie close 

to each other in the pelvis and ventral to the 

sacrum. With the subsequent growth of the em- 

bryo, the kidneys migrate cranially and rotate 

medially almost ninety degrees to lie in their 

adult position by about the ninth week. Abnormal 

contact between the developing kidneys leads to 

fusion. It has been proposed that a slight alter- 

ation in the position of the umbilical or common 
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iliac artery could change the orientation of the 

migrating kidneys leading to contact and fusion.? 

A role of teratogenic factors responsible for 

abnormal migration of nephrogenic cells to form 

an isthmus has also been suggested.° The nor- 

mal ascent or cranial migration is prevented by the 

inferior mesenteric artery obstructing the move- 

ment of isthmus, thus resulting in a lower than 

normal position of horseshoe kidneys in the ab- 

domen. As a result, normal rotation of the kidney 

is also prevented which places the renal pelvis 

anteriorly.’ The ureters emerge anteriorly and 
usually pass in front of the isthmus. Ureters enter 

the bladder normally and are rarely ectopic. The 
isthmus frequently lies anterior to the aorta and 

inferior vena cava but could pass between or be- 

hind both great vessels in some cases. 

> CLINICAL PRESENTATION 

Horseshoe kidneys are unlikely to present with 

any symptoms during the newborn period with 

the exception of the possibility of a palpable 

midline mass. Almost all horseshoe kidneys in 

the newborn are diagnosed either on a routine 

prenatal ultrasound or postnatal ultrasound done 

for evaluation of other associated malformations. 

Almost one-third of all patients with horseshoe 

kidney remain asymptomatic throughout their 

life. Symptoms in the remaining two-thirds are 

related to hydronephrosis, infection or calculus 

formation.’ Ureteropelvic junction (UPJ) ob- 

struction causing significant hydronephrosis oc- 

curs in as many as one-third of adult patients 
with horseshoe kidneys. UPJ obstruction can 

develop secondary to congenital stricture, high 

ureteral insertion, an abnormal ureteral course 

over the isthmus, crossing vessels supplying the 

isthmus, or abnormal motility of UPJ segment.’ 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Horseshoe kidney is frequently associated with 

both genitourinary and extragenitourinary 

congenital anomalies. The incidence of associated 

anomalies is greater in patients who die in the 

perinatal period than in those who reach adult- 

hood. Vesicoureteral reflux and hydronephrosis 

secondary to ureteropelvic junction obstruction 

are the most common associated urinary tract 

anomalies in these infants.’ Ureteral duplica- 

tion has been reported in 10% of cases. Hy- 

pospadias and undescended testes in males, and 

a bicornuate uterus and/or septate vagina in fe- 

males have been reported in <10% of cases.° 

Nongenitourinary tract anomalies are re- 

ported in 79% of infants, 28% of children, and 4% 

of adults with horseshoe kidneys.’ Harris et al re- 
ported one or more major extra genitourinary 

malformations in 75% of all cases with horseshoe 

kidneys in infants.* The organ systems most com- 

monly affected include the musculoskeletal, car- 

diac, and central nervous systems (CNS). The 

commonly reported malformations include ver- 

tebral anomalies, neural tube defects, anorectal 

atresia, and cardiac septal defects. 

Horseshoe kidneys have been reported with 

increased frequency in association with several 

syndromes. A list of common syndromes asso- 

ciated with horseshoe kidney is provided: in 

Table 40-1. Horseshoe kidney may be seen in as 

many as 20% of patients with trisomy 18 and 7% 

of cases with Turner syndrome.*® 

> EVALUATION AND MANAGEMENT 

A renal ultrasound is usually sufficient to make 

the diagnosis of horseshoe kidney but other imag- 

ing techniques such as computed tomography 

(CT), magnetic resonance imaging (MRD, and re- 

nal scan may be necessary in some cases. Strauss 

et al reviewed sonographic features of horseshoe 

kidney and identified the following features 

which should suggest the diagnosis of this anom- 
aly; poorly defined inferior border of the kidney, 
tapering and elongation of the lower pole, bent 
or curved configuration of the kidney in the long 
axis, and low-lying position of kidneys. ° All in- 
fants diagnosed to have horseshoe kidney 
should get a voiding cystourethrogram (VCUG) 
to evaluate for vesicoureteral reflux (VUR) and 
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> TABLE 40-1 Syndromes Associated with Horseshoe Kidney 

Syndrome Other Common Clinical Features Etiology 

Fanconi pancytopenia Short stature, microcephaly, eye anomalies, radial 
syndrome 

Goltz syndrome 

Kabuki syndrome 

Pallister-Hall 

syndrome 

Roberts-SC 

phocomelia 

Trisomy 13 

(Patau syndrome) 

Trisomy 18 

(Edwards 

syndrome) 

Turner syndrome 

VACTERL 

association 

ray defects in upper limbs, pancytopenia, 

brownish pigmentation of skin, cardiac, GI and 
CNS anomalies 

Poikiloderma with focal dermal hypoplasia, sparse 

and brittle hair, dystrophic nails, syndactyly 

and other anomalies of hand/feet, eye colobomas, 
heart defects 

Long palpebral fissures with eversion of the lateral 

portion of lower eyelid, ptosis, cleft palate, 

brachydactyly, rib anomalies, cardiac defects, 

prominent fingertip pads 

IUGR, hypothalamic harmartoblastoma, ear 

anomalies, laryngeal cleft, lung agenesis, 

syndactyly, polydactyly, anal anomalies, 

heart defects 

Hypomelia limb reduction defects of both upper 

and lower limbs midfacial defects such as 

cleft lip and palate, microcephaly, severe IUGR, 

cryptorchidism, eye anomalies 
Holoprosencephaly, microphthalmia, cyclopia, 

microcephaly, cleft lip and palate, heart defects, 

IUGR, genital abnormalities 

IUGR, low-set malformed ears, clenched hand, 

heart defects, rocker bottom feet, microcephaly, 

genital anomalies 

IUGR, lymphedema, broad chest with widely spaced 

nipples, small maxilla and mandible, low hairline, 

webbed neck, redundant skin, heart defects, 

hearing impairment 

Vertebral, anal, cardiac, tracheal, esophageal, 

renal and limb anomalies, single umbilical artery, 

spinal dysraphia, genital abnormalities 

Autosomal recessive 

X-Linked dominant 

and sporadic 

Unknown 

Autosomal dominant 

Autosomal recessive 

Trisomy 

Trisomy 

Monosomy X 

Unknown, more 

frequently seen 

in infants of 

diabetic mothers 

Gl, gastrointestinal; CNS, central nervous system; IUGR, intrauterine growth retardation. 

should receive antibiotic prophylaxis pending a 

complete evaluation. Routine urine analysis, 

serum chemistries with blood urea nitrogen, and 

serum creatinine are necessary to assess and fol- 

low renal function. No other intervention is nec- 

essary in asymptomatic patients in absence of 

any complications. 
All infants should undergo a complete physical 

examination to evaluate for any other associated 

malformations particularly cutaneous markers of 

occult spinal dysraphism and anorectal atre- 

sia/rectal fistulas. X-ray of the spine and cardiac 

echo should be considered. Routine karyotype 

is not necessary unless indicated by the pres- 

ence of other systemic malformations. Although 

horseshoe kidney has been reported in family 

members, there is no recommendation for 

screening family members at present. 
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> PROGNOSIS 

The presence of a horseshoe kidney by itself has 

not been shown to adversely affect survival and 

is only rarely a cause for mortality.’ In neonates 

with horseshoe kidney, mortality, and long-term 

outcome are largely determined by the presence 

and prognosis of associated congenital anom- 

alies and syndromes. 
Many different malignancies have been re- 

ported in horseshoe kidneys. The commonest 

tumor reported is renal cell carcinoma although 

its incidence is reported to be no higher than 

that in the general population.’’° A twofold in- 

creased risk of Wilms tumor is reported in patients 

with a horseshoe kidney.*'! But the National 

Wilms Tumor Study Group (NWTSG) estimates 

the risk of Wilms tumor development at <0.001% 

based on an incidence of 1 in 400 for horseshoe 
kidney in the general population and does not 

recommend a specific screening protocol for in- 

fants with horseshoe kidneys at this time.'’ 

Huang et al reviewed all reported cases of Wilms 

tumor with horseshoe kidneys in the English 

language literature and found no significant dif- 

ference in the morbidity or mortality associated 

with Wilms tumor in patients with horseshoe 

kidney when compared with patients with nor- 

mal appearing kidneys. The relative risk of tran- 

sitional cell carcinoma has been estimated to be 
34 times higher and risk of carcinoid tumor is 

reported to be 62 times higher than in the gen- 

eral population.® However, these tumors are very 

rare both in the general population and in pa- 

tients with horseshoe kidney. The exact embry- 

ological pathogenetic mechanisms for an in- 

creased incidence of these tumors are not 

completely understood so far. 

> GENETIC COUNSELING 

Most cases of horseshoe kidney are sporadic with 

a very low chance of recurrence in subsequent 

pregnancies. The recurrence risk in infants with 

an associated chromosomal abnormality or syn- 

dromic disorder will depend on the inheritance 

pattern of that disorder. Although familial recur- 

rences have been reported, there is not enough 

evidence to characterize the hereditary pattern of 

this anomaly.’ Level II prenatal ultrasound should 

be offered for all subsequent pregnancies. 
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CHAPTER 41 

Renal Cystic Diseases 
PRAVEEN KUMAR 

> INTRODUCTION 

The term renal cystic disease encompasses a 

common and heterogeneous group of condi- 

tions that can present in fetal life, childhood, or 

later in adult life. Renal cysts in the perinatal pe- 

riod represent abnormal dilatation of a part of 

the renal tubule as a result of hereditary or non- 

hereditary developmental disorders, and de- 

pending on the underlying process, either one 

or both kidneys can be affected. Renal cysts can 

present as the sole manifestation of disease, can 

accompany other renal/extrarenal anomalies, or 
can be part of a systemic disorder or syndrome. 

With the widespread use, better resolution, and 

increasing expertise in the use of antenatal and 

postnatal ultrasound, these lesions are increas- 

ingly being detected prenatally and in early 

neonatal period. 

Over the years, many different classifications 

have been proposed for renal cystic diseases. 

One of the earliest classifications was proposed 

by Osathanondh and Potter in 1964 and classi- 
fied renal cystic disease of the newborn in the 

following four groups: type I included autoso- 

mal recessive polycystic kidney disease (ARPKD); 

type II cystic kidneys included dysplastic and 

multicystic kidneys and could be unilateral or bi- 

lateral; type II] represented autosomal dominant 

polycystic kidney disease (ADPKD); and type IV 

265 

included cystic kidneys due to an obstruction of 

the outflow tract.’ In 1987, The Committee on 

Classification, Nomenclature, and Terminology 

of the American Academy of Pediatrics Section 

on Urology proposed an expanded classifica- 

tion to include all causes of renal cystic diseases 
(Table 41-1). 

> EPIDEMIOLOGY 

ADPKD is one of the most common hereditary 

disorders in humans and accounts for 5% of the 

end stage renal disease patients in the United 

States.° It affects 1 in 400 to 1 in 1000 live births 

but only a small percentage of all affected pa- 

tients present during the perinatal period. The 

most common cause of renal cystic disease in a 

newborn is multicystic dysplastic kidney (MCDK) 

and the incidence of this disorder is reported to 

range from 1 in 1000 to 1 in 4500 live births. 

The estimated prevalence of ARPKD, a rare type 

of renal cystic disease with common perinatal 

presentation, is 1 in 20,000 live births with a 

heterozygote frequency of 1 in 70.** Other re- 

nal cystic diseases of the newborn are encoun- 

tered only rarely. The overall birth prevalence 

of renal cysts in the newborn has been reported 

to range from 0.05 to 0.5 per 1000 live births in 

population based congenital anomaly birth 
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> TABLE 41-1 Classification of Renal Cystic 

Diseases 

Genetic 
A. Autosomal recessive (infantile) polycystic 

kidneys 
B. Autosomal dominant (adult) polycystic 

kidneys = 

C. Juvenile nephronophthisis—medullary 

cystic disease complex 

1. Juvenile nephronophthisis (autosomal 

recessive) 

2. Medullary cystic disease (autosomal 

dominant) 

D. Congenital nephrosis (autosomal reces- 

sive) 
E. Cysts associated with multiple malforma- 

tion syndromes 

Nongenetic 
A. Multicystic kidney (multicystic dysplasia) 

B. Multilocular cyst (multilocular cystic 

nephroma) 

. Simple cysts : 

. Medullary sponge kidneys (<5% inherited) 

. Acquired renal cystic disease in chronic 

hemodialysis patients 

. Caliceal diverticulum (pyelogenic cysts) 

moqg 

mn 

registries from North America and Europe.’ 

An anomaly of the urinary tract is reported in 

approximately 0.1-0.4% of all prenatal ultra- 

sounds and nearly 30% of these anomalies in- 

clude cystic renal disease.°’ More than two- 

thirds of fetuses with cystic renal disease are 

diagnosed to have MCDK. 

> EMBRYOLOGY 

The human kidney develops from metanephros 

which consists of metanephric diverticulum or 

ureteric bud and metanephric mesoderm or 

metanephrogenic blastema. Ureteric bud is an 

outgrowth from the mesonephric duct and 

branches multiple times to form the excretory 

system consisting of renal pelvis, calyces, and col- 

lecting tubule. Metanephric mesoderm requires 

inductive interaction with branching ureteric bud to 

develop into nephrons comprising of glomerulus, 

proximal convoluted tubule, loop of Henle, and 

distal convoluted tubule. Renal development be- 

gins at the end of fourth week of gestation, the 

first glomeruli form by 8-9 weeks and fetal urine 

is produced at about the tenth week; however, new 

nephrons continue to be added until 34-36 weeks 

of gestation and nephrons continue to elongate 

and differentiate after that.® 

Cystic renal disease in MCDK and several 

heritable and nonheritable syndromes represents 

renal dysplasia which is characterized by archi- 

tectural disorganization of the kidney secondary 

to atresia or severe hypoplasia of the ipsilateral 

excretory system. Renal cystic disease in these 

patients is frequently associated with other renal 

anomalies on both ipsilateral and contralateral 

sides. Although the exact pathogenesis in these 

patients is unknown, it is believed that aberrant 

inductive interaction between epithelial cells of 

the ureteric bud and surrounding mesenchyme 

cells leads to dysregulation of normal renal de- 

velopment. In contrast, initial renal development 

is normal in other renal cystic diseases such as 

ADPKD and ARPKD and there are no associated 

developmental structural anomalies of the kid- 

neys in these patients. 

> CLINICAL PRESENTATION 

A summary of important clinical features in 

common cystic renal diseases of the newborn is 

presented in Table 41-2. Presenting symptoms 

can range from incidental findings on pre- or post- 

natal ultrasound to massive renomegaly and from 

minimal renal dysfunction in mild cases to severe 

respiratory distress with complete renal failure or 
stillbirth in severe cases. The degree of respiratory 
insufficiency is usually related to the severity of 
renal disease and is secondary to a combination 
of pulmonary hypoplasia and mechanical inter- 
ference due to a massively distended abdomen. 
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> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

The presence of associated anomalies in an in- 
fant with cystic renal disease is highly sugges- 
tive of either MCDK or other syndromic forms 

of cystic renal disease. Associated anomalies of 

the genitourinary system are significantly more 

common than anomalies of other organ systems. 

Genitourinary anomalies on either the ipsilat- 

eral or contralateral side are reported in 20-75% 

of all infants with unilateral multicystic kidney 

and extrarenal anomalies are noted in 5—35% of 

these infants.’ The highest rate of associated 
genitourinary anomalies was noted when cys- 

toscopy and colposcopy were also done in addi- 

tion to ultrasound and voiding cystourethrogram 
(VCUG).’ Table 41-3 summarizes reported renal 

and extrarenal anomalies in infants with cystic 

renal disease. 

Renal cysts have been described as part of 

several common and uncommon syndromes. The 

histopathological, clinical, and radiological find- 

ings in these cases can be consistent with MCDK, 

glomerulocystic kidney disease (GCKD), or juve- 

nile nephronophthisis (NPHP). Infants with syn- 

dromic cystic renal disease almost always have 

associated extrarenal anomalies and are likely to 

have bilateral disease. Table 41-4 provides a brief 

list of common syndromes in which cystic renal 

disease has been described and the mode of in- 

heritance associated with each one. 

> EVALUATION 

A detailed family history and complete physical 

examination for associated congenital anomalies 

of other organ systems are the necessary first 

steps in the evaluation of an infant with cystic 

renal disease. MCDK, the most common cause of 

cystic renal disease in the newborn, is a sporadic 

disorder in most cases and is not associated with 

a positive family history in majority of cases. 

ADPKD, ARPKD, and GCKD are inheritable 

disorders and a careful family history can be very 
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> TABLE 41-3 Associated Anomalies in 

Patients with Cystic Renal Disease 

Renal anomalies 

Vesicoureteral reflux 

Ureteral agenesis or hypoplasia 

Ureteropelvic junction obstruction 

Bladder wall abnormalities 

Ectopic ureter/duplex ureter 

Ureterocele 

Ectopic kidney 

Extrarenal 

Central nervous system 
Hydrocephalus 

Choroid plexus cyst 

Spina bifida 

Cardiovascular system 

Ventricular septal defect 

Atrial septal defect 

Endocardial cushion defect 

Transposition of great vessels 

Pulmonary stenosis 

Gastrointestinal system 

Tracheoesophageal fistula 

Imperforate anus 

Duodenal atresia 

Abdominal wall defect 

Skeletal 
Polydactyly 

Clubbed foot 
Hemivertebra 

Genitalia 

Cystic dysplasia of testis 

Vaginal atresia 

Imperforate hymen 

Persistent seminal cysts 

Gartner's cyst 
Ambiguous genitalia 

Pulmonary 

Pulmonary hypoplasia 

Craniofacial 
Micrognathia 

Potter facies 

helpful in providing clues to the diagnosis. It is 

important to remember that a negative family 

history can not exclude these diagnoses because 

of possibility of spontaneous mutations in the 



272 PART VII RENAL MALFORMATIONS 

> TABLE 41-4 Syndromes Associated with Cystic Renal Diseases 

Syndrome 

Bardet-Biedl syndrome 

Branchio-oto-renal 

syndrome 

Cloacal exstrophy 

sequence 

Fryns syndrome 

Jeune syndrome 

(asphyxiating thoracic 
dystrophy) 

Meckel-Gruber syndrome 

Oral-facial-digital syndrome, 

type | 

Short rib-polydactyly 

syndrome, type | 

(Saldino-Noonan type) 

Short rib-polydactyly 
syndrome, type II 

(Majewski type) 

Smith-Lemli-Opitz 

syndrome 

Trisomy 13 

Trisomy 18 

Tuberous sclerosis 

Other Common Clinical Features Etiology 

Postaxial polydactyly, syndactyly, 

hypogonadism, retinal dystrophy 

Hearing loss, preauricular pits, branchial 

fistulas or cysts, anomalous pinna, 

cleft palate, facial paralysis 

Persistence of cloaca, omphalocele, 

hydromyelia, cryptorchidism, pelvic 

kidneys 

Diaphragmatic defects, distal digital 

hypoplasia, pulmonary hypoplasia, 

Dandy-Walker malformation, agenesis 

of corpus callosum, ventricular septal 

defect 
Bell shaped thorax, pulmonary hypoplasia, 

hypoplasia, polydactyly, rhizomelic limb 

shortening, situs inversus 

Occipital encephalocele, polydactyly, 

cleft lip and/or palate, microphthalmia, 

ambiguous genitalia, IUGR, microcephaly, 

cryptorchidism, cardiac defects 

Lobulated tongue, oral frenulae and clefts, 

hypoplastic alae nasi, digital anomalies, 

agenesis of corpus callosum 

Phocomelia, metaphyseal dysplasia, 

postaxial polydactyly, syndactyly, 

cardiac defects, imperforate anus 

Short ribs and limbs, cleft lip and palate 

pulmonary hypoplasia, hypoplasia of 

epiglottis and larynx, pre-/postaxial 

polydactyly 

Growth retardation, mental deficiency, 

microcephaly, syndactyly, genital 

abnormalities, anteverted nostrils 

Holoprosencephaly, microphthalmia, 

cyclopia, microcephaly, cleft lip 

and palate, heart defects, IUGR, 

genital abnormalities 

IUGR, low-set malformed ears, clenched 

hand, heart defects, rocker bottom feet, 

microcephaly, genital anomalies 

Hypopigmented macule, adenoma 

sebaceum, retinal and brain tumors, 

rhabdomyoma of heart 

Autosomal recessive 

Autosomal dominant 

Unknown 

Autosomal recessive 

Autosomal recessive 

Autosomal recessive 

X-linked dominant 

Autosomal recessive 

Autosomal recessive 

Autosomal recessive 

Trisomy 

Trisomy 

Autosomal dominant 
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> TABLE 41-4 Syndromes Associated with Cystic Renal Diseases (Continued) 

Syndrome Other Common Clinical Features Etiology 

VACTERL association 

Zellweger syndrome 

(cerebro-hepato-renal 

syndrome) 

Vertebral, anal, cardiac, tracheal, 

esophageal, renal, and fimb anomalies, 

single umbilical artery, spinal dysraphia, 
genital abnormalities 

Hypotonia, seizures, deafness, 

pachymicrogyria, heterotopias, 

anteverted nares, cataracts, hepatomegaly, 

Unknown, more 

frequently seen in 

infants of diabetic 

mothers 

Autosomal recessive 

cardiac defects, camptodactyly, 

cryptorchidism 

IUGR, intrauterine growth retardation. 

index case, absence of a clinical diagnosis in an 

affected relative, and the possibility of incorrect 
paternity, 

Renal ultrasound in index patient is the single 

most helpful study in identifying the etiology. In 

an infant with multiple cysts in one kidney, a mul- 

ticystic dysplastic kidney is the most likely diag- 

nosis but it needs to be differentiated from cystic 

changes secondary to obstructive uropathy. The 

presence of multiple noncommunicating cysts of 

varying size in the absence of an identifiable re- 

nal sinus and normal renal parenchyma is the 

characteristic sonographic finding in patients with 

MCDK. The characteristic sonographic finding in 

ARPKD is bilateral medullary cysts with diffuse 

marked enlargement of both kidneys; the finding 

of congenital hepatic fibrosis may be difficult to 

demonstrate in the neonatal period but is highly 

suggestive of ARPKD, if present. The finding of 

bilateral cortical cysts is suggestive of ADPKD. 

Renal ultrasound of the parents, siblings or grand- 

parents can also be helpful if a diagnosis of 

ADPKD is suspected. Nearly 100% of all ADPKD 

patients >30 years will have renal cysts on ultra- 

sound; cysts on ultrasound are reported in 80% 

of patients after 20 years of age, and 56% of cases 
after 10 years of age.” '' Figure 41-1 summarizes 
the diagnostic approach to a fetus/neonate with 

bilateral large echogenic kidneys with or without 

identifiable cysts. 
A skeletal survey, cardiac, and cranial ultra- 

sound should be done if clinical examination is 

Bilateral, Large Echogenic Kidneys 

ADPKD 
ARPKD 
MCDK 
GCKD 
JNPHP 

Family/Parental Renal Ultrasound/History 

Cyst Present Cyst Absent* 

ADPKD MCDK 
GCKD ARPKD 

JNPHP 

: ! 
[ Extrarenal Malformations on Examination or Ultrasounds 

Yes No Yes No 

GCKD ADPKD MCDK ARPKD 
GCKD JNPHP 

Figure 41-1. Diagnostic approach in an infant 

with bilateral echogenic kidneys. 

“Negative renal USG on an adult can exclude 

ADPKD if that person is over 30 years of age 

suggestive of extrarenal anomalies or if a diag- 

nosis of unilateral or bilateral MCDK is suspected 

based on renal ultrasound results. A karyotype 

should be obtained in the presence of extrarenal 

anomalies as the likelihood of an abnormal 
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result is low in infants with unilateral MCDK 

with no extrarenal anomalies. 

The evaluation of the contralateral kidney 

and lower genitourinary tract on both sides 

should be done in infants with unilateral MCDK. 

Infants with associated renal anomalies should 

receive prophylactic antibiotics pending a com- 

plete evaluation. Recent studies have shown 

that a routine VCUG in all infants with unilateral 

MCDK is not necessary if two successive renal 

ultrasound scans can rule out clinically signifi- 

cant anomalies of the contralateral kidney and 

upper urinary tract.'*'? Routine urine analysis, 

serum chemistries with blood urea nitrogen, and 

serum creatinine are necessary to assess the de- 

gree of renal impairment and to follow renal 

function. In the event of fetal or neonatal death, 

autopsy should be obtained to confirm the 

pathological diagnosis and obtain samples for 

specific DNA tests. Molecular genetic studies 

are possible but not routinely available for 

ADPKD and ARPKD. 

> MANAGEMENT AND PROGNOSIS 

The appropriate management of these infants 
requires careful attention to associated respira- 

tory and renal insufficiency. The management 

of respiratory symptoms may range from supple- 
mental oxygen by nasal cannula to significant ven- 

tilatory support in infants with severe pulmonary 

hypoplasia. The use of nitric oxide may be nec- 

essary in some cases with severe pulmonary hy- 

pertension. Use of extracorporeal membrane 

oxygenation (ECMO) is usually contraindicated 

if severe pulmonary hypertension is associated 

with severe pulmonary hypoplasia and there is 

extensive bilateral kidney disease with minimal 

or no renal function. The management of renal 

insufficiency may range from careful monitor- 

ing of renal function to the need for peritoneal 

dialysis based on degree of impairment of renal 
function. 

Neonatal outcome is related to the underlying 

diagnosis, extent of renal insufficiency, associ- 

ated pulmonary hypoplasia, and other extrarenal 

congenital anomalies. Severe early onset oligohy- 

dramnios during pregnancy indicates severe renal 

disease and a high likelihood of severe pulmonary 

hypoplasia and is usually associated with early 

neonatal death or stillbirth in most cases. 

Infants with isolated unilateral MCDK have a 

good prognosis for survival while bilateral dis- 

ease is always fatal. However, infants with uni- 

lateral MCDK should be monitored closely for 

hypertension and renal function of the con- 

tralateral kidney. Recent studies have shown that 

the risk of hypertension and malignancy are low 

and routine nephrectomy of the diseased kidney 

is not necessary. Both pre- and postnatal follow- 

up ultrasound examinations in children with 

unilateral MCDK have shown.that a significant 

percentage (25-50%) of cases have spontaneous 

involution to the point of complete disappearance 

in some.'*!> A renal length of <62 mm on initial 

ultrasound was predictive of complete involution 

during follow-up.'° 

Newborns with ADPKD can have more rapid 

progression of the disease compared to those 

with adult onset disease. However, more recent 

data and longer follow-up suggest that the prog- 

nosis for prenatally diagnosed ADPKD infants is 

excellent unless there is oligohydramnios."' In a 

recent report on the outcome of 166 patients 

with ARPKD, 73% had perinatal presentation and 

need for mechanical ventilation at birth was 

strongly predictive of mortality and the early de- 

velopment of chronic renal insufficiency among 

survivors. However, overall survival rate for this 

cohort was 79% at 1 year and 75% at 5 years.!” 

> GENETIC COUNSELING 

The recurrence risk of cystic renal disease in 

subsequent pregnancies will depend on the eti- 
ology in the index patient and the presence or ab- 
sence of an associated syndrome. Level II prena- 
tal ultrasound should be offered for all subsequent 
pregnancies. The majority of cases of unilateral 
MCDK are isolated and have a sporadic mode of 
inheritance; however, autosomal dominant trans- 
mission has been reported in some families and 



the risk of recurrence in these cases is 50%. The 
overall risk in the absence of a family history 

and associated syndrome is reported to be 2-3% 

in infants with isolated MCDK."! If cystic renal 
disease is part of a well-defined syndrome, the 

~ recurrence risk will depend on the mode of inher- 
itance of that syndrome. 

The recurrence risk in a family with an in- 

fant with ARPKD is 25%. If a parent is affected 

with ADPKD, the risk of ADPKD in a subse- 

quent pregnancy is 50%, but the recurrence risk 

of early-onset ADPKD is reported to be 22.5% 

after one infant with early-onset ADPKD.” There 

is no evidence that early onset cases are homo- 

zygous. The risk factors for early-onset disease 

are reported to be affected mother, affected 

sibling, and a new mutation.'' Families at risk 

for either ARPKD or ADPKD should have DNA 

analysis prior to contemplating a future pregnancy 

to identify the genetic mutation so a prenatal DNA 

diagnosis can be offered in late first trimester by 

chorionic villus sampling. DNA testing can also 

be performed on amniotic fluid cells obtained 

by amniocentesis. 
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CHAPTER 42 

Posterior Urethral Valves 
PRAVEEN KUMAR 

> INTRODUCTION 

Posterior urethral valves are the most common 

cause of lower urinary tract obstruction and bi- 

lateral obstructive uropathy in male infants. 

These infants have a high incidence of morbid- 

ity and mortality and it is suggested that early se- 

vere obstruction during fetal development can 

expose the developing kidneys and urinary tracts 

to very high pressures which may lead to per- 

manent maldevelopment of the kidneys and 

bladder. A significant proportion of posterior 

urethral valve survivors develop end-stage renal 

disease and represent approximately 1% of those 

awaiting renal transplantation.’ In a landmark 

paper in 1919, Young et al described three types 

of posterior urethral valves based on their cysto- 

scopic appearance.” Type I valves originate distal 

to the verumontanum on the floor of the poste- 

rior urethra with the valve cusps diverging dis- 

tally in an anterolateral orientation and fusing 

anteriorly in the midline. Type I valves account 

for almost 95% of all infants with posterior ure- 

thral valves.? Type II valves were described as 

folds of tissue that run between the bladder neck 
and the verumontanum but most current authors 

consider these findings as artifact and only of his- 

torical significance.* Type III valves are centrally 

perforated diaphragms that are located either 

cephalad or caudal to the verumontanum and are 

responsible for lower urinary tract obstruction 
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in about 5% of the infants with posterior ure- 

thral valves.* Recently, Dewan et al have proposed 

that these different types of valves represent var- 

ied manifestations of a congenital posterior ure- 

thral membrane and coined the term COPUM 
(congenital obstructive posterior urethral mem- 

brane) to define abnormalities seen in these 

patients.>? 

> EPIDEMIOLOGY 

The incidence of posterior urethral valves in boys 

is reported to range from 1 in 5000 to 1 in 8000 

live births.’* Anecdotal cases have been reported 

in females. A significantly higher incidence of 

>1 in 250 newborn males was reported in Oman; 

consanguinity was noted in the majority of cases 

and an autosomal recessive mode of inheritance 

was suspected.° 

> EMBRYOLOGY 

Urethral development begins during the sixth 

week of gestation and is complete by about the 

fourteenth week in a male fetus. The male urethra 

is divided into 4 sections. Most proximal are the 

prostatic and membranous urethra which are 

derived from the urogenital sinus, a structure 

which is also responsible for the development of 
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the female urethra. The bulbar and penile ure- 

thra are derived from the urethral plate of the 

genital tubercle which is androgen dependent 

for its normal development and present only in 

males.’ Several different theories have been pro- 

posed to explain embryological development of 

posterior urethral valves secondary to distur- 

bances of complex embryological processes, in- 

volving the urogenital sinus and membrane, the 

Wolffian duct, and the Mullerian duct derived pro- 

static utricles.° It is believed that type I posterior 

urethral valves result when the mesonephric duct 

enters the cloaca in a more anterior portion than 

normal and type III valves result from incom- 

plete dissolution of the urogenital portion of the 

cloacal membrane.* Although early develop- 

ment of the upper and lower urinary tract is 

usually considered to proceed independently, 

there is some evidence to suggest that the de- 

velopment of posterior urethral valves may be 

influenced by polygenetic factors similar to 

other renal and extrarenal anomalies because 

posterior urethral valves have been described 

as part of several defined syndromes.° So far, no 

clear evidence for a specific gene mutation has 

been observed for nonsyndromal posterior ure- 

thral valves but some population based studies 

point to a role of recessive genetic influence in 

its etiology.® 

> CLINICAL PRESENTATION 

Although most patients with posterior urethral 

valves are diagnosed in prenatal or neonatal 

period, the age of presentation and clinical 

symptoms can be variable in the remaining pa- 

tients and depend on the severity of obstruction 

and the degree of renal dysplasia. A prenatal di- 

agnosis of posterior urethral valves should be 

suspected in a male fetus with bilateral hy- 

dronephrosis with a continuously distended 

bladder. The amount of amniotic fluid varies 

from normal in mild cases to significantly di- 

minished in severely obstructed infants. Long- 

standing severe oligohydramnios can result in 

pulmonary hypoplasia and Potter facies as in in- 

fants with renal agenesis. Perinephric urinomas 

and urinary ascites can also be present in the 

most severely affected infants. A prenatal diag- 

nosis of posterior urethral valves can be made 

early in the second trimester onward and a fair 

proportion of these patients are diagnosed by 

24 weeks of gestation. 

The symptoms and signs in an infant with 

postnatal presentation are usually related either 

to obstruction or infection. An obstructive pre- 

sentation is more common in the neonate, 

whereas older children tend to present with in- 

fections.® Infants with pulmonary hypoplasia 

secondary to oligohydramnios may present with 

a variable degree of respiratory distress which 

may be fatal in the most severe cases. Nearly 

one-third of all patients not diagnosed by pre- 

natal ultrasound present in the first month of 

life, one-third in the first year, and one-third 

thereafter.® It has been frequently reported that 

a poor urinary stream is not a sensitive indica- 

tor of the presence of posterior urethral valves. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Nearly all infants with posterior urethral valves 

will have a variable degree of urinary tract 

changes such as a thickened trabecular dysfunc- 
tional bladder, hydronephrosis, and some degree 

of renal dysplasia. The extent of these changes 

depends on the severity and duration of obstruc- 

tion. Vesicoureteral reflux is present in 25-50% of 

cases with posterior urethral valves and is fre- 

quently bilateral. The majority of infants with pos- 

terior urethral valves are otherwise normal with 

no associated malformations. However, associ- 

ated anomalies of the genitourinary system such 

as hypospadias, double urethra, ureteropelvic 
junction stenosis, solitary/dysgenetic kidneys, 
renal ectopia, and extrarenal anomalies such as 
imperforate anus and congenital heart defects have 
been reported in some infants with posterior ure- 
thral valves. The incidence of undescended testes 
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is almost 12 times higher in these patients com- 
pared to the general population. Posterior ure- 

thral valves is an isolated abnormality in a large 

proportion of cases but has also been reported 

as part of a well-defined syndrome or multiple 

congenital anomaly disorder which are listed in 

Table 42-1. 

> EVALUATION 

With widespread use of prenatal ultrasound, 

most infants with posterior urethral valves are 

diagnosed prenatally but only half of all cases 

can be diagnosed before 24 weeks of gestation.° 

Initial evaluation of an infant either with a pre- 

natal diagnosis of posterior urethral valves or 

suspected of having posterior urethral valves 

should include renal ultrasound, voiding cys- 

tourethrogram (VCUG), urinalysis, urine cul- 

ture, serum electrolyte, blood urea nitrogen, 

and creatinine. Renal ultrasound should include 

images of ureters and bladder; and could pro- 

vide important information about renal dysplasia, 

hydronephrosis, bladder wall thickening, and 

posterior urethral dilatation. Fluoroscopic VCUG 

is the gold standard for the diagnosis of posterior 

urethral valves. Cystourethroscopy and isotope 

> TABLE 42-1 Syndromes Associated with Posterior Urethral Valves 

Syndrome 

Caudal regression 

syndrome 

Cloacal exstrophy 
sequence 

Kaufman-MckKusick 

syndrome 

Limb-body wall 

complex 

Russell-Silver 

syndrome 

Townes-Brocks 

syndrome 

Urorectal septum 

malformation sequence 

VACTERL association 

Other Common Clinical Features 

Incomplete development of sacrum, 

flattening of buttocks, disruption 

of distal spinal cord, poor growth 

and skeletal deformities of lower 

extremities 

Persistence of cloaca, omphalocele, 

hydromyelia, cryptorchidism, 

pelvic kidneys, multicystic kidneys 

Postaxial polydactyly, cardiac 

anomalies, hypospadias, 

hydrometrocolpos, vaginal septum 

Thoraco-and/or abdominoschisis, 

limb defects, encephalocele, 

facial clefts 

IUGR, skeletal asymmetry, 

small/triangular facies, micrognathia, 

café au lait spots, syndactyly, 

heart defects 

Ear anomalies, thumb anomalies, 

anal malformations, microcephaly, 

cardiac defects, duodenal atresia 

syndactyly 
Ambiguous genitalia, imperforate anus, 

rectal fistulas, mullerian duct defects 

Vertebral, anal, cardiac, tracheal, 

esophageal, renal, and limb anomalies, 

single umbilical artery, spinal dysraphia, 

genital abnormalities 

Etiology 

Unknown, more common 

in infants of diabetic 

mothers 

Unknown 

Autosomal recessive 

Unknown 

Unknown 

Autosomal dominant 

Unknown 

Unknown, more common 

in infants of diabetic 

mothers 

Gy See ee ee ee a ee EE ee ee eee OIE 

|UGR, intrauterine growth retardation. 



280 PART Vil RENAL MALFORMATIONS 

renography can provide additional important 

information. The workup of all infants diag- 

nosed to have posterior urethral valves should 

also include a detailed family history and phys- 

ical examination to evaluate for the presence of 

other associated anomalies. Further workup 

such as cardiac echo, chromosome analysis 

should be performed in infants with other asso- 

ciated anomalies. 

> MANAGEMENT AND PROGNOSIS 

The role and benefit of various prenatal inter- 

ventions such as in utero vesicoamniotic shunt 

or primary fetal valve ablation either by open 

surgery or percutaneous fetal cystoscopy re- 
main controversial.”'° Although most of these 

procedures achieve the immediate goal of uri- 

nary diversion and decompression, they gener- 

ally fail to improve the long-term outcome of 

treated infants and may not justify the additional 

risk of morbidity and mortality in the mother 

and fetus. It is believed that the associated 

renal dysplasia in these infants is either primary 

or related to early intrarenal reflux which can 

not be influenced by current prenatal urinary 

diversion procedures.'’ Ongoing studies will 

help in clarifying these issues and may identify an 

appropriate subgroup of patients and/or timing 

of prenatal intervention to achieve maximal ben- 

efits from these procedures. 

After birth, the initial goals of management in- 

clude bladder decompression by placing a uri- 

nary catheter, correction of fluid and electrolyte 

abnormalities, initiation of appropriate antibiotics, 

and management of respiratory insufficiency, 

if any. After initial stabilization, the options for 

surgical repair include: primary valve ablation and 

observation, temporary vesicostomy and delayed 

valve ablation, and primary valve ablation with 

upper tract reconstruction." Primary valve ablation 

by transurethral resection is the preferred ap- 

proach and can be performed in even small pre- 

mature infants. A temporary vesicostomy should 

be reserved for very unstable and small infants. 

Early diagnosis and improvements in neona- 

tal care have reduced mortality in these infants 

from 50% to 1-3% over last several decades but 

the progressive deterioration in renal function 

continues to be a major concern because nearly 

30-40% of these patients develop chronic renal 

failure.*?!*1> Prenatal ultrasound findings that 
predict poor postnatal outcome are: (1) early de- 

tection of upper-tract dilatation; (2) moderate to 

severe upper-tract dilatation, defined as a renal 

pelvic anteroposterior diameter of 10 mm or 

greater; (3) increased echogenicity of the renal 

parenchyma; and (4) cystic changes in the renal 

parenchyma.'* The antenatal detection of poste- 

rior urethral valves before 24 weeks gestation has 

been reported to result in a poorer prognosis with 

a 50% chance of death or chronic renal failure by 

4 years of age.'* The degree of renal dysplasia 

and bladder dysfunction are major determinants 

of future outcome. The reported risk factors for 

late development of renal failure in a child with 

posterior urethral valves are: (1) glomerular fil- 

tration rate (GFR) <80 mL/min/1.73 m? at 1 year 

of age; (2) a serum creatinine value of >8-10 mg/L 

at 1 year of age; (3) poor corticomedullary differ- 

entiation on renal ultrasound; (4) appearance of 
proteinuria during infancy; (5) bilateral vesi- 

coureteric reflux; and (6) diurnal incontinence at 

the age of 5 years.'*!° Incidence of urinary incon- 
tinence ranges from 13% to 38%, which is related 

to decreased urine concentrating capacity, 

polyuria and bladder dysfunction.’”'* Renal 

transplantation has proven successful in these 

patients with an overall 2 year graft survival rate 

(70-86%) comparable to the control group.” Most 

patients with treated valves are fertile but may have 

impaired sexual and reproductive function sec- 

ondary to cryptorchidism, vasal reflux, retrograde 

ejaculation, and decreased sexual libido and func- 
tion due to renal failure." 

> GENETIC COUNSELING 

Although recurrence risks for nonsyndromic pos- 
terior urethral valves have not been well studied, 
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this appears to be a sporadic anomaly with no 

increased risk of recurrence in most families. 

The presence of a positive family history in the 

presence of parental consanguinity may suggest 

an autosomal recessive mode of transmission 

~ and a corresponding increase in recurrence risk. 

The recurrence risk in an infant with an associ- 

ated syndrome or chromosomal abnormality will 

depend on the underlying diagnosis. Level II 

prenatal ultrasound should be offered for all sub- 

sequent pregnancies. 
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CHAPTER 43 

Polydactyly 
PRAVEEN KUMAR 

> INTRODUCTION 

Polydactyly (in Greek “Poly” means many and 

“dactylos” means digit) is defined as having more 

than the normal number of digits in the hands 

and/or feet, and is one of the most common 

congenital anomalies in a newborn. It can occur 

as an isolated malformation, in association with 

other malformations of the hands or feet, or as 

part of a multiple congenital anomaly syndrome. 

A large majority of infants with polydactyly will 

have six digits but others may have more. 

> EPIDEMIOLOGY 

Polydactyly is the one of the most common con- 

genital anomalies of hands and feet and has been 

reported in all races. An overall prevalence of 

1-2 per 1000 live births has been reported in 

large population based studies but a much higher 

incidence has been reported in studies focusing 

on a predominantly black population.’” The in- 
cidence is nearly ten times higher in blacks than 

in other ethnic groups. This difference in inci- 

dence is almost entirely due to a higher rate of 

postaxial polydactyly among blacks which is 

usually an isolated anomaly with no other asso- 

ciated congenital malformations. Table 43-1 pro- 

vides a summary of epidemiological features of 

different types of polydactylies. Most studies 
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have reported a male preponderance and the re- 

ported incidence in different ethnic populations 

has been stable over the last several decades. An 
association with twin pregnancy and low edu- 

cation level of mothers was reported from South 

America and a slightly higher prevalence in urban 

populations was recently reported from China.” 

A recent large population based study reported 

an increased risk of congenital digital anomalies 

including polydactyly after maternal cigarette 

smoking during pregnancy.* Preaxial polydactyly 

of hands and feet was noted after thalidomide 

exposure during pregnancy and preaxial poly- 

dactyly of feet is reported to be associated with 

poorly controlled insulin-dependent diabetes 

mellitus during pregnancy.’ 

> EMBRYOLOGY 

Based on embryologic classification of congen- 

ital limb anomalies, polydactylies are a duplica- 

tion defect. The limb buds first appear during 

the fourth week of gestation and the develop- 

ment of lower limbs lags behind the upper limb 

development by a few days. The development 

of digits from hand and foot plate into well dif- 

ferentiated fingers and toes takes place between 

41 and 52 days of gestation in upper limbs and 

46-56 days of gestation in lower limbs. The number 
of cell progenitors, the rate of proliferation and 
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> TABLE 43-1 Epidemiology of Different Types of Polydactylies 

Type Incidence 

Postaxial 0.48—-22.5/1000 

worldwide 

U.S. white 0.7—1.2/1000 

U.S. black 7-13.5/1000 

Preaxial 
Type | 0.15—2.2/1000 

Type Il 1 in 25,000 

Type Ill Extremely rare 

Type IV 1 in 10,000 

Mode of Inheritance 

Autosomal dominant 

with incomplete 

Comment 

10 times more 

common in blacks 

Autosomal dominant 

Sporadic 

penetrance M:F ratio 1.5:1 

Autosomal dominant No racial 
predisposition 

M>F 

Reported with 

prenatal hydantoin 

exposure 

Autosomal dominant 

Autosomal dominant 

the process of apoptosis influence the develop- 

ment of limb buds and an alteration in any of 

these steps can result in abnormal development 

and number of digits. Loss or modifications of 

several ligands, receptors, and transcription 

factors have been identified to cause different 

limb abnormalities.°’ 

> CLINICAL PRESENTATION 

An extra digit in the hand or foot can range from 

a small nubbin to a complete duplication of one 

or several digits. Based on the location of the ex- 

tra digit, polydactyly can be classified as postax- 

ial if the fifth digit is duplicated; preaxial if the 

thumb or big toe is duplicated; and mesoaxial or 

central polydactyly, if there is duplication of the 

second, third, or fourth digit. Polydactyly is con- 

sidered isolated if there are no other associated 

congenital malformations. Mixed polydactyly 

refers to the condition in which both pre- and 

postaxial polydactyly are present in the same in- 

dividual. The term crossed polydactyly is used 

when. postaxial polydactyly in one limb is com- 

bined with preaxial polydactyly in another. 

Preaxial polydactyly is usually type I in these 

cases and is usually associated with other limb 

anomalies such as, syndactyly. Crossed poly- 

dactyly is very rare and can also occur either as 

an isolated finding or as a part of syndrome. The 

term synpolydactyly or polysyndactyly is used to 

describe the presence of both syndactyly and 

polydactyly in the same patient. 

Postaxial polydactyly indicates the presence 

of an extra digit on the ulnar/fibular side of the 

limb and is significantly more common than 

preaxial or mesoaxial polydactyly. In a review 

of nearly 7000 polydactyly cases, almost 75% of 

the cases had postaxial polydactyly.® Postaxial 

polydactyly is more common in hands (76% of 

isolated postaxial polydactyly cases) followed 

by feet (16%) and is noted in both hands and 

feet in about 8% of cases.® It is frequently bilat- 

eral and affects the left side about twice as of- 

ten as the right side. Postaxial polydactyly may 

be isolated or part of a syndrome. The incidence 

of associated congenital defects is highest in in- 

fants with postaxial polydactyly of both upper 

and lower extremities and lowest in infants with 

isolated ulnar polydactyly. The high incidence 

of isolated postaxial polydactyly in black infants 

is primarily due to a higher incidence of ulnar 

polydactyly which is often bilateral while the in- 

cidence of fibular polydactyly among blacks ap- 

pears to be comparable to other races. 



Temtamy and McKusick defined two types of 
postaxial polydactyly; type A is a fully developed 
sixth digit which articulates with either the fifth 
or sixth metacarpal/metatarsal, and type B is a 
poorly developed, rudimentary, frequently 
pedunculated digit with no bony connection to 
the fifth metacarpal/metatarsal.’ Postaxial type B 

polydactyly is bilateral in most cases, has a strong 

family history and is rarely associated with other 

congenital malformations.”'°'! Infants born in a 

family with history of type A postaxial polydactyly 
can present with either type A or type B poly- 

dactyly but infants born in families with history 

of type B polydactyly only will not have type A 

polydactyly. 

Another classification of ulnar polydactyly 

describes the following five types: type I cuta- 

neous nubbin; type II pedunculated digit; type III 

articulating digit with fifth metacarpal; type IV 

fully developed digit with sixth metacarpal; and 

type V polysyndactyly.’ Based on this classifi- 

cation, type II is the commonest and types I and II 

together account for nearly 80% of the cases and 

are more common among blacks. Type IV is the 

least common and type III, IV, and V occurred 

more frequently among Caucasians. 
Preaxial polydactyly is characterized by du- 

plication of thumb or hallux. The overall inci- 

dence of preaxial polydactyly and isolated 

preaxial polydactyly were reported to be 0.24 

and 0.21 per 1000 births respectively in South 

America.’ The thumb involvement is almost 

seven times more common compared to the 

hallux. The preaxial polydactyly of both hand and 

feet is usually unilateral with a preponderance 

of males and right sidedness.”'* Temtamy and 
McKusick subdivided preaxial polydactylies into 

the following four types.’ Type I was defined as 

partial or complete duplication of a biphalangeal 

thumb; type II is defined as presence of a usu- 

ally opposable but triphalangeal thumb with or 

without additional duplication of thumb or hallux; 

type III, is characterized by duplication of the 

index finger with or without an additional bipha- 

langeal or triphalangeal thumb which may or may 

not be opposable; and type IV shows variably 
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mild degrees of thumb duplication and variable 

syndactyly of fingers/toes. Type I has further 

been divided in six subtypes, depending on the 

level of a duplication considering bony anatomy. 

In a study of infants with preaxial polydactyly 

from South America, 15% were reported to be 

familial.'* There were one or more affected rel- 

atives in 14% of thumb/hallux duplication cases 

(type D, in 33% of polysyndactyly (type IV) 

cases, in 60% of triphalangeal thumb case (type ID, 

and in 100% of both thumb and hallux duplica- 

tion cases. The pedigrees in all subtypes were 

compatible with autosomal dominant inheritance 

with variable penetrance. 

Mesoaxial or central polydactyly refers to 

duplication of the index, middle, and ring fin- 

gers. Often the extra digit is concealed in a web 

between adjoining normal digits. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

In two large epidemiological analyses from South 

America and China, polydactyly was reported to 

be an isolated finding in 85% and 88% of the cases 

respectively.”'* The associated malformations 

were noted in 55% of infants with rare polydactyly, 
which included all infants with polydactyly after 

excluding postaxial hexadactyly and preaxial 

type I hexadactyly. The associated malforma- 

tions are least common in infants with postaxial 

polydactyly (12%).'* The likelihood of an asso- 

ciated anomaly is higher in a Caucasian infant 

with polydactyly and is lowest in a black infant 

with type B postaxial polydactyly. An associated 

limb defect with no other organ involvement 

was reported in 5% of the cases and syndactyly 

accounted for nearly half of these associated limb 

anomalies. Nearly 10-15% of all infants with poly- 

dactyly have anomalies of other organ systems 

and two-thirds of these are identified as part of an 

identifiable syndrome with a recognized patho- 

genetic entity and the remaining infants had mul- 

tiple congenital anomalies without a recognized 

common cause.'* Many different anomalies of all 
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major organ systems have been reported in asso- 

ciation with polydactyly (Table 43-2). Based on 

an in-depth analysis of nearly 6000 cases of poly- 

dactyly, Castilla et al concluded that polydactylies 

are rarely associated with other congenital anom- 

alies except in recognizable syndromes but the 

only significant positive association was noted be- 

tween preaxial type I polydactyly and esophageal 
13 

A total of 119 disorders (97 syndromic and 

22 nonsyndromic) are reported to have polydactyly 

> TABLE 43-2 Congenital Malformations 

Associated with Polydactyly 

Associated Limb Anomalies 

Syndactyly 

Hypoplasia or aplasia of long bones 

Nail dystrophy 
Amelia 

Central Nervous System 

Hydrocephalus 

Microcephaly 

Spina bifida 

Cardiovascular 

Ventricular septal defect 

Atrial septal defect 

Conotruncal defects 

Gastrointestinal 

Esophageal atresia 

Duodenal atresia 

Malrotation 

Imperforate anus 

Abdominal wall defects 

Genitourinary 

Renal agenesis 

Polycystic kidney 

Hydronephrosis 

Others 

Diaphragmatic hernia 

Cleft lip and palate 
Anophthalmia 

Microtia 

as a feature.‘* Table 43-3 summarizes the common 

syndromes seen in association with pre- and post 

axial polydactyly. Of 338 syndromic polydactyly 

cases, 255 (75%) were part of the following three 

syndromes: trisomy 13 (167 cases), Meckel-Gruber 

syndrome (57 cases), and Down syndrome (31 

cases).'° Triphalangeal thumbs are frequently 

part of Holt-Oram syndrome and Fanconi pan- 

cytopenia syndrome. 

> EVALUATION 

Detailed family history and physical examina- 

tion for other associated malformations should 

be performed in all infants-with polydactyly. 

Infants with type B postaxial polydactyly with a 

positive family history and/or black ethnicity, 

and no evidence of other anomalies on physi- 

cal examination do not require any further work 

up. An x-ray of hands/feet should be done in all 

other infants with polydactyly to accurately de- 

fine the malformation. The decision to perform 

imaging studies of other organ systems and a 

karyotype should be based on the findings of 

physical examination and the type of poly- 

dactyly. Computed tomography (CT)/magnetic 

resonance imaging (MRD), arteriography of the 

affected hand/foot may be necessary in some 

cases prior to surgical repair. Complete blood 

counts and additional workup should be con- 

sidered for infants suspected to have Fanconi 

pancytopenia syndrome, a complex recessive 
disorder associated with bone marrow failure, 

and predisposition to malignancies in addition 

to diverse congenital anomalies. Since the early 

diagnosis of Fanconi pancytopenia syndrome is 

important for genetic counseling and early ther- 

apeutic interventions in affected families, it is 
proposed that chromosomal breakage studies 
for the diagnosis of Fanconi pancytopenia 
syndrome should be performed in all patients 
suspected or diagnosed as having this disorder. 
A genetic consult may be helpful in infants with 
associated malformations and in infants with 
rare polydactylies. 



heart defects, rocker bottom feet, microcephaly, 

genital anomalies 
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> TABLE 43-3 Syndromes Associated with Polydactylies 

Syndrome Other Common Clinical Features Etiology 

Bardet-Biedl syndrome Postaxial polydactyly, syndactyly, hypogonadism, Autosomal 
retinal dystrophy recessive 

Carpenter syndrome Brachycephaly, hypoplastic maxilla/mandible, corneal Autosomal 
opacity, syndactyly, camptodactyly, cardiac defects, recessive 

cryptorchidism, postaxial polydactyly 
Ellis-Van Creveld Short distal extremities, polydactyly, nail hypoplasia, Autosomal 
syndrome neonatal teeth, atrial septal defect recessive 
(Chondroectodermal 

dysplasia) 

Fanconi pancytopenia Short stature, microcephaly, eye anomalies, Autosomal 
syndrome radial ray defects in upper limbs, recessive 

pancytopenia, brownish pigmentation of skin, 

cardiac, Gl and CNS anomalies 

Greig cephalopolysyndactyly Pre and postaxial polydactyly, frontal bossing, Autosomal 

syndrome broad thumb, mild ventriculomegaly, dominant 

craniosynostosis 

Holt-Oram syndrome Thumb anomalies and other skeletal anomalies of Autosomal 

(Cardiac-Limb syndrome) upper limbs, ostium secundum atrial septal defect dominant 

and other cardiac defects, narrow shoulders, 

hypertelorism, vertebral anomalies, absent 

pectoralis major 

Meckel-Gruber syndrome Occipital encephalocele, polydactyly, cleft lip Autosomal 

and/or palate, microphthalmia, ambiguous genitalia, recessive 

IUGR, microcephaly, cryptorchidism, cardiac defects 

Oral-facial-digital syndrome, | Lobulated tongue, oral frenulae and clefts, hypoplastic X-linked 

type | alae nasi, digital anomalies, agenesis of dominant 

corpus callosum 

Pallister-Hall syndrome IUGR, hypothalamic harmartoblastoma, Autosomal 
ear anomalies, laryngeal cleft, lung agenesis, dominant 

syndactyly, polydactyly, anal anomalies, 

heart defects 

Short rib-polydactyly Phocomelia, metaphyseal dysplasia, postaxial Autosomal 

syndrome, type | polydactyly, syndactyly, cardiac defects, recessive 

(Saldino-Noonan type) imperforate anus 

Short rib-polydactyly Short ribs and limbs, cleft lip and palate, pulmonary Autosomal 

Syndrome, type II hypoplasia, hypoplasia of epiglottis and larynx, recessive 

(Majewski type) pre-/postaxial polydactyly 

Smith-Lemli-Opitz Growth retardation, mental deficiency, microcephaly, Autosomal 

syndrome syndactyly, genital abnormalities, anteverted nostrils recessive 

Trisomy 13 Holoprosencephaly, microphthalmia, cyclopia, Trisomy 

microcephaly, cleft lip and palate, heart defects, 

IUGR, genital abnormalities 

Trisomy 18 IUGR, low-set malformed ears, clenched hand, Trisomy 

(Continued) 
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> TABLE 43-3 Syndromes Associated with Polydactylies (Continued) 

Syndrome Other Common Clinical Features Etiology 

Trisomy 21 Hypotonia, brachycephaly, brushfield spots in iris, Trisomy 

short metacarpal and phalanges, simian creases, 

cardiac defects, loose skin folds, hyperlaxity of joints, 

flat facial profile with upslanting palpebral fissures 

and inner epicanthal folds 

Townes-Brocks syndrome Ear anomalies, thumb anomalies, anal malformations, | Autosomal 

microcephaly, cardiac defects, duodenal atresia, dominant 

syndactyly 

Gl, gastrointestinal; CNS, central nervous system; IUGR, intrauterine growth retardation. 

> MANAGEMENT AND PROGNOSIS 

The goals of treatment are improved function, 

appearance, and social acceptance. All preaxial, 

mesoaxial, and type A postaxial polydactyly re- 

quire surgical correction and should be referred 

to a surgeon with experience in hand recon- 

struction surgery. The treatment of type B,postaxial 

polydactyly is relatively simple but less well- 

defined. Ligation of these digits in the nursery 

has been a frequently used treatment and was 

reported to be simple, safe, and effective by 

Watson et al.'° However, nearly 40% of their 

patients had a residual bump but all parents 

were satisfied with the cosmetic result.’° In 

another series, Rayan and Frey reported a 23.5% 

complication rate after ligation of ulnar poly- 

dactyly and the two main complications were 

tender or unacceptable nubbins and infections."! 

A survey of pediatricians and hand surgeons 

from United Kingdom reported that 79% of pe- 

diatricians and 67% of hand surgeons would rec- 

ommend referral of cases with postaxial type B 

polydactyly for specialist assessment and the re- 

mainder advocated ligation by the pediatrician 

in the nursery.’” Based on current evidence, lig- 

ation in nursery before discharge is reasonable 

only in infants with a very narrow pedunculated 

type B postaxial polydactyly. The ligation should 

be applied close to the normal skin and the 

family should be alerted for the possibility of 

complications such as infection, bleeding, and 

residual nubbins requiring subsequent surgical 

intervention. All other infants should be referred 

to a hand surgeon. 

> GENETIC COUNSELING 

The recurrence risk in siblings of an infant with 

isolated polydactyly with no family history is 

likely to be very low (<1%) but would range 

from 10% to 50% in the presence of a positive 

family history. This variability in recurrence risk 

is related to variable penetrance and expression 

in different family members. The recurrence risk 

in infants with an associated syndrome would 

depend on the mode of inheritance of that 

syndrome. 
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CHAPTER 44 

Syndactyly 
PRAVEEN KUMAR 

> INTRODUCTION 

Syndactyly (in Greek “Syn” means together, and 

“dactylos” means digit) is characterized by two or 

more fused fingers and toes. It is one of the most 

common congenital anomalies of hands and feet 

and can occur as an isolated malformation, in as- 

sociation with other malformations of the hands 

or feet, or as part of a multiple congenital anom- 

aly syndrome. 

> EPIDEMIOLOGY 

The overall prevalence of syndactyly is reported 

to be 3-5 per 10,000 births and the rate of iso- 

lated syndactyly is 1.3-2.2 per 10,000 births.’ 
Familial syndactyly is reported to constitute about 

10-40% of the total number of syndactyly cases.‘ 

Unlike polydactyly, the incidence of syndactyly 

is not higher among blacks but a slightly in- 

creased prevalence among non-Hispanic whites 

has been reported.* The male preponderance 

and higher prevalence rates in urban areas are 

similar to those reported with polydactyly.** 
Right and left sides as well as both upper and 

lower limbs are affected equally. Syndactyly is 

frequently bilateral, but involvement of both 

upper and lower limbs in the same patient is less 

common. A recent large population-based study 

reported an increased risk of congenital digital 
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anomalies, including syndactyly after maternal 

cigarette smoking during pregnancy.’ 

> EMBRYOLOGY 

In contrast to polydactyly, which is a duplication 

defect, syndactyly is a fusion of adjacent digits 

due to an intrauterine failure to separate. The de- 

velopment of an early limb bud into a complete, 

well-differentiated limb is under the control of 

three signaling centers: the apical ectodermal 

ridge, the zone of polarizing activity, and the 

Wingless-type (Wnt) signaling center.° These sig- 

naling centers function in a coordinated effort to 

ensure normal limb development. Failure of the 

apical ectodermal ridge has been shown to pro- 

hibit longitudinal interdigital necrosis between 

the digits which can result in syndactyly.° Muta- 

tions of fibroblast growth factor (FGF) receptors 

and alterations of transcription factor Msx-2 have 

also been implicated.’ 

> CLINICAL PRESENTATION 

Syndactyly of hands and feet can range from a 

small web between two digits to complete fu- 

sion of the bones and nails of all digits in 

hands/feet. Syndactyly is frequently bilateral. 

The most common site in the foot is between 
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the second and third toes, and the most com- 

mon site in the hand is between the middle and 

ring fingers. Syndactyly is considered “incom- 

plete or partial,” if fusion of the two or more 

digits involves only partial length of the fused 

digits and is considered “complete” if digits are 

united as far as the tip of the distal phalanx. 

“Simple” syndactyly involves only skin and soft 

tissue while syndactyly is considered “complex” 

if there is bony union of the involved digits. The 

distinction between simple and complex syn- 

dactyly can sometimes be made only on radi- 

ographs. Like polydactyly, syndactyly may be 

an isolated finding, or a component of a more 

complex congenital hand malformation or can 

be part of a generalized syndrome. The term 

“complicated syndactyly” has been used to de- 

fine complex cases that involve a mixture or 

collection of synostoses. The skin and subcuta- 

neous tissues are usually normal but an affected 

joints mobility may be reduced. Ligaments, ten- 

dons, nerves, and vessels are usually normal in 

cases with simple syndactyly but may be grossly 

abnormal in more complex cases. Temtamy and 

McKusick’s classification of syndactyly was ex- 

panded by Goldstein et al in 1994.° They pro- 

posed the following eight types of syndactylies. 

1. Syndactyly type I. This is also called Zy- 

godactyly and is characterized by cutaneous 

syndactyly of third and fourth fingers in the 

hand or second and third toe in the foot. It 

is frequently bilateral and could be either 

complete or partial. It is the most frequent 

type of isolated syndactyly. 

2. Syndactyly type IL. This is also called syn- 

polydactyly or polysyndactyly. It is character- 

ized by syndactyly of third and fourth finger 

with partial or complete duplication of third, 

fourth, or fifth finger in hand; and fusion of 

fourth and fifth toe with partial or complete 

duplication of fifth toe in the foot. Other sig- 

nificant hand anomalies can also be associated. 

3. Syndactyly type IM. This is rare and is char- 

acterized by bilateral or unilateral, variable 

cutaneous or osseous fusion of fingers 3-5. 

The middle phalanx of the fifth digit is fre- 

quently hypoplastic or absent. No abnor- 

malities of the feet are reported. Similar hand 

abnormalities have been described in pa- 

tients with the Oculo-dento-digital (ODD) 

syndrome. 

4, Syndactyly type IV. This is characterized 

by complete complex fusion of all digits. 

e IVa (Haas type). This includes patients 

with complete syndactyly of all digits of 

hands, including the thumb of one or 

both hands with or without associated 

polydactyly. Feet are not involved. 

e IVb. Patients are similar to [Va but also 

have complete fusion of all digits of one 

or both feet with or without associated 

polydactyly. 

Infants with Apert syndrome have type IV syn- 

dactyly in association with craniosynostosis. 

5. Syndactyly type V. This is characterized 

by fusion of fourth and fifth metacarpal or 

metatarsal on one or both sides with.a vari- 

able degree of syndactyly of fingers or toes. 

Associated polydactyly may or may not be 

present. Urogenital abnormalities have been 

reported in affected infants. 

6. Syndactyly type VI. Syndactyly type VI or 
complete syndactyly or mitten syndactyly is 

described as unilateral syndactyly of digits 2-5 

which could be mistaken for congenital ring 

constrictions. 

7. Syndactyly type VII. (Cenani-Lenz syn- 

drome). This is characterized by irregular 

synostosis of all bones of hands and feet with 

or without fusion of radius-ulna and tibia- 

fibula. 

8. Syndactyly type VIII. This is characterized 

by fusion of fourth and fifth metacarpal with 

no other abnormalities. 

The mode of inheritance for all types of iso- 
lated syndactylies is likely to be autosomal dom- 
inant with incomplete penetrance and variable 
expression with the exception of type VIII in 
which autosomal recessive transmission with 
variable expression is suggested. 



> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Associated anomalies are reported in nearly half 
of all cases with syndactyly.° A significant pro- 
portion of these associated anomalies are other 

malformations of hands, feet, and limbs and the 
majority of cases with other organ involvement 

are part of a syndrome. Musculoskeletal and 

craniofacial anomalies are most common fol- 

lowed by genitourinary anomalies. Recently, the 

association of syndactyly with long QT syndrome 

has been reported in both boys and girls. None of 

these cases had a positive family history of syn- 

dactyly and four of five cases in one report died 

suddenly at an early age which prompted the 

authors to recommend that all infants with syn- 

dactyly have a screening electrocardiogram 
(ECG) to rule out long QT syndrome.*”'° 

Syndactyly has been described as part of 

over 60 syndromes. A brief list of common syn- 

dromes frequently associated with syndactyly is 

provided in Table 44-1. 

> EVALUATION 

As in infants with polydactyly, a detailed family 

history and physical examination for other asso- 

ciated malformations should be performed in all 

infants with syndactyly. An x-ray of hands/feet 

should also be obtained in all infants to accu- 
rately define the extent and type of malformation. 

The decision to perform imaging studies of other 

organ systems and a karyotype should be based 

on the findings on physical examination and the 

type of syndactyly. No further workup may be 

necessary in infants with simple, isolated syn- 

dactyly. A genetic consult may be helpful in in- 

fants with associated malformations and sus- 

pected syndromic syndactyly. Only a handful of 

cases of syndactyly associated with long QT syn- 

drome have been reported and there are no cur- 

rent guidelines indicating whether an ECG should 

be done in all infants with syndactyly. However, 

it is important to be aware of this association and 
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to have a low threshold for obtaining an ECG 

with or without cardiac echo in these infants.*?'° 

Computed tomography (CT)/magnetic resonance 

imagimg (MRD, and arteriography of the affected 

hand/foot may be necessary prior to surgical 
repair. 

> MANAGEMENT 

The goals of management are improved func- 

tion, appearance, and social acceptance. Iso- 

lated simple syndactyly of feet does not cause 

any functional problems and usually does not 

require repair. Timing for surgical intervention 

in infants with syndactyly of the hands is gener- 

ally between 6 and 18 months of age and should 

be performed by a surgeon with experience in 

hand reconstruction surgery for optimal results. 

The prognosis is poorer when surgery is delayed 

beyond age 2 years because the cerebral cortex 

patterns of hand use will need to be retrained."’ 

Complexity of the syndactyly and the presence 

of other congenital abnormalities of the hand 

also predict poorer outcomes.'' Many patients 

with complex and complicated syndactyly will 

require several procedures to achieve a func- 

tional hand. The most common complications 

are scar formation and web creep and the most 

serious complication is necrosis of the digit sec- 

ondary to vascular compromise. Appropriate 

management of associated anomalies in cases 

with syndromic syndactyly is equally important. 

> GENETIC COUNSELING 

The recurrence risk in siblings of an infant with 

isolated syndactyly with no family history is likely 

to be very low (<1%) but would range from 10% 

to 50% in the presence of a positive family his- 

tory. This variability in recurrence risk is related to 

variable penetrance and expressivity in different 

family members. The recurrence risk in infants 

with an associated syndrome would depend on 

the mode of inheritance of that syndrome. 



> TABLE 44-1 Syndromes Associated with Syndactyly 

Syndrome Other Common Clinical Features Etiology 

Apert syndrome 

Carpenter syndrome 

Ectrodactyly-ectodermal 

dysplasia-clefting 

syndrome 

(EEC syndrome) 

Fraser syndrome 

Goltz syndrome 

Greig 
Cephalopolysyndactyly 

syndrome 

Holt-Oram syndrome 

(Cardiac-Limb 

syndrome) 

Oculodentodigital 
syndrome 

Oral-facial-digital 

syndrome 

Pfeiffer syndrome 

Poland sequence 

Smith-lemli-opitz 

syndrome 

Triploidy syndrome 

Craniosynostosis, agenesis of corpus callosum, 

midfacial hypoplasia, pulmonary agenesis, 

cardiac defects, genitourinary anomalies, 

esophageal atresia, and tracheoesophageal 

fistula 

Brachycephaly, hypoplastic maxilla/mandible, 

corneal opacity, syndactyly, camptodactyly, 

cardiac defects, cryptorchidism, postaxial 

polydactyly 

Fair and thin skin, light colored sparse hair, 

hypoplastic nipples, teeth anomalies, cleft lip 

with or without cleft palate, limb anomalies, 

cryptorchidism, holoprosencephaly 

Cryptopthalmos, hypoplastic notched nares, 

genital anomalies, laryngeal stenosis 

or atresia, renal hypoplasia or agenesis, 

microcephaly, cleft lip 

Poikiloderma with focal dermal hypoplasia, 

sparse and brittle hair, dystrophic nails, 

syndactyly and other anomalies of 

hand/feet, eye colobomas, heart defects, 

horseshoe kidney 

Pre- and postaxial polydactyly, frontal 

bossing, broad thumb, mild ventriculomegaly, 

craniosynostosis 

Thumb anomalies and other skeletal anomalies 

of upper limbs, ostium secundum atrial septal 

defect and other cardiac defects, narrow 

shoulders, hypertelorism, vertebral anomalies, 

absent pectoralis major 

Micropthalmos, hypoplastic nares, camptodactyly 

of fifth fingers, microcephaly, cataract, 

glaucoma, cleft lip and palate 

Multiple frenuli, median cleft lip, cleft palate, 

asymmetric shortening of digits, agenesis 

of corpus callosum, heterotopia of gray matter 

Craniosynostosis, brachycephaly, hypertelorism, 

broad thumb and toes, choanal atresia, 

hydrocephalus 

Hypoplasia of pectoralis major muscle, nipple 

and areola, hemivertebrae, renal anomalies, 

dextrocardia, limb reduction defects of 

upper limb 

Growth retardation, mental deficiency, 

microcephaly, genital abnormalities, 

anteverted nostrils, renal agenesis 

Large placenta with hydatidiform changes, 

intrauterine growth retardation, omphalocele, 

club feet, cardiac defects, hydrocephalus, 

holoprosencephaly, genitourinary anomalies 
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Autosomal dominant 

Autosomal recessive 

Autosomal dominant 

Autosomal recessive 

X-linked dominant 

or sporadic 

Autosomal dominant 

Autosomal dominant 

Autosomal dominant 

X-linked dominant 

Autosomal dominant 

Unknown 

Autosomal recessive 

Chromosomal 

anomaly 

(69XXY or 

46XX/69XXY) 
ene ene nen ee cen sameness tent enone eee Bln 
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GEAR DER 45 

Limb Reduction Defects 
PRAVEEN KUMAR 

> INTRODUCTION 

Limb reduction defects (LRD), also known as 

congenital limb deficiency (CLD), are a diverse 

group of birth defects which are characterized 

by congenital absence of either part or all of one 

or more limbs. These rare but very visible con- 

genital malformations are potentially devastating 

for both patients and parents since they can have 

significant adverse impact on everyday function 

and quality of life. These defects can present as 

either isolated malformations or as part of a com- 

plex of multiple congenital anomalies due to 

syndromes, sequences, and associations. 

Many different classification systems have 

been proposed to describe limb reduction de- 

fects which pose considerable difficulty in com- 

paring data from different studies. Frantz and 

O’Rahilly proposed a classification system in 

1961 which is still widely used and is particularly 

helpful in describing longitudinal deficiencies.’ 

They first divided all limb deficiencies into either 

terminal or intercalary deficiencies. Terminal de- 

ficiencies are those in which all skeletal elements 
are absent beyond a given point; intercalary de- 

ficiencies are characterized by absence of the 

proximal or middle segment of a limb with all or 

part of the distal segment being present. Both 

terminal and intercalary deficiencies can be fur- 

ther subdivided into either transverse or paraxial 

defects. In a transverse defect, the entire width 
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of a limb is affected while in a paraxial defect ei- 

ther the preaxial or postaxial part of the limb is 

involved. In 1991, the International Standards 

Organization USO) and the International Society 

for Prosthetics and Orthotics (SPO) proposed a 
new classification to improve consistency. In this 

classification, all limb deficiencies were divided 

into either transverse or longitudinal and missing 

bones were described as either complete or par- 

tial. Many studies have used the following EU- 

ROCAT (a European network of population-based 

registries for the epidemiologic surveillance of 

congenital anomalies) classification which assigns 

each limb reduction defect to one of the follow- 

ing six categories: 

1. Terminal transverse: absence of all distal 

structures of the affected limb; the proximal 

structures can be normal or deficient. The 

following types are included: 

a. Ectrodactyly: total or partial absence of 

all phalanges, metacarpals/metatarsals, 

or full hands/feet. 
b. Amelia: total absence of entire extremity. 

. Hemimelia: total absence of entire fore- 

arm/foreleg and hand or foot irrespective 

of the presence of digit-like structures at 

the end of the limb. 
. Intercalary: absence or severe hypoplasia 

of the proximal part of the limb with hand 

or foot normal or near normal. 
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3. Preaxial longitudinal: absence or hy- 

poplasia of preaxial (radial/tibial) part of 

the limb. 

4, Postaxial longitudinal: absence or hy- 

poplasia of postaxial Culnar/fibular) part of 

the limb. 
5. Split hand/foot: longitudinal terminal defi- 

ciency of rays, often associated with syndactyly. 

a. Typical split hand/foot: a cone-shaped 

cleft tapering and dividing the hand/foot 

into two parts; absence or hypoplasia of 

central ray (second, third, and fourth 

fingers/toes); the phalanges or metacarpal/ 

metatarsal of the central rays may be 

missing or reduced. 

b. Monodactyly: merely one finger (defi- 

ciency of four fingers) in either hand or 

foot. 

6. Multiple type of reduction defects: in- 
clude infants with different types of limb re- 

duction defects in one limb or different limbs. 

> EPIDEMIOLOGY/ETIOLOGY 

The overall prevalence of limb reduction de- 

fects is reported to vary from 2.5 to 7.06 per 
10,000 births in several population-based reg- 

istries.~-’ These variations in the reported 

prevalence are probably related to differences 

in definitions, case ascertainment, inclusion of 

stillbirths and pregnancy termination in some 

studies; and effect of environmental/genetic fac- 

tors. In a study of nearly three million newborn 

infants from South America, Castilla et al re- 

ported the overall prevalence rate of limb re- 

duction defects as 4.91 per 10,000 live births 

and 26.73 per 10,000 for stillbirths.? Nearly 40% 

of live births and 80% of stillbirths with limb re- 

duction defects had associated congenital mal- 

formations.” Since the thalidomide tragedy in 

the early 1960s, no significant changes in the 

prevalence over time have been reported in 

most studies.*“ Infants with limb reduction de- 
fects are likely to have lower birth weight, 

lower gestational age, and intrauterine growth 

restriction (IUGR). These differences are more 

prominent in infants with limb reduction defects 

and other associated malformations.*°” No sex 

differences were reported in most studies but a 

slight male preponderance has been reported 

by others. In a report from China, the preva- 

lence of limb reduction defects in rural areas 

was reported to be significantly higher than in 

urban areas.’ Other reported risk factors are 

vaginal bleeding and threatened abortion in the 

index pregnancy.”'” A history of skeletal anom- 
alies among first degree relatives is reported in 

6.5-7.2% of all patients with limb reduction de- 

fects.””'' The relationships between maternal 
age, ethnicity, and risk of limb reduction defects 

have not been consistent. 

Limb reduction defects are a diverse group 

of birth defects which could be a result of errors 

in the genetic control of limb development, dis- 

ruption of normal development by a teratogen, 

or intrauterine amputation of a normally devel- 

oping limb.” McGuirk et al reported that the ap- 

parent causes of limb reduction defects in their 

population were genetic or teratogenic in 34%, 

vascular disruption in 35%, and unknown in the 

remaining 32% of the cases.* Chromosomal ab- 

normalities have been reported in 6-13% of cases 

and single gene disorders have been identified 

in 15—43% of cases in other studies.*°1!!? Am- 

niotic disruption sequence was reported as sin- 

gle most common cause of limb reduction 

defects by Evans et al.* A significant proportion 

of all limb reduction defects occur sporadically 

and no specific cause can be ascertained in many 

of these cases. 

An increased incidence of limb reduction 

defects has been reported among infants of dia- 

betic mothers, and after intrauterine exposure to 

alcohol, misoprostol, warfarin, phenytoin, val- 

proic acid, and retinoic acid, but none of these 

associations have been proven conclusively. !*!4 

A higher incidence of limb reduction defects is 

observed in infants born to mothers who have 

undergone chorionic villous sampling in early 
pregnancy with the highest risk observed when 
procedures were performed prior to nineth 
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completed week of gestation.'®'° Periconcep- 
tional multivitamin use has been reported to 
reduce the risk for limb deficiency and this pro- 
tective effect was mainly for transverse limb 
deficiency.'” 

> EMBRYOLOGY 

The limbs begin to appear toward the end of the 

fourth week as small elevations of the ventrolat- 

eral body wall. The upper limb bud develops 

about 2 days before the lower limb buds. The tis- 

sues of the limb buds are derived from two main 

sources: somatic mesoderm and ectoderm. The 

interaction of apical epidermal ridge (AER) with 

the underlying undifferentiated mesoderm is re- 

sponsible for limb development in a proximal to 

distal direction. Suppression of limb develop- 

ment during the fourth week results in complete 

absence of a limb/limbs and results in amelia. Ar- 

rest or disturbance of differentiation or growth of 

the limbs over next 2 weeks can result in other 

limb reduction defects. All parts of the upper and 

lower limbs are essentially completely formed by 

eighth week of gestation. However, it is impor- 

tant to remember that certain limb reduction 

defects such as amniotic band disruption se- 

quence can occur after normal limb development. 

> CLINICAL PRESENTATION 

Most large studies of limb reduction defects 

have shown that upper limb defects are more 

common than lower limb defects (60-80% versus 
25-40%).7"*?!! This preponderance of upper 

limb involvement is more striking in isolated 

cases and the frequency of lower limb involve- 

ment increases in infants with other non-limb 

congenital malformations. '* About 15-20% of 
cases have both upper and lower limbs in- 

volvement.*”''° Overall unilateral involvement 

is more common but bilateral involvement is 

more common in infants with other organ anom- 

alies.24 An increased incidence of right sided 

defects has been reported in some studies and 

this difference is particularly significant in cases 

with longitudinal preaxial defects. 

Lin et al in 1993 reported that terminal trans- 

verse defect was the most frequent type of limb 

reduction defect (35.1%), followed by split limbs 

(26.2%), longitudinal (25.1%), intercalary (9.6%), 

and multiple types (4.1%).7 However, more re- 

cent data indicate that longitudinal defects are 

more common.*”!? In >9000 infants with limb 

reduction defects, longitudinal hand reductions 

were most frequent, accounting for 46.4% of 

upper limb defects and 27.2% of all limb de- 

fects.° Longitudinal toe reductions were the most 

common finding among newborns with lower- 

limb deficiencies. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Additional congenital malformations of other 

organs are reported in 30-50% of all infants with 

limb reduction defects.4°111%7° However, a 

higher incidence of nearly 80% has been re- 

ported among stillbirths with limb reduction 

defects.**' Longitudinal preaxial limb defects 

are the most common limb reduction defects in 

infants with associated anomalies.*7” 

Additional malformations are commonly 

seen in infants with proximal terminal trans- 

verse defects (amelia, rudimentary limb), longi- 

tudinal preaxial defects (radial/tibial defects) 

followed by intercalary and split hand-foot de- 

fects. Additional malformations are rarely seen 

in infants with distal terminal transverse defects 

and longitudinal postaxial or ulnar-fibular 

defects.* Major anomalies in three or more sys- 

tems are more common in cases of rudimentary 

limb and radial/tibial defects.* Additional mal- 

formations of cardiovascular, craniofacial, geni- 

tourinary, central nervous system (CNS), and 

gastrointestinal (GD tract have been reported. 

Table 45-1 summarizes the various malforma- 

tions frequently seen in association with differ- 

ent types of limb reduction defects. The most 

common anomalies seen in infants with limb 
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> TABLE 45-1 Congenital Malformations in Associations with Different Limb Reduction Defects 

Limb Defect 

Transverse 
e Amelia & rudimentary limb 

Associated Congenital Malformations 

Gastroschisis, anorectal atresia, omphalocele unilateral renal 

agenesis, anencephaly/encephalocele cleft lip, diaphragmatic 

hernia, craniofacial defects 

e Others Micrognathia and other craniofacial defects 

Longitudinal 

e Preaxial 

e Unilateral VACTERL association anomalies, facial, auricular, vertebral 

anomalies 

e Bilateral VACTERL association anomalies 

Hydrocephalus 

Cleft lip 

¢ Postaxial Hypospadias 

¢ Central Axis EEC Syndrome anomalies, 

Oro-mandibular and limb anomaly, 

Hydronephrosis 

Encephalocele 

Intercalary Omphalocele 

Multiple ‘Craniofacial defects 

Axial skeleton defects 

reduction defects are cryptorchidism, ventricu- 

lar septal defect, cleft lip with or without cleft 

palate, club feet, syndactyly, renal agenesis, im- 

perforate anus, and hydrocephalus.* A renal 

anomaly is reported to be present in about 8% 

of all cases of limb reduction defects and in 25% 

of infants with limb reduction defects and one or 

more congenital anomaly of other organs.*? 

Twenty-five percent of these cases have VAC- 

TERL (vertebral, anal, cardiac, tracheal, 

esophageal, renal, and limb) association and the 

etiological diagnosis remain unknown in 50%, In- 

fants with limb reduction defects and other asso- 

ciated congenital anomalies have a significantly 

higher perinatal mortality rate and the risk of death 

is reported to be highest among infants with preax- 

ial radial defects and humerus defects.*" 

About 15-30% of all cases with limb reduction 

defects and 35-50% of all cases with limb reduc- 
tion defects with congenital anomalies of other 

organs have a recognizable syndrome. Trisomy 

18 followed by Trisomy 13 and 21 are the most 

common chromosomal abnormalities reported 

in infants with limb reduction defects. The most 

commonly encountered syndromes and associa- 

tions seen in these infants are Holt-Oram, 

Ectrodactyly-ectodermal dysplasia-clefting (EEC), 

Thrombocytopenia-absent-radius (TAR) syn- 

drome, and VACTERL association. Table 45-2 

summarizes other commonly associated syn- 

dromes seen in infants with limb reduction de- 

fects. The presence of congenital malformations 

of other organs, preaxial defects of upper limb, 

bilateral limb involvement, and male gender are 

factors that predict a high likelihood of an asso- 

ciated syndrome in these infants.7*?7 

> EVALUATION 

A detailed family history, pregnancy history, 

and complete physical examination for accurate 

evaluation of the limb defects and other associ- 
ated malformations are important first steps in 
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Syndrome Other Common Clinical Features Etiology 

Adams-Oliver syndrome 

CHILD syndrome 

Cornelia de Lange 

syndrome 

Ectrodactyly-ectodermal 

dysplasia-clefting 

syndrome 

(EEC syndrome) 

Fanconi pancytopenia 

syndrome 

Goltz syndrome 

Gerbe syndrome 

Holt-Oram syndrome 

(Cardiac-Limb 

syndrome) 

MURCS association 

Nager syndrome 

Poland sequence 

Roberts-SC phocomelia 

Thrombocytopenia— 

absent radii syndrome 

(TAR syndrome) 

VACTERL association 

Mild |UGR, aplasia cutis congenita, encephalocele, 

microcephaly, variable degree of terminal transverse 

defects of limbs, cleft lip and palate, cardiac defects 

Congenital hemidysplasia, icthysiform erythroderma, 

limb defects, mild |UGR, cardiac defects, renal 

agenesis, cleft lip 

IUGR, weak growling cry, synophrys, 

microbrachycephaly, long philtrum, thin upper lip, 

micrognathia, micromelia, phocomelia, cryptorchidism 

Fair and thin skin, light colored sparse hair, hypoplastic 

nipples, teeth anomalies, cleft lip with or without 

cleft palate limb anomalies, cryptorchidism, 

holoprosencephaly, renal agenesis 

Short stature, microcephaly, eye anomalies, radial ray 

defects in upper limbs, pancytopenia, brownish 

pigmentation of skin cardiac, GI and CNS anomalies 

Poikiloderma with focal dermal hypoplasia, sparse and 

brittle hair, dystrophic nails, syndactyly and other 

anomalies of hand/feet, eye colobomas, heart defects 

Marked distal limb reduction, short stature 

Thumb anomalies and other skeletal anomalies of upper 

limbs, ostium secundum atrial septal defect and other 

cardiac defects, narrow shoulders, hypertelorism, 

vertebral anomalies, absent pectoralis major 

Miullerian duct aplasia, renal aplasia, cervicothoracic 

somite dysplasia, upper limb defects, deafness, 

craniofacial anomalies 
Malar hypoplasia, radial limb anomalies, micrognathia, 

ear anomalies, cleft lip, hypoplasia of larynx or 

epiglottis 

Hypoplasia of pectoralis major muscle, nipple and 

areola, hemivertebrae, renal anomalies, dextrocardia, 

limb reduction defects of upper limb 

Hypomelia limb reduction defects of both upper and 

lower limbs midfacial defects such as cleft lip and 

palate, microcephaly, severe |UGR, cryptorchidism, 

eye anomalies 
Bilateral absence of radius, variable abnormalities of 

ulna and lower limbs, thrombocytopenia, anemia, 

cardiac defects 

Vertebral, anal, cardiac, tracheal, esophageal, renal, and 

fimb anomalies, single umbilical artery, spinal 

dysraphia, genital abnormalities 

Autosomal 

dominant 

X-linked 

dominant 

Autosomal 

dominant 

Autosomal 

dominant 

Autosomal 

recessive 

X-linked 

dominant 

and 

sporadic 

Autosomal 

recessive 

Autosomal 

dominant 

Unknown 

Autosomal 

dominant, 

Autosomal 

recessive 

in some 

families 

Unknown 

Autosomal 

recessive 

Autosomal 

recessive 

Unknown 

IUGR, intrauterine growth retardation; Gl, gastrointestinal; CNS, central nervous system. 
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all infants with limb reduction defects. A family 

history of limb defects as well as history of any 

other congenital malformations is important be- 

cause of the possibility of variability in pheno- 

typic expression in cases affected by the same 

syndromes. A maternal history of threatened 

abortion, vaginal bleeding, physical trauma, ex- 

posure to a teratogen, and chorionic villous 

sampling in the index pregnancy is particularly 

important in these cases. A complete physical 

examination may also provide clues to the di- 

agnosis of amniotic band sequence. Radiograph 

of the affected limbs as well as apparently nor- 

mal limbs may help in accurately defining the 

extent and type of defect. No further workup 

may be necessary in an infant with a unilateral, 

isolated postaxial longitudinal, or distal trans- 

verse defect with a negative family history and 

otherwise normal physical examination. Simi- 

larly, an extensive work-up may not be indi- 

cated in infants suspected to have amniotic dis- 

ruption sequence.**7 In contrast, imaging studies 

of other organ systems such as renal/cranial ultra- 

sound, echocardiogram, and karyotype should be 

strongly considered in all infants with bilateral 

limb involvement, preaxial defects, and in pres- 

ence of congenital anomalies of other organ 

systems. A complete blood count and periph- 

eral smear should be obtained in all infants with 

radial defects. The diagnosis of Fanconi pancy- 

topenia syndrome should be considered in in- 

fants with longitudinal preaxial defects of the 

upper limb and chromosome breakage studies 

for this disorder should be considered in all 

cases suspected to have this serious disorder. A 

genetic consult may be necessary in infants with 

associated malformations and suspected syn- 
dromic defects. 

> MANAGEMENT AND PROGNOSIS 

The goals of treatment are improved function, ap- 

pearance, and social acceptance. The judicious use 

of prostheses with or without any surgery is the 

mainstay of treatment but psychosocial support 

for the patient and parents are equally important. 

Early introduction of prosthesis is vital for nor- 

mal development of the child and is recom- 

mended at about 6 months of age for a child with 

upper limb deficiency and by about 12 months 

of age for many lower limb deficiencies. 

A higher perinatal and infant mortality rates 

have been reported in infants with limb reduc- 

tion defects.*1"'° These studies have reported a 
mortality rate of 5—13% for all limb reduction de- 

fect cases and 21-56% for those with associated 

malformations.* Risk of death is highest among 

infants with defects of humerus and preaxial 

longitudinal defects; and is related to their as- 

sociation with other anomalies and syndromes. 

Most patients with isolated limb reduction de- 

fects have a normal life span. 

> GENETIC COUNSELING 

There is very limited data on recurrence risk in 

subsequent pregnancies. Stoll et al reported a 

recurrence risk of about 3% while no recurrence 

among sibs was observed in a large study from 

Italy.°° In another large population-based study 

from Norway, children born to a mother with 

limb defect had a relative risk of 5.6 of having 
the same defect as the mother and this relative 

risk is much lower than the relative risk seen in 

mothers with cleft lip and palate and is similar 

to the risk observed for clubfoot.** The recur- 
rence risk in infants with associated syndromes 

would depend on the mode of inheritance of 
that syndrome. 
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CHAPTER 46 

Skeletal Dysplasias 
PRAVEEN KUMAR 

> INTRODUCTION 

Skeletal dysplasias, also known as osteochon- 

drodysplasias, refer to a group of disorders which 

are characterized by abnormalities in the devel- 

opment, growth, and maintenance of both bone 

and cartilage.'* The osteodysplasias are usually 

characterized by osteopenia or osteosclerosis, 

whereas chondrodysplasias usually result in 

short stature by affecting cartilage and therefore 

the linear growth of bones.? Some authors sub- 

divide these disorders into: dysplasias (abnor- 

malities of bone and/or cartilage growth) and 

osteodystrophies (abnormalities of bone and/or 

cartilage texture).* Multiple bones of the axial 

and appendicular skeleton and bones develop- 

ing both from endochondral and membranous 

ossification are involved and the abnormalities 

are intrinsic to bone and cartilage. The pheno- 

types in patients with these disorders continue to 

evolve throughout life and explain the fact that 

many cases of osteochondrodysplasia are diag- 

nosed later in life. It is important to differentiate 

osteochondrodysplasias from dysostoses which 

occur as a result of abnormalities of blastogenesis in 

the first 6-8 weeks of life resulting in defective bone 
formation.’ Patients with dysostoses have re- 

gional bone abnormalities and the phenotype 

remains static throughout life. The skeletal dys- 

plasias have been classified in many different 

ways over the years, but the most commonly used 
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classification is from the International Working 

Group (IWG) on the Classification of Constitu- 

tional Disorders of Bone (CCDB). The last up- 

dated version was published in 2002 and in- 

cludes 33 groups of osteochondrodysplasias and 

3 groups of dysostoses.? Although individual 

skeletal dysplasias are rare, they are relatively 

common as a group and have a significant effect 

on morbidity and mortality at all ages. Over 200 

skeletal dysplasias have been described and 

nearly half of these are lethal which account for 

almost 9 per 1000 perinatal deaths.° A complete 

review of all disorders in this category is beyond 

the scope of this book. This chapter provides an 

approach to evaluation of common skeletal dys- 

plasias presenting in perinatal period only. 

> EPIDEMIOLOGY 

Although individual skeletal dysplasias are rare, 

they are relatively common as a group with a 

reported prevalence rate of 1.1-7.6 per 10,000 

births in previous epidemiologic studies.’ This 

wide range of prevalence in different studies is 

attributed to differences in case ascertainment, 

definition of dysplasias, inclusion age of patients, 

and differences in inclusion of still births, and 

pregnancy terminations after a prenatal diagnosis. 

The study reporting a prevalence rate of 7.6 per 

10,000 births was based on inclusion of cases 
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identified at any age.® The most common skeletal 

dysplasias in this study were osteogenesis imper- 

fecta, multiple epiphyseal dysplasia, achondroge- 

nesis, osteopetrosis, thanatophoric dysplasia, and 

achondroplasia. The prevalence rate of skeletal 

dysplasias which present in the perinatal period is 

reported to be about 2.12.3 per 10,000 births and 

the rate of lethal osteochondrodysplasia is about 

0.95 per 10,000 births.”” However, most of these 
studies concede that probably the true prevalence 

was higher than captured in their databases. Pre- 

natal diagnosis of lethal skeletal dysplasia has 

also led to an increase in termination of affected 

pregnancies and a corresponding decrease in 
the number of infants born with these disorders. 

The most commonly reported skeletal dysplasias 

and their prevalence at birth are thanatophoric 

dysplasia (0.09-0.60 per 10,000 births), osteogen- 
esis imperfecta (0.37-0.64 per 10,000 births), 

achondroplasia (0.13-0.64 per 10,000 births), and 

achondrogenesis (0.23-0.64 per 10,000 births).”” 

Other frequently observed skeletal dysplasias diag- 

nosed at birth include: camptomelic dysplasia, 

short-rib-polydactyly syndromes type I and I, 

chondrodysplasia punctata, asphyxiating thoracic 

dystrophy, spondyloepiphyseal dysplasia, and 

diastrophic dysplasia.°’ Based on a review of the 

literature, Rasmussen et al reported that a spe- 

cific diagnosis could not be made in 7—-21% of 

all cases with osteochondrodysplasia.’ Increased 

paternal age is associated with higher risk of 

achondroplasia and thanatophoric dwarfism. 

Maternal use of warfarin during pregnancy has 

been reported to cause clinical picture similar to 

chondrodysplasia punctata. Osteogenesis imper- 

fecta is more common among Caucasians and 

chondroectodermal dysplasia (Ellis-van Creveld 

disease) has a significantly higher incidence in 

the Amish population. No gender predisposition 

and other risk factors have been reported. 

> EMBRYOLOGY/ETIOLOGY 

The human skeletal system is divided into the ax- 

ial skeleton and the appendicular skeleton. The 

axial skeleton includes the skull, vertebral column, 

ribs, and sternum; and the appendicular skeleton 

is composed of pectoral and pelvic girdles, and 

the limb bones. The parts of axial skeleton, ver- 

tebrae and ribs, originate from the somites on 

both sides of the neural tube while the craniofa- 

cial bones are of neural-crest origin. The appen- 

dicular skeleton originates from the lateral plate 

mesoderm. The earliest event in skeletal devel- 

opment is the induction of undifferentiated mes- 

enchyme to form mesenchyme condensation 

which represents the outlines of future skeletal 

elements. Some bones, such as flat bones of the 

skull, develop from mesenchyme by intramem- 

branous ossification while in most other bones 

mesenchyme is first transformed into cartilage 

bone models which later ossify by endochondral 

ossification. The skeletal development begins at 

about third week of gestation by mesenchymal 

condensation and although most of the bone 

growth is complete by late adolescence, the in- 

ternal reorganization of bones continues through- 

out life. Skeletogenesis, the process of origin, for- 

mation, and development of the skeleton, 

requires close interaction between various regu- 

latory mechanisms that control cell determina- 

tion and differentiation, the orchestration of bone 

and cartilage-specific genes and other modifiers, 

and the influence of cell-cell and cell-matrix in- 

teractions.'° From the embryologic perspective, 
each osteochondrodysplasia is the result of an al- 

teration in any of these mechanisms by an ab- 

normal cellular product or process which in turn 

results from a defective chromosome.'!! How- 
ever, there is not always a clear correlation be- 

tween genetic defect and clinical phenotypes in 

all cases, indicating that other moderating factors 

may be involved. 

In response to the rapid accumulation of 
knowledge on genes and proteins responsible 
for various skeletal dysplasias, International 
Working Group on Constitutional Disorders of 
Bone added a classification of genetic disorders 
of the skeleton which divided these disorders 
into the following seven groups based on 
molecular-pathogenetic etiologies: !? 



Group 1: Defects in extracellular structural pro- 
teins as in osteogenesis imperfecta, achondro- 

genesis, and multiple-epiphyseal dysplasia 

Group 2: Defects in metabolic pathways as in 

hypophosphatasia, infantile osteopetrosis, 

and chondrodysplasia punctata 

Group 3: Defects in folding and degradation of 

macromolecules as in pycnodysostoses, and 

lysosomal storage diseases 

Group 4: Defects in hormones and signal trans- 

duction mechanisms as in achondroplasia, 

thanatophoric dysplasia, hypochondropla- 

sia, and hypophosphatemic rickets 

Group 5: Defects in nuclear proteins and tran- 

scription factors as in camptomelic dyspla- 

sia, and cleidocranial dysplasia 

Group 6: Defects in oncogenes and tumor sup- 

pressor genes as in multiple exostoses 

syndrome 

Group 7: Defects in RNA and DNA processing 

and metabolism as in cartilage-hair-hypoplasia 

> CLINICAL PRESENTATION 

The spectrum of clinical presentation in these 

patients can range from early neonatal death 

secondary to respiratory failure to a normal- 

appearing infant with only subtle findings of 

disproportionate stature in the newborn period. 

Table 46-1 summarizes the important clinical 

features of common skeletal dysplasias present- 

ing in the perinatal period. The associated 

anomalies of other organ systems are variably 

present and can help in establishing diagnosis 

in these patients. 

> EVALUATION 

Evaluation of an infant suspected to have skele- 

tal dysplasia is often challenging because of a 

wide range of differential diagnosis, rarity of 

condition, and relative inexperience of physi- 

cians providing care. An accurate diagnosis is 

critical to make appropriate decisions regarding 
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medical care and counseling of parents. A 

systematic approach is crucial and should in- 

clude the following steps: 

1. History: A complete three generation fam- 

ily history can provide important clues to 

the diagnosis and should include history of 

consanguinity, ethnicity, unexplained peri- 

natal deaths, recurrent fractures, short 

stature, and early arthritis in other family 

members, Maternal use of warfarins during 

pregnancy is known to cause clinical pic- 

ture consistent with chondrodysplasia punc- 

tata. History of exposure to other teratogens 

such as alcohol, thalidomide, and maternal 

history of phenylketonuria or diabetes mel- 

litus should also be asked. 

2. Physical examination: The accurate an- 

thropometric measurements are important 
in deciding if an infant has short stature for 

gestational age and if it is proportionate or 

disproportionate. In a normal infant, the fin- 

gertips of the hand fall between the iliac 

crest and upper one-third of the thigh; there- 

fore fingertips above the iliac crest would 

suggest short-limbed short stature. An in- 

creased upper segment to lower segment 

(US/LS) ratio will confirm the presence of 

disproportionate growth. The lower seg- 

ment is measured from the top of the sym- 

physis pubis to the sole of the foot and the 

upper segment is obtained by subtracting 

the lower segment value from the total 

length. A normal US/LS ratio in the new- 

born infant is 1.7. The measurement of arm 
span, the distance between the fingertips of 

the middle fingers of each hand with arms 

stretched out horizontally is also helpful. 

The normal arm span in an infant is about 

2-3 cm less than the total length. US/LS ra- 

tio is increased and arm span is decreased 

in infants with short-limbed short stature 

such as in achondroplasia but infants with 

short-trunk short stature such as in spondy- 

loepiphyseal dysplasia will have a normal 

arm span with reduced US/LS ratio.*'* The 
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length of the parts of the limb should be 

measured in infants with short-limbed short 

stature skeletal dysplasias. If the humerus 

or femur is relatively shorter, the proximal 

shortening is called rhizomelia; dispropor- 

tionate shortening of middle bones (radius, 

ulna, tibia, and fibula) is called mesomelia; 

and disproportionate shortening of distal ex- 

tremities is called acromelia. The normal 

radius-humerus ratio is 75% and the normal 

tibia-femur ratio is 82%; and these ratios re- 

main constant in normal children regardless 

of age or sex.'? Severe micromelia refers to 

long bones that are four or more standard 
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deviations below the mean for gestational 

age and is characteristic of thanatophoric 

dysplasia, achondrogenesis, and osteogen- 

esis imperfecta type II. 

In addition, a complete physical exami- 

nation should be done to identify dysmor- 

phic features and other congenital anom- 

alies which can provide important clues to 

the underlying diagnosis (Table 46-2). The 

presence of severe pulmonary insufficiency 

is suggestive of pulmonary hypoplasia seen 

in many lethal forms of skeletal dysplasias 

and may help in narrowing down the list of 

differential diagnosis. 

> TABLE 46-2 Clinical Clues to the Underlying Diagnoses in an Infant with Skeletal Dysplasia 

¢ No malformation of other organs 

except bones 

Achondroplasia, achondrogenesis, spondyloepiphyseal 

dysplasia, thanatophoric dysplasia, osteogenesis 

imperfecta, hypophosphatasia 

Associated malformations of other Campomelic dysplasia, diastrophic dysplasia, 

organs usually present chondro-ectodermal dysplasia, asphyxiating thoracic 

dystrophy, short rib polydactyly dysplasia, 

chondrodysplasia punctata 

Achondroplasia, thanatophoric dysplasia, osteogenesis 

imperfecta, chondrodysplasia punctata, campomelic 

dysplasia, diastrophic dyplasia, chondro-ectodermal 

dysplasia, asphyxiating thoracic dystrophy 

Hypophosphatasia, osteopetrosis, achondrogenesis, 

spondyloepiphyseal dysplasia, hypochondrogenesis 

e¢ Short limb—normal trunk 

Short trunk and short limbs 

¢ Craniofacial signs 

Cloverleaf skull 

Natal teeth, multiple frenulae 

Cleft palate 

Cataracts 

Cystic ears 

Blue sclerae 

Limbs 

Hypoplastic/dysplastic nails 

Joint contractures 

Short abducted thumbs 

(Hitchhiker’s thumbs) 

Polydactyly 

Club feet 
¢ Congenital heart defects 

e Renal anomalies 

Thanatophoric dysplasia 

Chondroectodermal dysplasia 

Campomelic dysplasia, diastrophic dysplasia 

Chondrodysplasia punctata 

Diastrophic dyplasia 

Osteogenesis imperfecta 

Chondro-ectodermal dysplasia, Chondrodysplasia punctata 

Diastrophic dysplasia, chondrodysplasia punctata 

Diastrophic dysplasia 

Chondro-ectodermal dysplasia, asphyxiating thoracic dystrophy, 

short rib polydactyly dysplasia 

Campomelic dysplasia, diastrophic dysplasia 

Chondro-ectodermal dysplasia, campomelic dysplasia, 

short rib polydactyly dysplasia 

Asphyxiating thoracic dystrophy, short rib polydactyly dysplasia 
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S: 

PART VIII 

Radiologic evaluation: The radiologic eval- 

uation has been extremely helpful in establish- 

ing a diagnosis in these infants. The skeletal 

survey in these infants should include: frontal 

and lateral views of vertebral column, lateral 

views of the cervical spine and skull, antero- 

posterior views of chest and pelvis, and an- 

teroposterior views of one upper and one 

lower extremity. In cases with limb asym- 

metry, it may be necessary to obtain views of 

both upper and lower limbs. Imaging of other 

family members suspected of having the same 

condition as the proband may be helpful. 

Serial skeletal surveys may be necessary when 

the diagnosis is not certain on initial evaluation 

but repeating the survey earlier than 12 months 

of initial survey is not likely to be helpful. 

These films are most helpful when reviewed 

by a pediatric radiologist with interest and ex- 

perience in this area. Table 46-3 summarizes 

the important radiological findings in skele- 

tal dysplasias commonly presenting in the 

perinatal period. 

. Laboratory evaluation: Serum calcium, 

phosphate, and alkaline phosphatase levels 

should be measured and are more helpful in 

infants with abnormal mineralization of the 

bones. The peroxisomal testing and sterol 

profile may be helpful in infants with stip- 

pled epiphyses. Histopathological evaluation 

of chondro-osseous tissue can be particularly 

helpful in patients with no clear diagnosis 

based on clinical and radiological evaluation. 

Testing for mutations in collagen genes can 

be helpful in osteogenesis imperfecta. 

. Genetic testing: A karyotype should be 

carried out if there are associated malfor- 

mations of other organ systems and it can 
be particularly helpful in the diagnosis of 

camptomelic dysplasia in which a 46XY in- 

fant frequently has a female phenotype on 

examination. Molecular diagnosis utilizing 

DNA studies has become possible for most 

of these disorders but may not be easily 

available or be practical in many cases. 

Blood samples and fibroblast cultures from 

SKELETAL MALFORMATIONS 

skin biopsy or placental tissue can be stored 

to allow DNA analysis at a later date. 

Figure 46-1 provides a systematic ap- 

proach to arrive at a diagnosis in infants with 

common skeletal dysplasias presenting in 

the perinatal period. 

> PROGNOSIS 

Skeletal dysplasias are frequently classified as 

lethal or nonlethal. Lethality of a particular di- 

agnosis is mainly related to the associated pul- 

monary hypoplasia from an abnormally formed 

restrictive thorax. The cause of death in some 

others could be related to respiratory failure 

secondary to brainstem compression due to 

the stenosis of foramen-magnum or secondary 

to severe airway anomalies. Several studies have 

evaluated the ability of prenatal ultrasound find- 
ings to predict the neonatal outcome of affected 

fetuses. Although only 48-65% of specific diag- 
noses are correct, the identification of a lethal 

dysplasia is highly accurate.'! The following 
criteria have been used to diagnose lethal skele- 

tal dysplasia on prenatal ultrasound: (1) early 

severe micromelia; (2) femur length: abdominal 

circumference <0.16; (3) thoracic circumference 

<5th percentile for gestational age; (4) thoracic 

circumference: abdominal circumference <0.79; 

and (5) cardiac circumference: thoracic circum- 
ference >0.60.'' Fetal femur length by itself has 
also been reported to distinguish among the 

five most common skeletal dysplasias present- 

ing in the perinatal period.® Fetuses with femur 

length <40% of the mean for gestational age 

are likely to have achondrogenesis, those with 

femur length between 40% and 60% have 

thanatophoric dysplasia or osteogenesis imper- 

fecta type II, and those with femur length over 

80% have either achondroplasia or osteogenesis 

imperfecta type II. There are no similar reports 
of criteria predicting outcome of neonates born 
with skeletal dysplasia but most infants with 
lethal forms of skeletal dysplasia have severe 
pulmonary hypoplasia and die within first few 
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> TABLE 46-3 Summary of Radiological Findings in Patients with Skeletal Dysplasia 

Finding Likely Diagnosis 

A. Bone Density 

Generalized undermineralization or osteopenic 

Overmineralization or osteosclerosis 

. Spine 

Frontal view 

Progressively decreasing interpediculate distance 

Absence of pedicle ossification in lower thoracic spine 

Lateral view 

Generalized vertebral dysplasia 

Coronal cleft vertebra 

Wafer-thin vertebral bodies (severe platyspondyly) 

Hypoplastic odontoid 

Cervical kyphosis 

. Pelvis 

Flat acetabular angle 

Hypoplastic square iliac bones 

Widened symphysis pubis 

. Chest 
Frontal view 
Long narrow chest (2° to rib shortening) 

-Mild 
-Severe 

Short and wide chest (2° to short spine) 

-Mild 

-Severe 
Beading of ribs 

Absent or hypoplastic clavicles 

Hypoplastic scapulae 

Osteogenesis imperfecta 

Hypophosphatasia 

Achondrogenesis 

Osteopetrosis 

Pyknodysostosis 

Dysostosclerosis 

Thanatophoric dysplasia 

Achondroplasia 

Diastrophic dysplasia 

Campomelic dysplasia 

Spondyloepiphyseal dysplasia 

Hypochondroplasia 

Chondrodysplasia punctata 

Thanatophoric dysplasia 

Spondyloepiphyseal dysplasia 

Diastrophic dysplasia 

Campomelic dysplasia 

Achondroplasia 

Thanatophoric dysplasia 

Achondroplasia 

Thanatophoric dysplasia 

Spondyloepiphyseal dysplasia 
Hypochondrogenesis 

Achondrogenesis 

Cleidocranial dysplasia 

Achondroplasia 

Thanatophoric dysplasia 

Asphyxiating thoracic dystrophy 

Spondyloepiphyseal dysplasia 

Achondrogenesis 

Osteogenesis imperfecta type II 

Achondrogenesis 

Cleidocranial dysplasia 

Campomelic dysplasia 

(Continued) 
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> TABLE 46-3 Summary of Radiological Findings in Patients with Skeletal Dysplasia (Continued) 

Finding Likely Diagnosis 

E. Limbs 

Bowing 

-Mild 

-Severe 

Epiphyseal stippling 

Small or irregular epiphyses 

Trident hand 

Rhizomelic micromelia (humeri & femora) 

Mild 

Severe 

Mesomelic micromelia 

(ulna/radius and or tibia/fibula) 

Acromelic micromelia 

Nonspecific micromelia 

F. Skull 
Cloverleaf skull 

Widening of cranial sutures and fontanelle 

G. Other findings 

Fractures 

Achondroplasia 

Thanatophoric dysplasia 

Campomelic dysplasia 

Osteogenesis imperfecta 

Chondrodysplasia punctata 

Multiple epiphyseal dysplasia 

Spondyloepiphyseal dysplasia 

Achondroplasia 

Achondroplasia 

Spondyloepiphyseal dysplasia 

Hypochondrogenesis 

Thanatophoric dysplasia 

Achondrogenesis 

Chondrodysplasia punctata 

(recessive type) 

Campomelic dysplasia 

Asphyxiating thoracic dystrophy 

Chondro-ectodermal dysplasia 

Osteogenesis imperfecta 

Diastrophic dysplasia 

Chondrodysplasia punctata 

(dominant type) 

Hypophosphatasia 

Thanatophoric dysplasia 

Hypophosphatasia 

Achondrogenesis 

Cleidocranial dysplasia 

Osteogenesis imperfecta 

Osteopetrosis 

Hypophosphatasia 

Achondrogenesis 

days of life. Infants with mild to moderate pul- 

monary insufficiency may survive neonatal pe- 

riod but may succumb to ongoing pulmonary 

morbidity later in life. There are some recent 

reports of survival with aggressive perinatal 

management in infants previously considered 

to have a lethal skeletal dysplasia such as 

thanatophoric dysplasia.'* These infants fre- 

quently have severe growth retardation and 

chronic respiratory insufficiency and some have 

mental retardation either secondary to underly- 

ing central nervous system anomalies or as a 
result of chronic respiratory insufficiency.'* In- 
fants with nonlethal skeletal dysplasias such as 
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320 PART VIII 

achondroplasia can expect normal or near nor- 

mal life span but require close medical follow-up 

and multidisciplinary care for various medical, 

orthopedic, and psychosocial issues related to 

their underlying disorder. 

> GENETIC COUNSELING 

An accurate clinical diagnosis is crucial to pro- 

vide appropriate genetic counseling. Table 46-1 

also includes the likely recurrence risk for common 

skeletal dysplasias presenting in the perinatal 

period. Many cases of affected siblings born to 

unaffected parents in an autosomal dominant con- 

dition are most likely due to germ line mosaicism 

as in spondyloepiphyseal dysplasia congenita 

and camptomelic dysplasia. 
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CHAPTER 47 

Arthrogryposis 
PRAVEEN KUMAR 

> INTRODUCTION 

The term arthrogryposis is used to describe pre- 

natal onset of joint contractures with associated 

limitation of movements in two or more joints in 

different body areas. The term arthrogryposis 

means “bent joint” (in Greek language “arthron” 

means joint and “gryposis” means hooking or 

bending). Over the years, the term arthrogryposis 

has been loosely used for a group of unrelated 

diseases with the common phenotype of multiple 

congenital contractures (MCC) with many different 

etiologies. Nearly 150 specific entities include arthro- 

gryposis or multiple congenital contractures as a 

clinical feature. Since the final common pathway 

leading to these contractures is the impaired in- 

trauterine mobility of the affected joints in these 

conditions, some authors have used the term “fetal 

akinesia sequence” or “fetal akinesia deformation 

sequence” (FADS) to describe these infants. 

> EPIDEMIOLOGY 

The incidence of multiple congenital contractures 

or arthrogryposis at birth has been reported to 

range from 1 in 3000 to 1 in 12,000 live births." 
These differences in the incidence are probably 

related to the lack of consistent definition of 

arthrogryposis, variable sources of data collec- 

tion, and reporting bias. It is suggested that the 
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incidence could be higher if miscarriages and 

stillbirths with congenital contractures were in- 

cluded. Based on data collected from three ortho- 
pedic centers in United States, United Kingdom, 

and Australia, Wynne-Davies et al had reported 

a significantly higher incidence of arthrogryposis 

in all three countries in 1960s than either before 

or after that period.* They attributed their find- 

ings to an unknown environmental agent. Most 

studies have reported no sex predilection and 

any other identifying maternal or social charac- 

teristics among infants with arthrogryposis. 

> EMBRYOLOGY 

The development of synovial joints starts at about 

6 weeks of gestation with formation of interzone, 

an area of condensation of mesenchymal cells in 

precartilaginous bones. These mesenchymal cells 

further differentiate into chondrogenic cells, syn- 

ovial cells, and central cells which lead to the for- 

mation of articular cartilage, joint capsule with 

inner synovial membrane and the intra-articular 

structures respectively. The anatomic develop- 

ment of joints is complete by seventh week of 

gestation but the development of a joint cavity 

requires mobility which occurs by about 8 weeks. 

The absence of joint movements disrupts the nor- 

mal development of joints and results in flatten- 
ing of the articular surfaces. The joint cavity fills 
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with fibrous tissue and the capsule thickens re- 

sulting in joint contractures and limb deformities. 

Although abnormal development of joints and its 

contiguous soft tissue can lead to arthrogryposis 

in some cases, initial joint development is normal 

in a large majority of infants with arthrogryposis, 

and the changes secondary to immobility of a 

normally developed joint are responsible for the 

contractures seen in these infants. 

> ETIOPATHOGENESIS 

The etiology of arthrogryposis is multifactorial 

and heterogenous. It is not unusual to be un- 

able to identify a specific cause despite exten- 

sive evaluation. Both animal and human studies 

have shown that decreased joint movements in 

utero can lead to prenatal contractures of fetal 

joints. It has also been reported that the fetuses 

with earlier onset of immobilization of joints will 

have more severe contractures. The causes’ for 

decreased fetal movements can be divided into 

two broad categories: 

1. Decreased movements secondary to abnormal 

fetal development with normal intrauterine 

environment. The fetal immobilization in this 

category could be secondary to abnormal 

development of (a) central or peripheral ner- 

vous system, (b) abnormalities of muscle 

development, or (c) abnormalities of con- 

nective tissue development including skin, 

bone, cartilage, and tendons. Both intrinsic 

fetal disorders and maternal factors such as 

hyperthermia, viral infections, medications 

and drug exposures, vascular accidents and 

hypotension, and maternal neuromuscular 

disorders such as myasthenia gravis have 

been reported to cause arthrogryposis in a 

developing fetus. 

2. Decreased movements of a normally devel- 

oped fetus in an abnormal intrauterine envi- 

ronment such as oligohydramnios, uterine 

fibroids, multiple gestation, and uterine anom- 

alies such as bicornuate uterus. 

> TABLE 47-1 Etiopathogenic Mechanisms of 

Arthrogryposis 

Neuropathic 65-85% 

Disorders of central nervous 15-35% 

system 
Disorder of (peripheral nervous ~30-65% 

system or spinal cord) 

Myopathic 5-15% 

Abnormal development 
and function of muscles 

Connective tissue disorders 5-10% 

Fetal crowding <5% 

The reported frequencies of different pathways 

leading to decreased fetal movements and subse- 

quent arthrogryposis either secondary to abnormal 

fetal development or an abnormal intrauterine en- 

vironment are summarized in Table 47-1. 

The underlying genetic causes among infants 

with arthrogryposis are equally heterogenous. 

In an analysis of 350 children with congenital 

contractures reported in 1985, chromosomal ab- 

normality or single gene genetic disorders were 

identified in 28%, known syndromes in 46%, 

environmental insult or maternal exposure to a 

teratogen in 6%, and the diagnosis remained 

unknown in the remaining 20%.* However ad- 

vances in genetics may identify a specific gene 

for many more disorders in the coming years. 

> CLINICAL PRESENTATION 

The clinical presentation of an infant with arthro- 

gryposis or multiple congenital contractures can 

be very variable depending on the underlying 

cause as the diagnosis is part of over 150 syn- 

dromes and neuromuscular conditions that often 
are unrelated. In early 1980s, Hall proposed a 
clinical classification which separated infants 
with multiple congenital contractures into three 
groups: (1) those with primarily limb involvement; 
(2) those with limb involvement plus abnormalities 



in other body areas; and (3) those with limb in- 
volvement plus severe central nervous system 
(CNS) dysfunction.’ In a study from China, nearly 
65% of infants with arthrogryposis were placed 
in group 1, 20% in group 2, and 15% in group 3.° 
Recently Aroojis’ et al proposed a new classifica- 
tion based on clinical presentation that will prob- 
ably make it easier to compare outcomes and re- 
sponse to different interventions in a systematic 

fashion.” They classified patients with arthrogry- 
posis into the following five groups: Group I had 

amyoplasia or classic arthrogryposis (56% of their 

patients); Group II had distal arthrogryposis 
(10.5% of patients); Group III had a specific syn- 

drome as a diagnosis (5.5% of patients); Group IV 

had severe systemic or neurologic involvement 
(15% of patients); and Group V had unclassifiable 
contracture syndromes (13% of patients).” 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

Since multiple congenital contractures are part 

of many different syndromes, it is not surprising 

that the congenital anomalies of other organs 

are frequently associated with arthrogryposis. 

The CNS malformations are most frequently as- 

sociated, followed by skeletal, renal, and cardiac 

anomalies. Nearly half of all patients with arthro- 

gryposis may have associated congenital mal- 

formations.’ In one report, 22% of infants had 
abnormalities of the craniomaxillofacial area and 

in another report approximately 10% of all pa- 

tients with arthrogryposis had associated upper 

airway or other cranial nerve abnormalities.*” 

As noted earlier, arthrogryposis or multiple 

congenital contractures are part of over 150 syn- 

dromes and a complete list of these disorders is 

out of the scope of this chapter. However, an 

abbreviated list of common disorders present- 

ing with joint contractures in neonatal period is 

presented in Table 47-2. In addition, a brief dis- 

cussion of the following two major subgroups 

will help in proper evaluation of an infant with 

multiple congenital contractures. 
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> ARTHROGRYPOSIS MULTIPLEX 
CONGENITA/AMYOPLASIA 

The terms arthrogryposis and arthrogryposis mul- 

tiplex congenita (AMC) have been used loosely 

and interchangeably to describe any infant with 

multiple congenital contractures irrespective of 

underlying etiology and prognosis. Since diag- 

nostic accuracy is important for understanding 

and predicting the clinical course of an affected 

patient as well as for counseling the parents re- 

garding recurrence risk, the AMC committee of 

the International Federation of Societies for 

Surgery of the Hand (IFSSH) recently published 

revised criteria for appropriate use of the term 

arthrogryposis multiplex congenita.'? According 

to this report, AMC is a very specific, well-defined 

condition and this diagnosis should be used only 

for cases with the following characteristics: 

1. Congenital, the full clinical expression is 

present at birth 

. Not genetically inherited and not due to an 

embryological malformation 

3. Neuropathic etiology with likely cause be- 

ing patchy damage of the anterior horn cells 

of the spinal cord in the developing fetus 

4, Usually symmetric involvement of multiple 

joints-both proximal and distal joints of all 

four limbs 

5. No systemic involvement or anomalies of 

other organs 

6. Normal intellect and normal sensation 

7. The muscles are fewer, smaller, and often 

replaced by fibrous or fibrofatty tissue 

8. No progression after birth but changes may 

occur over time due to growth and devel- 

opment or interventions 

9. Joint deformities are due to secondary 

changes as a result of lack of joint movements 

10. Typically, these children are very adaptive 

in overcoming loss of normal function 

iw) 

AMC has no gender or racial predilection 

and the life expectancy is not directly affected 

by this disease. Although the exact cause remains 
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obscure, it should be distinguished from spinal 
muscular atrophy (SMA) which has a well-defined 
genetic basis and recurrence risk. Clinically, 
infants with AMC have reduced or absent skin 
folds around affected joints and smooth skin with 
dimples is seen at the large joints. In a classical 
case, the limbs have a fusiform appearance. The 
shoulder joints are held in adduction, the elbow 
joints in extension, the wrists in flexion, the 

thumbs adducted, and the finger joints in flexion. 

Similarly, the common findings in the lower ex- 

tremities are hip subluxation, knee hyperexten- 
sion, and talipes equinovarus deformity of feet. 

The muscles are firmer than normal due to re- 

duced mass and an increase in fibrous tissue. The 

spinal muscles are involved in more severe cases 

and this may make it difficult for the child to sit or 

stand upright. A similar clinical picture, muscle 

biopsy findings, disease course, and recurrence risk 

has been reported in the past as amyoplasia.'t!* 
These authors estimated that nearly one-third of 

all patients with arthrogryposis have amyoplasia. 

However, nearly 10% of these patients were also 

reported to have other anomalies such as bowel 

atresia and abdominal wall defects which would 
exclude them under the more strict definition of 

AMC based on IFSSH report. 

> DISTAL ARTHROGRYPOSIS 

The term distal arthrogryposis is used to describe 

patients with congenital contractures of distal 

joints of upper or lower extremities and sparing of 

proximal joints. Initial classifications by Hall et al*” 
have been subsequently revised and expanded 

by other authors.'*'* Bamshad et al defined dis- 

tal arthrogryposis as “an inherited primary limb 

malformation disorder characterized by congenital 

contractures of two or more different body areas 

and without primary neurologic and/or muscle 

disease that affects limb function.” This definition 

excludes all disorders in which structural CNS 

anomalies, cognitive delay, abnormal neurologic 

tests, and/or abnormal muscle biopsies are pri- 

mary features. This new revised classification of 
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distal arthrogryposis includes nine distinct types 

which are characterized by a common pattern of 

congenital distal joint contractures, minimal proxi- 

mal joint involvement, and an autosomal dominant 

inheritance pattern with reduced penetrance and 

variable expressivity. A detailed description of 

these syndromes was recently published by Beals 

in 2005 and a summary of important findings is 

presented in Table 47-3.'4 

> EVALUATION 

A detailed family history, pregnancy history, and 

complete physical examination to evaluate extent 

of joint involvement as well as to determine the 

presence or absence of associated dysmorphic 

features and systemic congenital malformations 

are crucial in evaluating an infant with multiple 

congenital contractures. An early evaluation by 

a geneticist, neurologist, orthopedic surgeon, 

and physical therapist is likely to be helpful in 

identifying the underlying cause and in devel- 

oping a comprehensive management plan. The 

infants with the neuropathic type of arthrogry- 

posis have a higher likelihood of associated con- 

genital anomalies while infants with myopathic 

arthrogryposis have a high likelihood of a pos- 

itive family history of neuromuscular disease and 

have few associated anomalies. Since the major- 

ity of these infants have a neuropathic etiology, 

all infants with multiple congenital contractures 

should be evaluated with a magnetic resonance 

imaging (MRD) of brain and spinal cord. An elec- 

troencephalogram (EEG) has also been reported 

to be helpful in predicting prognosis.'? Echocar- 

diogram and abdominal ultrasound may be nec- 

essary to exclude anomalies of other systems 

and a hearing screen should be done on all in- 

fants. Serum creatine phosphokinase levels, 

electromyography, and muscle biopsy may help 

to distinguish neuropathic from myopathic cases. 

However, their routine use and benefit is con- 

troversial. Generalized progressive weakness, 

myopathic facies, and abnormal muscle texture 

would suggest need for workup for myopathic 
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etiology. The use of age-appropriate reference 

ranges and specific diagnostic criteria for nerve 

conduction studies, electromyography, and 

muscle biopsy are critical to the appropriate use 

of these diagnostic modalities and their inter- 

pretation. It is appropriate to restrict the use of 

nerve conduction studies, electromyography, 

and muscle biopsy to the cases in whom his- 

tory, examination, and genetic evaluation have 

been unrevealing. Karyotpye evaluation should 

be considered in infants with associated sys- 

temic malformations. Genetic testing for sur- 

vival motor neuron gene deletion, 22q11.2 dele- 

tion, and spinal muscular atrophy should be 

considered in selected cases based on clinical 

presentation. Ear, nose, and throat (ENT) evalu- 

ation including direct laryngobronchoscopy or 

oropharyngeal videofluoroscopy may be help- 

ful in selected patients with upper airway 

symptoms. 

‘ 

> MANAGEMENT AND PROGNOSIS 

The joint contractures in these infants are non- 

progressive but they become more severe over 
time if joint immobility is maintained. Thus the 

mainstay of management is improved joint mobil- 

ity with the help of physiotherapy, splinting, and 

orthopedic surgery if necessary. The goals of treat- 

ment are to achieve lower-limb alignment and 

stability for ambulation and upper limb range of 

motion adequate for self-care. Recurrence of de- 
formities with growth is frequently seen because 

the dense periarticular inelastic soft tissues do not 

properly elongate with growth. The management 

of most distal deformities first and then moving in 

a proximal direction is the recommended approach 

for lower extremities. It is strongly recommended 

that the treatment should not be delayed since re- 

sults are very disappointing if treatment is initiated 

after 12 months of age.'° The associated cran- 

iomaxillofacial anomalies, stiff jaw, and immobile 
tongue can result in feeding difficulties, recurrent 

respiratory infections, and failure to thrive and 

may benefit from early placement of tracheostomy 
and gastrostomy tubes. 

The long-term needs of these infants and 

families are best met by a comprehensive mul- 

tidisciplinary team comprised of primary care 

physician, geneticist, neurologist, orthopedist, 

otolaryngologist, developmental pediatrician, 

dietician, physical and occupational therapist, 

psychologist, orthotist, speech therapist, and so- 

cial worker. 
The prognosis of an infant with arthrogrypo- 

sis will largely depend on underlying cause, pres- 

ence or absence of associated syndrome, and the 

pathologic process. This emphasizes the need for 

a complete evaluation of all infants born with 

multiple congenital contractures. Overall, nearly 

35-40% of all infants with multiple congenital 
contractures die during the neonatal period or in- 

fancy.”!° Infants requiring more than transient 

respiratory support have a high mortality.'’ Major 
congenital anomalies of the CNS and polyhy- 

dramnios are also reported to be poor prognostic 

signs for survival. Hall reported a mortality rate of 

1% for infants with primarily limb involvement, 

7% with limb and other organ involvement, and 

nearly 50% for those with limb and CNS involve- 

ment.’ Feeding difficulties are reported in nearly 

two-thirds of all patients and nearly half of these 

patients have dysarthria and nearly one in four 

may have general language delay.'* Among sur- 
vivors, patients with normal intelligence and 

milder forms of contractures tend to have a better 

quality of life. Long-term outcome is particularly 

favorable for infants diagnosed to have classical 

arthrogryposis (AMC or amyoplasia) as these in- 

fants are reported to have normal to above normal 

intelligence. In a series of 38 patients, Sells et al re- 

ported that by the age of 5 years, 85% were ambu- 

latory and most were in regular classrooms at the 
appropriate grade level." 

> GENETIC COUNSELING 

The recurrence risk will depend on the underlying 
etiology. In general, the recurrence risk is higher 
in the myopathic group than in the neuropathic 
group. Since amyoplasia or arthrogryposis mul- 
tiplex congenita is a sporadic condition with 



unknown etiology, a couple with a child with this 

disorder has no increased risk over the general 

population risk.'’ In the absence of a clear etiol- 

ogy, Hall and Reed reported the recurrence risk 

as 4.7% if only the limbs were involved, 1.4% if 

the limbs plus other areas were involved, and 7% 

if the central nervous system was involved.’? In 
absence of a complete workup and a specific 

diagnosis, the recurrence risk of having another 

affected child is reported to be about 3-5%.° 

Serial ultrasounds can identify an affected fetus 

in early second trimester in many cases. 
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CHAPTER 48 

Single Umbilical Artery 
PRAVEEN KUMAR 

> INTRODUCTION 

The umbilical cord is an important part of the 

fetoplacental unit and is vital to the growth and 

well-being of the fetus. A normal umbilical cord 

is about 50-60 cm long at term and contains 

two arteries and one vein which course through 

Wharton’s jelly in a helical fashion. Single um- 

bilical artery, a condition in which only one 

umbilical artery is present, is one of the most 

common congenital malformations in a human 

infant. Although presence of a single umbilical 

artery was noted as early as the mid-sixteenth cen- 

tury, its association with various other congenital 

malformations was reported by Benirschke and 

Brown in 1955. Since then several reports from 

different parts of the world have confirmed a 
higher incidence of associated malformations in 

infants with single umbilical artery. 

> EPIDEMIOLOGY 

The incidence of single umbilical artery has been 

reported to be 1.5-7% among abortuses, 0.2—-1.6% 

among euploid fetuses, 9-11% among aneuploid 
fetuses, and 0.5-2.5% among uncomplicated 
neonates.’ The overall incidence of single um- 

bilical artery in unselected populations has been 

reported to range from 0.3% to 1.07%.** These 
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differences in incidence rates are related to 

method of diagnosis such as, prenatal ultrasound 

diagnosis or postnatal examination of the cord 

versus histopathological examination of the pla- 

centa or cord. The histopathological examination 

of the cord is considered to be the gold standard 

but it is important to note that the two arteries 

may fuse close to the placental insertion of the 

cord and examination at this point would over- 

estimate the incidence.’ The sensitivity of prena- 

tal ultrasound for diagnosis of single umbilical 

artery has been reported to range from 30% to 

85% depending on the experience of the sonog- 

rapher as well as the indication for ultrasound, 

routine versus anatomic survey for congenital 
malformations.””” A study evaluating physician’s 

ability to diagnose single umbilical artery on post- 

natal examination reported that the diagnosis of 

single umbilical artery was missed by 24% of 

obstetricians and 16% of pediatricians on exami- 
nation of cord.’ 

Single umbilical artery is reported to be less 

common in patients with Japanese and African 

ancestry and is more common in those from 

Eastern Europe.’* A significantly higher inci- 

dence has been noted in pregnancies associated 

with multiple gestations, maternal diabetes, and 

hypertension. A higher incidence of abnormalities 
of placenta such as marginal insertion and vela- 

mentous insertion of cord has also been noted.? 
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A six- to tenfold increase in perinatal mortality 

rate has been reported in pregnancies associated 

with single umbilical artery.””-'’ This increase in 

perinatal mortality was largely secondary to asso- 

ciated congenital malformations and intrauterine 

growth retardation (UGR) but an increase in peri- 

natal mortality has been reported even in infants 

with apparent isolated single umbilical artery.” 

> EMBRYOLOGY 

The umbilical cord and its elements are derived 

early in embryonic life from the primitive yolk 

sac, connecting stalk, and amnion. Initially, two 

parallel vascular systems develop from angio- 

genic mesenchyme that surrounds the vitelline 

duct and the allantoic duct. Two vitelline arteries 

and two vitelline veins quickly regress and are 

not identifiable by the end of pregnancy. The 

umbilical arteries and veins develop from angio- 

genic mesenchyme around the allantoic duct. 

Initially, a single umbilical artery forms which 

subsequently bifurcates in two umbilical arteries. 

On the other hand, the umbilical veins are ini- 

tially paired structures but, the right umbilical 

vein and a portion of the left umbilical vein de- 

generate early in gestation and the left umbilical 

vein persists as a single umbilical vein during rest 

of the gestation.'* 

Three mechanisms have been proposed to 

explain the embryogenesis of single umbilical 

artery: (1) persistence of the original single allan- 

toic artery of the body stalk, (2) primary agenesis 

of one umbilical artery, (3) secondary atrophy or 

atresia of a previously normal umbilical artery.'* 

Accumulating evidence in the literature strongly 

suggests that secondary atrophy or atresia is the 

most likely mechanism in a large majority of in- 

fants with single umbilical artery.'!*!* Based on 

these different mechanisms, four possible types 

of single umbilical artery have been described as 

follows:' (1) type I single umbilical artery is the 

most common form that has one umbilical artery 

of allantoic derivation and a left umbilical vein; 

(2) type II single umbilical artery has one umbilical 

artery of vitelline origin and a left umbilical vein. 

The umbilical artery frequently originates from the 

superior mesenteric artery. This type of SUA is al- 

most invariably associated with severe fetal mal- 

formations such as sirenomelia, caudal regression, 

and anal agenesis; (3) type III single umbilical 

artery has one umbilical artery of either allantoic 

or vitelline origin and both, the left and an anom- 

alous persistent right, umbilical veins. This type is 

extremely rare and is associated with universally 

poor prognosis and fetal malformations; (4) type IV 

single umbilical artery has one umbilical artery of 

allantoic or vitelline origin and the right umbilical 

vein. Only a few cases have been reported to 

date and these fetuses were lost early in the 

pregnancy. 

> ASSOCIATED MALFORMATIONS 
AND SYNDROMES 

The increased rate of congenital malformations 

in association with single umbilical artery has 

been reported by several studies and ranges from 

7% to 65% depending on the differences in the 
definition of malformation, methods used for 

diagnosis and the reporting practices.1*!*1° 

These malformations occur in no consistent pat- 

tern and can occur in any organ system. No known 

malformation sequence or syndrome is consis- 

tently associated with single umbilical artery. A 

study based on birth registry data reported a 

fourfold increase in the incidence of major con- 

genital malformations in babies with two-vessel 

umbilical cords (10% for infants with single um- 

bilical artery versus 2.6% for infants with three- 

vessel cord).'’ The most prominent associations 
(odds ratio >5) in this study were with neural tube 
defects, cardiovascular malformations, esophageal 

and anorectal atresia, polycystic kidneys, and 

limb reduction defects. The mean numbers of 
malformations per infant have been reported to 
range from 2 to 5.’ Persutte and Hobbins di- 
vided single umbilical artery associated congen- 
ital malformations into three groups: (1) which 
can be identified with prenatal ultrasound; 



CHAPTER 48 SINGLE UMBILICAL ARTERY 

(2) difficult to be diagnosed prenatally; and (3) 
unlikely to be diagnosed prenatally (Table 48-1). 
Using these criteria they concluded that nearly 

two-thirds of all congenital malformations associ- 

ated with single umbilical artery could be missed 

on a prenatal ultrasound examination.! 

Trisomy 18 is the most common cytogenetic 

abnormality reported in infants with single um- 

bilical artery but, trisomy 13 and Turner syndrome 

have also been reported. Single umbilical artery 

has an incidence of 11.3% among cytogenetically 
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abnormal pregnancies and can be found in 

10-50% of trisomy 18 patients.'* Some other 

common syndromes associated with single um- 

bilical artery are listed in Table 48-2. 

> EVALUATION 

The guidelines for evaluation and management 

of a fetus or newborn with single umbilical 

artery have been controversial and limited by 

> TABLE 48-1 Reported Congenital Anomalies in Fetuses with Single Umbilical Artery and Their 

Likelihood of Detection on Prenatal Ultrasound 

System Expect to Detect Difficult to Detect Unlikely to Detect 

Cardiovascular ¢ Tetralogy of Fallot ¢ Total anomalous e Patent ductus arteriosus 

system e Truncus arteriosus pulmonary e Ventricular septal defect 

¢ Dextrocardia venous return ¢ Coarctation of aorta 

¢ Hypoplastic left heart © Transposition of 

great vessels 

Central nervous e Anencephaly e Cranial nerve 

system ¢ Holoprosencephaly abnormalities 

¢ Hydrocephaly 

e Cerebellar anomalies 

¢ Meningomyelocoele 

Gastrointestinal ¢ Gastric atresia ¢ Tracheoesophageal e Esophageal atresia 

system 

Urogenital tract 

Respiratory system 

Musculoskeletal 

system 

Miscellaneous 

¢ Duodenal atresia 

¢ Abdominal wall 

defects 

e Renal agenesis 

¢ Renal dysplasia 

¢ Hydronephrosis 

¢ Diaphragmatic 

hernia 

¢ Sacral agenesis 

¢ Amelia 

¢ Limb dysplasias 

e Situs inversus 

« Sacrococcygeal 

Teratoma 

fistula e¢ Malrotation 

Liver anomalies 

Pelvic kidney 

Horseshoe kidney 

Malformed external 

genitalia 

Cleft lip/palate 
Vertebral anomalies 

Hip dislocation 

Poly/syndactyly 

Pharyngeal teratoma 

e Imperforate anus 

Urorectal septum 

malformation 

e Urethral anomalies 

e Pulmonary hypoplasia 

¢ Choanal artesia 

¢ Tracheal agenesis 

¢ High arched palate 

e Wrist and ankle 

deformities 

e Endocrine gland 

abnormalities 

ee ra en iE nc 

( Adapted from Persutte WH, Hobbins J. Single umbilical artery: a clinical enigma in modern prenatal diagnosis. 

Ultrasound Obstet Gynecol. Sep 1995;6(3):216-29. Copyright 1995 International Society of Ultrasound in 

Obstetrics & Gynecology. Reproduced with permission. Permission is granted by John Wiley & Sons Ltd. On 

behalf of the ISUOG) 
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> TABLE 48-2 Syndromes Associated with Single Umbilical Artery 

Syndrome Other Common Clinical Features Etiology 

Cloacal exstrophy Persistence of cloaca, omphalocele, hydromyelia, Unknown 

sequence cryptorchidism, pelvic kidneys, multicystic kidneys 

Jarcho-Levin syndrome Short trunk dwarfism, prominent occiput, upslanting Autosomal 

(spondylothoracic palpebral fissures, short “crab-like” thorax, vertebral recessive 

dysplasia) anomalies, cleft palate, cryptorchidism neural tube 

defects, genitourinary anomalies 

LEOPARD syndrome Lentigenes, ECG abnormalities, ocular hypertelorism, Autosomal 

(multiple lentigines pulmonic stenosis, abnormalities of genitalia, dominant 

syndromes) retardation of growth, deafness 

Meckel-Gruber syndrome Occipital encephalocele, polydactyly, cleft lip and/or Autosomal 

palate, micropthalmia, ambiguous genitalia, IUGR, recessive 

microcephaly, cryptorchidism, cardiac defects 

OEIS complex Omphalocele, exstrophy of bladder, imperforate anus, Unknown 

spinal defects 

Sirenomelia sequence Single lower extremity, absence of sacrum, vertebral Unknown 

defects, anorectal malformations, genitourinary 

anomalies 

Trisomy 13 Holoprosencephaly, micropthalmia, cyclopia, Trisomy 

(Patau syndrome) microcephaly, cleft lip and palate, heart defects, 

IUGR, genital abnormalities 

Trisomy 18 IUGR, low-set malformed ears, clenched hand, heart Trisomy 

(Edwards syndrome) defects, rocker bottom feet, microcephaly, 

genital anomalies 

Urorectal septum Ambiguous genitalia, imperforate anus, rectal fistulas, Unknown 

malformation sequence Mullerian duct defects 

VACTERL association Vertebral, anal, cardiac, tracheal, esophageal, Unknown 

renal and fimb anomalies, single umbilical artery, 

spinal dysraphia, genital abnormalities 

Zellweger Syndrome Hypotonia, seizures, deafness, pachymicrogyria, Autosomal 

(Cerebro-Hepato-Renal heterotopias, anteverted nares, cataracts, recessive 

Syndrome) hepatomegaly, cardiac defects, camptodactyly, 

cryptorchidism 

IUGR, intrauterine growth retardation; ECG, electrocardiogram. 

the paucity of prospective studies and the small 

sample size in the majority of retrospective re- 

ports. However, most authors support a detailed 

level II ultrasonographic evaluation of a fetus 

with single umbilical artery to assess for the 

presence of any associated congenital malforma- 

tions.’!?!?*> Some studies have also supported 

the use of routine fetal echocardiogram. !*1?7°. 
Genetic counseling, amniocentesis, and kary- 

otype evaluation is recommended if any addi- 

tional congenital malformations are identified. 

However, the guidelines for management of 

a neonate born with apparently isolated single 

umbilical artery are even less clear. A meta- 

analysis published in 1998 concluded that exten- 

sive urologic radiographic investigation in 

asymptomatic newborns with “isolated” single 

umbilical artery was not necessary.” The diag- 

nosis of “isolated” single umbilical artery in these 

studies was primarily based on a normal physi- 
cal examination and absence of any symptoms 
at birth. However, several other authors have 
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questioned these recommendations and recom- 
mend routine renal ultrasound with or without 
micturating cystourethrogram in all infants with 

single umbilical artery.4***° These recommen- 
dations are based on observations that nearly 

16% of infants with isolated single umbilical 
artery have a renal anomaly and in half of these 

cases, these malformations are severe and per- 

sistent on follow up.*? There are no existing 
recommendations for cranial ultrasound, 

echocardiogram, or genetic evaluation of these 

infants. However, review of obstetric literature 

clearly indicates that the incidence of associated 
congenital malformations is significantly higher 

in fetuses with single umbilical artery and 5—30% 

of fetuses with single umbilical artery and a nor- 

mal prenatal ultrasound are noted to have ma- 

jor congenital malformations at birth.7.1???? 
IUGR is common among infants with single um- 

bilical artery and the incidence of associated 
congenital malformations is reported to be higher 

in fetuses with IUGR. Based on this data, it seems 

appropriate that all neonates with single umbili- 
cal artery should be examined thoroughly at birth 

for the presence of any dysmorphic features and 

minor or major external congenital malforma- 
tions. Tracheoesophageal fistula and lower 

anorectal anomalies should be excluded. The de- 
cision to perform cranial, renal ultrasound and 

echocardiography should be made based on the 

extent and reliability of prenatal evaluations and 

postnatal examination. These noninvasive stud- 

ies should be strongly considered in an infant 

with no prenatal evaluation, IUGR, and in infants 

with other anomalies on exam; but could be de- 

ferred in asymptomatic, healthy infant with neg- 

ative level II USG and fetal echocardiography. 
Future studies will be necessary to answer these 

questions conclusively. 

> PROGNOSIS 

Low placental weight and IUGR are frequently 

seen in infants with single umbilical artery at birth. 

IUGR is reported to occur in 26-28% of all cases 

of single umbilical artery and 15-20% of cases 

where no other associated congenital anomalies 

were seen.' Perinatal mortality rates are also sig- 

nificantly higher in these infants even in absence 

of associated anomalies and range from 8% to 

60%, with a mean mortality rate of 20%." The 
side of the missing artery has no predictive value 

for poor outcome.’” There are no recent long- 

term studies to evaluate the outcome of infants 

born with single umbilical artery beyond infancy. 
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CHAPTER 49 

Sacral Dimple and Other 
Cutaneous Markers of Occult 

Spinal Dysraphism 
PRAVEEN KUMAR 

> INTRODUCTION 

The association between congenital cutaneous 

lesions and underlying dysraphic conditions of 

the spinal cord has been known for several 

decades. Spinal dysraphism is one of the most 

common congenital malformations of the central 

nervous system (CNS). The incidence of open 

defects, such as meningomyelocele, is reported 

to be up to 2 per 1000 live births and the occult 

lesions are likely to have an even higher inci- 

dence. Since a significant proportion of individ- 

uals with occult spinal dysraphism remain 

asymptomatic and are never diagnosed, the ex- 

act incidences of occult spinal dysraphism and 

cutaneous markers of occult spinal dysraphism 

are not entirely clear. Although as many as 

45-95% of infants with occult spinal dys- 

raphism have a cutaneous abnormality of the 

lumbosacral region, not all cutaneous lesions 

can accurately predict the presence of an un- 

derlying occult spinal dysraphism.'* 
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> EPIDEMIOLOGY 

The incidence of potential dorsal cutaneous 

markers of occult spinal dysraphism in the 

healthy neonatal population is reported to range 

from 1.9% to 7.2%.*° North American and 
British studies have reported simple dimples as 

the most common cutaneous marker and these 

lesions account for 75% of all infants presenting 

with cutaneous markers of occult spinal dys- 

raphism.*” In contrast, a hair patch was the most 
common finding in the only study from South 

America, highlighting ethnic differences in the 

distribution of these findings.° Nearly 2-8% of 

all infants with cutaneous markers are diag- 

nosed to have occult spinal dysraphism on 

spinal ultrasound and as many as 40% of all in- 

fants with atypical dimples and 60-70% of all in- 

fants with two or more cutaneous markers have 

been reported to have underlying occult spinal 

dysraphism on screening ultrasound.'*”” More 
than one cutaneous lesion suggestive of occult 
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spinal dysraphism are reported in about 5% of all 

infants with cutaneous markers but are present in 

nearly two-thirds of all infants with occult spinal 

dysraphism.* No consistent risk factors or gen- 

der differences have been reported. 

> EMBRYOLOGY 

Both skin and nervous system share a common 

ectodermal origin during early embryogenesis. 

The separation of neural and cutaneous ecto- 

derm, a process called disjunction, occurs be- 

tween the third and fifth week of gestation and 

is one of the most vulnerable stages in the hu- 

man development. With complete separation of 

neural and cutaneous ectoderm, mesoderm in- 

serts between these two layers and forms 

meninges, vertebral column, and muscles. In- 

complete separation of neural and cutaneous 

ectoderm results in abnormal development of 

the spinal cord with or without a persistent con- 

nection with the overlying skin and may also 

produce abnormalities in the tissues derived 

from mesoderm and cutaneous ectoderm. 

> CLINICAL PRESENTATION 

The term occult spinal dysraphism includes a 

variety of spinal malformations which are 
caused by imperfect fusion of midline neural, 

mesenchymal, and bony structures and are cov- 

ered by intact skin. In most cases, the neural 

lesion is often subtle, and the major overt ab- 

normality involves the vertebrae, the overlying 

dermal structures, or both. The skin lesions as- 

sociated with occult spinal dysraphism have been 
reported under many different names such as “der- 

mal stigmata,” “cutaneous markers,” and “cuta- 

neous signatures” among others, and usually are 

the only clinical feature suggestive of occult spinal 

dysraphism in an otherwise healthy newborn. 

Cutaneous markers are present in nearly 45-95% 

of all patients with occult spinal dysraphism and 

may occur alone or in combination.*”'° Most of 

these lesions are seen in the lumbosacral region 

but may also be present in cervical or thoracic 

region and have similar clinical significance. 

The following skin lesions have been described 

in these patients. 

> DIMPLES AND DERMAL SINUSES 

Cutaneous dimples (Fig. 2-5) are commonly seen 

in lumbosacral area and are a common cause of 

physician anxiety. Although, these can be a sign 

of occult spinal dysraphism, most infants are 

healthy and do not require any imaging studies. 

A cutaneous dimple within the gluteal crease is 

usually benign and is also called a typical or 

simple dimple or coccygeal pit, and may occur in 

nearly 4-5% of normal infants.'?'* Lesions which 

are >5 mm in diameter, >2.5 cm above the anus 

or cephalad to the gluteal crease or associated 

with other cutaneous markers are called .atypi- 

cal dimples. Atypical dimples are associated with 

occult spinal dysraphism in as many as 40% of 

patients and neuroimaging studies are indicated 

in these infants. Dimples are sometimes referred 

to as “shallow” or “deep” dimples based on 

whether the bottom of the canal is visible or not. 

This observation is not reliable and should not 

be used as a criterion for further workup. Der- 

mal sinuses are epithelium-lined fistulae which 

extend from the skin surface inward for a vari- 

able distance and connect to the meninges in 

nearly 50% of cases.'* The incidence of dermal 

sinuses is reported as 1 in 2500 live births." 
A midline dimple may be an only finding on 

clinical examination. Associated vertebral anom- 

alies are not common but have been reported. 

Complications of dermal sinuses are related to 

their association with dermoid or epidermoid tu- 

mors, association with other types of occult 

spinal dysraphism and the risk of infection. Teth- 

ered cord may be present in nearly 80% and in- 

tradural tumor in 50% of patients with dermal si- 
nuses.'' These lesions are located above the 
gluteal cleft and tract is directed superiorly and 
may extend a considerable distance to terminate 
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several spinal segments above the cutaneous 
opening. All dermal sinuses above the gluteal 
crease should be presumed to have communi- 
cation with subarachnoid space until proven oth- 
erwise. The majority of all dermal sinuses occur 
in the lumbosacral area but can occur anywhere 
along the spine. 

> HYPERTRICHOSIS/HAIRY 
PATCH 

An unusual pattern of hair growth along the 

midline is another common cutaneous marker 

of occult spinal dysraphism. It is important to 

differentiate abnormal hair patches from normal 

mild hypertrichosis seen in certain ethnic groups 

such as Mediterranean and Hispanic popula- 

tions. Hair growth in a normal infant is more 

diffuse, less thick, and has normal skin under 

the hair. In contrast, abnormal hair growth is of- 

ten localized to the lumbosacral area and may 

present as a “silky down” or “faun tail.” Silky 

down is a hairy line of fine, soft, lanugo hair 

limited to a discrete midline area. A faun tail is 

a wide, often triangular or lozenge-shaped patch 

of coarse hair, usually several inches long and 

localized to the lumbosacral region (Fig. 49-1). 

The underlying skin in an infant with an abnor- 

mal hair patch is coarser than the surrounding 

skin. These hairy patches are frequently associ- 

ated with diastematomyelia and tethered cord. 

Cosmetic treatment of these lesions is con- 

traindicated before complete neurologic and ra- 

diologic evaluation has been completed. 

> LIPOMAS 

Lipomas either occurring alone or in combina- 

tion with other cutaneous markers are the most 

common midline cutaneous lesions associated 

with occult spinal dysraphism and are reported 

in nearly half of these patients.’ These lesions 

are usually but not always located in the mid- 

line, can present as a subcutaneous mass or de- 

viated gluteal fold, and can go unnoticed for 

years (Fig. 49-2). 

Figure 49-1. Faun tail hypertrichosis (Reprinted 

with permission from Guggisberg D, Hadj-Rabia 

S, Viney C, et al. Skin markers of occult spinal 

dysraphism in children: a review of 54 cases. 

Arch Dermatol. Sep 2004;140(9):1109-15.Copy- 

right 2004, American Medical Association. All 

rights reserved.) 

Figure 49-2. Sacral lipoma and deviated 

gluteal fold (Reprinted with permission from 
Guggisberg D, Hadj-Rabia S, Viney C, et al. Skin 
markers of occult spinal dysraphism in children: 

a review of 54 cases. Arch Dermatol. Sep 

2004;140(9):1109-15.Copyright 2004, American 

Medical Association. All rights reserved.) 
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Figure 49-3. Lumbosacral hemangioma 

(Reprinted with permission from Guggisberg D, 

Hadj-Rabia S, Viney C, et al. Skin markers of oc- 

cult spinal dysraphism in children: a review of 54 

cases. Arch Dermatol. Sep 2004;140(9):1109-15. 

Copyright 2004, American Medical Association. 

All rights reserved.) 

> HEMANGIOMA AND OTHER 
VASCULAR MALFORMATIONS 

Midline, lumbosacral hemangiomas, and te- 

lengiectasias have also been reported as mark- 
ers of occult spinal dysraphism (Figs. 49-3 and 

49-4).'*1> Hemangiomas associated with occult 

spinal dysraphism are usually >4 cm in size and 

are frequently associated with other cutaneous 

markers of occult spinal dysraphism.*” The 

need for neuroimaging studies in an infant with 

solitary capillary malformation is less clear.’°17 

> APLASIA CUTIS AND 
CONGENITAL SCARS 

Aplasia cutis is a congenital absence of skin 

and occurs most frequently on the scalp. Apla- 

sia cutis and its variant lesion in the lumbosacral 

area have been reported in association with oc- 

cult spinal dysraphism.'° A small area of scari- 

fied loss of skin described as a “cigarette burn” 

in association with occult spinal dysraphism 

may also be a variant of aplasia cutis. 

> ACROCHORDONS, TAILS, 
AND PSEUDOTAILS 

An acrochordon is a small flesh-colored or dark 

brown papule or nodule which is skin covered, 

sessile, or pedunculated and is composed of 

epidermis and dermal stalk. These lesions are 

also described as “skin tags” sometimes. A true 

Figure 49-4. A. Lumbosacral port-wine stain, lipoma, dermal sinus, and deviated gluteal fold. 
B. Lumbosacral hamartoma (Reprinted with permission from Guggisberg D, Hadj-Rabia S, Viney 
C, et al. Skin markers of occult spinal dysraphism in children: a review of 54 cases. Arch Dermatol 
Sep 2004;140(9):1109-15. Copyright 2004, American Medical Association. All rights reserved.) 
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Figure 49-5. A human tail (Reprinted with 

permission from Guggisberg D, Hadij-Rabia S, 

Viney C, et al. Skin markers of occult spinal dlys- 

raphism in children: a review of 54 cases. Arch 

Dermatol. Sep 2004;140(9):1109-15. Copyright 

2004, American Medical Association. All rights 

reserved.) 

or persistent vestigial tail is a caudal midline ap- 

pendage consisting of a central core of muscle, 

adipose tissue, connective tissue, blood vessels, 

and nerves (Fig. 49-5). A true tail may have 
spontaneous or reflex motion. In contrast, a 
pseudotail is a caudal protrusion of normal or 

abnormal tissues such as adipose tissue, carti- 

lage, or teratoma. These lesions have been as- 

sociated with occult spinal dysraphism. 

Hyper- and hypopigmented lesions have 

also been reported in association with occult 

spinal dysraphism but these associations are less 

clearly defined. 

> SIGNIFICANCE OF AN EARLY 
DIAGNOSIS OF OCCULT SPINAL 

DYSRAPHISM 

The term occult spinal dysraphism includes many 

different congenital malformations of the spine 

such as spina bifida occulta, diastematomyelia, 

tethered cord, intraspinal lipoma, dermal sinus, 

dermoid cysts, and lipomyelomeningoceles among 

others. Abnormalities of the conus medullaris and 

filum terminale are the most common findings 

in infants with occult spinal dysraphism. The 

conus is usually prolonged and filum terminale 

is thickened and these structures may be “teth- 

ered” or fixed at their caudal end. Tethering of 

the cord can result in mechanical traction on the 

cord in some cases as the bony spine grows 

faster than the spinal cord in early infancy. The 

cord traction may also impair the microcircula- 

tion of the cord, causing progressive ischemia 

and neural dysfunction.® In other lesions, me- 

chanical pressure on the neural tissue or a combi- 

nation of both traction and pressure is responsible 

for neurological damage, which may be progres- 

sive and irreversible in some cases. Although 

earlier studies had suggested that early surgical 

intervention may prevent neurological dysfunc- 

tion and improve long-term outcome in patients 

with occult spinal dysraphism, these results have 

been questioned by some recent studies.* How- 

ever, early detection and surgical excision of the 
dorsal dermal sinus can prevent recurrent in- 

traspinal infection and its associated morbidity 

and mortality. 

> EVALUATION 

Although early detection and prompt neurosur- 

gical intervention in patients with occult spinal 

dysraphism may be beneficial, it is equally im- 

portant to identify infants not at risk of associ- 

ated occult spinal dysraphism accurately to 

avoid parental anxiety and indiscriminate use of 

limited resources. Several studies have shown 

that a simple dimple or coccygeal pit is not as- 

sociated with occult spinal dysraphism and no 

workup is necessary in these infants.?°~’ These 

studies have also reported that a combination of 

two or more congenital midline skin lesions is 

the strongest marker of occult spinal dys- 

raphism. However, the relative significance of 

each cutaneous marker when present alone, has 
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been a matter of dispute. It is recommended to 

have a high index of suspicion in the presence 

of a lipoma, true or pseudotails, a dermal sinus, 

aplasia cutis, or faun tail hypertrichosis. In contrast, 

the index of suspicion is lower for nonspecific 

hypertrichosis, isolated vascular malformations, or 

pigmentary abnormalities. It is also important to 

remember that dimples or sinuses should not 

be probed because of the risk of injuring neural 

structures as well as the risk of introducing in- 

fection. Similarly, lumbar puncture should be 

avoided, if possible, to prevent inadvertent 

trauma to a low-lying tethered cord. 

Based on current evidence, Robinson et al 

proposed the following questionnaire to help 

clinicians decide when to evaluate infants with 

cutaneous markers of occult spinal dysraphism.’ 

1. Was the antenatal scan abnormal? 

2. Is the cutaneous lesion other than a simple 

dimple or pit? (Simple dimple was ,defined 

as <5 mm in diameter, in the midline and 

<2.5 cm from the anus) 
3. Are there any other occult spinal dysraphism 

associated congenital abnormalities such as 

genitourinary malformations or the anom- 

alies associated with the CEARMS (cloacal 
exstrophy anorectal malforation-spectrum) 

or VACTERL (vertebral, anal, cardiac, tracheal, 

esophageal, renal, and /imb) syndromes? 

4, Are there any occult spinal dysraphism- 

associated neurologic, urologic, or orthopedic 

signs or symptoms such as, urinary inconti- 

nence, weakness, spasticity, loss of sensation, 

scoliosis, talipes, congenital dislocation of 

hip, or pes cavus? 

If the answer is “yes” to any of these ques- 

tions, a screening ultrasound should be per- 

formed. An ultrasound of the spine should also 

be done in any infant with an infected dimple 

or dermal sinus irrespective of the site of lesion. 

Some recent studies have shown that a mag- 

netic resonance imaging (MRD of the spine is 

the best radiologic imaging modality in these 

patients.’’'® Because the posterior elements 

of the spine are not ossified in the neonate, 

high-resolution spinal ultrasound allows quick 

and noninvasive evaluation of the spinal cord, 

costs less than MRI, and does not require any 

premedication for sedation which makes it the 

preferred method of screening newborns with 

cutaneous markers of occult spinal dysraphism. 

It is important to explore the entire spinal cord 

because the skin defect does not always overlie 

the underlying spinal dysraphism. An important 

limitation of ultrasound is interoperator variabil- 

ity based on their experience with this infre- 

quent test. The sensitivity of neonatal ultrasound 

for detection of occult spinal dysraphism is re- 

ported to be in 50-70% range.”"'” In view of these 
limitations, some authors suggest that all infants 

with two or more cutaneous markers or an iso- 

lated cutaneous marker in the high index of sus- 

picion group should get an MRI of the spine as 

initial evaluation. For all other infants, MRI should 

be done if the initial ultrasound is abnormal, 

equivocal, or technically difficult. 

> GENETIC COUNSELING 

If proven to be associated with occult spinal 

dysraphism, these lesions should be considered 

to be part of the neural tube defect spectrum 

and have similar recurrence risk and genetic im- 

plications, which are discussed in the chapter 

on spina bifida (Chap. 4). Recurrence risk data 

for infants with these lesions in the absence of 

associated occult spinal dysraphism is not well 

studied but is likely to be same as in the general 
population. 
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CHAPTER 50 

Hemihyperplasia and 
Overgrowth Disorders 

PRAVEEN KUMAR 

> INTRODUCTION 

An overgrowth disorder is defined as a condi- 

tion in which there is localized or generalized 

excessive growth and physical development for 

the age and sex of the individual.’ Weaver clas- 

sified overgrowth syndromes in the following 

three broad categories: 

1. Generalized overgrowth syndromes which 

include conditions in which all or most para- 

meters of growth and physical development 

are in excess of two standard deviations 

above the mean for the person’s age and 

sex such as, Sotos syndrome. The condi- 

tions in this category could have either pre- 

natal or postnatal onset of overgrowth. 

. Regional overgrowth disorders include 

those in which excessive growth is confined 

to one or a few regions of the body such as, 

isolated hemihypertrophy; these disorders 

also have their onset in either the prenatal 

or postnatal period. 

. Parameter-specific overgrowth disorders in 

which a single growth parameter is in excess 

of normal such as obesity or tall stature; most 

of these disorders have a postnatal onset. 
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Most overgrowth disorders seen in a neonate 

have prenatal onset and will fall into either the 

generalized or regional overgrowth disorder cat- 

egory. The following discussion will review the 

approach to the evaluation of a neonate with 

generalized or regional overgrowth disorders 

and does not include large for gestational age 

infants of diabetic mothers. 

> EPIDEMIOLOGY/ETIOLOGY 

The true prevalence of overgrowth disorders 

among neonates is not clearly established. The 

overgrowth syndromes are rare and only a hand- 

ful of cases have been reported for some syn- 

dromes. The incidence of Beckwith-Wiedemann 

syndrome (BWS), one of the most common over- 

growth syndromes, is reported to be 1:14,000 

births.*° A recent series of observations have 
suggested a link between assisted reproduc- 

tion and imprinting disorders such as BWS and 

Angelman syndrome.* A retrospective study re- 

ported a risk of BWS in an in vitro fertilization 

population to be approximately 1 in 4000.’ Several 

population-based studies have reported a preva- 

lence rate of hemihypertrophy to range from 1 in 
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13,000 to 1 in 86,000 live births.° However, these 

studies did not differentiate nonsyndromic hemi- 

hypertrophy from that occurring as part of a gen- 

eralized overgrowth syndrome. 

The onset of prenatal overgrowth in most 

cases can be attributed to hyperplasia (excessive 

cellular proliferation), hypertrophy (excessive cel- 

lular size), increase in interstitium, or some com- 

bination of these three factors.” Although the 

precise etiology and mechanism of overgrowth 

in many conditions is not completely under- 

stood, the recent advances in molecular genetics 

and better understanding of factors controlling 

normal fetal growth have provided a better in- 

sight into pathogenesis of overgrowth syn- 

dromes. It is likely that alterations of insulin-like 

growth factors, their cell-surface receptors, 

insulin-like growth factor-binding proteins, epi- 

dermal growth factors, human placental lacto- 

gen, and the regulators of these factors cause 

many of these disorders." 
hI 

> CLINICAL FEATURES AND 
ASSOCIATED SYNDROMES 

As noted earlier, an overgrowth disorder can 

present either as excessive growth and physical 

development of a localized part of the body or 

as a generalized disorder. 

> GENERALIZED OVERGROWTH 
SYNDROMES 

Generalized overgrowth syndromes include con- 

ditions in which all or most parameters of growth 

and physical development are in excess of two 

standard deviations above the mean for the per- 

son’s age and sex such as in Soto’s syndrome. 

The conditions in this category could have ei- 

ther prenatal or postnatal onset of overgrowth. 

Various disorders of generalized overgrowth of 

prenatal onset are listed in Table 50-1. The clin- 

ical features will vary depending on the under- 

lying disorder, but all infants with syndromic 

generalized overgrowth disorders usually ex- 

hibit other anomalies, frequently have cognitive 

delays, and often have a higher incidence of 

certain malignancies. 

> REGIONAL OVERGROWTH 

SYNDROMES 

These disorders with regional asymmetric over- 

growth were traditionally termed hemihyper- 

trophy but are more accurately referred to as 

hemihyperplasia in recent literature since the 

underlying defect usually involves an abnormal 

proliferation of cells rather than an increase in 

the size of existing cells. These disorders are 

characterized by asymmetric growth of cranium, 

face, trunk, limbs, and/or digits, with or without 

visceral involvement.’ The overgrowth may in- 

volve an entire half of the body, a single limb, 

one side of the face, or combination thereof. 

Rowe (1962) proposed a classification system 

for hemihyperplasia, based on the anatomic site 

of involvement:'° 

1. Complex hemihyperplasia—involvement of 

half of the body (at least one arm and one 

leg on the ipsilateral or contralateral side), 

2. Simple hemihyperplasia—involvement of a 

single limb, 

3. Hemifacial hemihyperplasia—involvement 

of one side of the face. 

Although the diagnosis of a generalized 

overgrowth syndrome is easily suspected in a 

large-for-gestational age infant, the diagnosis of 

hemihyperplasia may be more difficult in the new- 

born period. The asymmetry is easily detected in 

its severe form but the smaller discrepancies in 

limb length and circumference may not be eas- 

ily apparent in a newborn. It is also important to 

differentiate between normal variation and 
pathological asymmetry. In the normal adult 
population, extremities may differ in length and 
circumference by as much as 1-2 cm compared 
with the contralateral limb."’ In a study of 1000 
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> TABLE 50-1 Generalized Overgrowth Syndromes in Newborn 

Syndrome Features Etiology 

Beckwith-Wiedemann 

Perlman 

Sotos 

Weaver 

Bannayan-Riley- 

Ruvalcaba 

Simpson-Golabi- 

Behmel 

Elejalde 

Nevo 

Marshall-Smith 

Macroglossia, infraorbital creases, ear lobe 

creases and pits, abdominal wall defects, 

neonatal hypoglycemia, visceromegaly, risk 

for abdominal neoplasms, hemihypertrophy, 

polyhydramnios, large placenta 

Hypotonia, mental retardation, serration of upper 

alveolar ridge, nephromegaly, bilateral cortical 

hamartomas, and nephroblastomatosis 

Macrocephaly, dolichocephaly, downslanting 

palpebral fissures, hypertelorism, prognathism, 

high narrow palate, premature eruption of teeth, 

large hands and feet, kyphoscoliosis, mental 

deficiency 

Mental retardation, hypertonia, hoarse voice, 

macrocephaly, round face, ocular hypertelorism, 

down-slanting palpebral fissures, long philtrum, 

large ears, micrognathia, camptodactyly, thin 

deep-set nails, prominent fingertip pads 

Delayed gross motor development, hypotonia, 

speech delay, mental deficiency, macrocephaly, 

pseudopapilledema, mesodermal hamartomas, 

lipid storage myopathy 

Macrocephaly, ocular hypertelorism, short broad 

nose, large mouth, macroglossia, variable mental 

retardation, hypotonia, postaxial polydactyly of 

hands, nail hypoplasia, partial cutaneous 

syndactyly, cryptorchidism, supernumerary 

nipples, cardiac defects, gastrointestinal defects, 

large cystic kidneys 

Craniosynostosis, gross edema, short limbs, 

postaxial polydactyly, redundant neck skin, cystic 

renal dysplasia, congenital heart defect, spleen 

anomaly, micromelia 

Large, low-set malformed ears, cryptorchidism, 

accelerated osseous maturation, dolichocephaly, 

large extremities, clumsiness and retarded motor 

and speech development, generalized edema, 

hypotonia, contractures of the feet, wrist drop, 

clinodactyly 
Accelerated linear growth, skeletal maturation, 

postnatal failure to thrive, hypotonia, 

development delay, structural brain anomalies, 

respiratory tract anomalies, recurrent pneumonia, 

pulmonary hypertension, dolichocephaly, coarse 

eyebrows, shallow orbits, blue sclerae, upturned 

nose, low nasal bridge, small mandibular ramus, 

hypertrichosis, umbilical hernia, choanal atresia, 

omphalocele 

Autosomal dominant, 

sporadic 

Autosomal dominant 

Sporadic 

Sporadic 

Autosomal dominant 

X-linked recessive 

Autosomal recessive 

Autosomal recessive 

Sporadic 

349 
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army recruits, only 23% were found to have 

lower extremities of equal length; and 15% had 

a discrepancy of 1.0 cm or more.° Based on these 

studies, a threshold of a 5% difference was pro- 

posed to define abnormal asymmetry which 

would translate into a difference of <1 cm in 

lower extremity length in a young infant. Cur- 

rently, there are no well-accepted objective cri- 

teria for distinguishing hemihyperplasia from nor- 

mal variation in children. It is equally important 

to differentiate if the larger side is hypertrophied 

or the smaller side is atrophied. Hemihyperplasia 

may be an isolated finding in some infants and 

is referred to as isolated hemihyperplasia while 

in others it may be part of a multiple malfor- 

mation syndrome. Table 50-2 summarizes the 

PART IX MISCELLANEOUS MALFORMATIONS 

common malformation syndromes associated 

with hemihyperplasia. 

> ISOLATED HEMIHYPERPLASIA 

In a large multicenter series, the diagnosis of 

isolated hemihyperplasia (HH) was made in a 

patient with hemihyperplasia if multiple major or 

minor anomalies and a known overgrowth syn- 

drome were excluded.’ Females are affected more 
frequently and a right preponderance has been 

reported.*? Visceromegaly and medullary sponge 
kidney are frequently reported associated findings 

in these infants. Facial asymmetry and nervous 

system involvement such as hemimegalencephaly 

> TABLE 50-2 Syndromes Associated with Hemihyperplasia at Birth 

Syndrome Features 

Beckwith-Wiedemann 

to neoplasia 

Omphalocele,, hypoglycemia, generalized 

overgrowth, macroglossia, visceromegaly, 

ear lobe pits and creases, predisposition 

Etiology 

Heterogeneous; mostly 

sporadic, but Autosomal 

dominant in some 

families; gene on 11p15.5 
Neurofibromatosis® 

Klippel-Trenaunay- 

Weber 

Proteus 

McCune-Albright* 

Epidermal nevus 

Triploid/diploid 

mixoploidy 

CNS, central nervous system. 
“Usually presents later in life. 

Café-au-lait spots, hypopigmented patches, 

axillary freckling, neurofibromas, iris Lisch 

nodules, macrocephaly, scoliosis, 

hypertension, CNS tumors 

Hemangiomata, lymphatic anomalies, 

poly/syndactyly, oligodactyly, macrocephaly, 

glaucoma, cataracts 

Lipomata, hemangiomata, macrocephaly, 

scoliosis, macrodactyly, gyriform changes 
on soles of feet 

Fibrous dysplasia of bones, irregular 

hyperpigmentation, precocious puberty, 

hyperthyroidism, hyperparathyroidism, 

other endocrinopathies 

Epidermal nevi; pigmentary changes, mental 

deficiency, seizures, CNS malformations, 

kyphoscoliosis, potential for malignancy 
Large placenta with hydatidiform changes, 

incomplete calvarial ossification, 

microretrognathia, microphthalmia, 

colobomata, cataracts, irregular skin 
pigmentation, syndactyly 

Autosomal dominant 

Unknown; sporadic 

Unknown; sporadic 

Unknown; sporadic; 
female predominance 

Heterogenous; usually 
sporadic 

Chromosomal diploid/ 
triploid mosaicism 
(may be found only 
in fibroblasts) 
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and unilateral peripheral nerve enlargement 
have also been reported.” Patients with central 
nervous system (CNS) involvement are at risk of 
developing seizures and mental deficiency. IHH 
is assumed to be sporadic but familial cases have 

been reported.'* Hemihyperplasia occurs in ap- 

proximately 13% of patients with BWS and it has 

been suggested that infants with IHH represent 
a partial or incomplete expression of BWS in 
some cases.” 

> EVALUATION AND MANAGEMENT 

All infants suspected to have overgrowth syn- 

drome should have careful physical examination 

to evaluate for associated major and minor anom- 

alies. It may be helpful to obtain a detailed family 

history and to evaluate the parents and siblings of 

the affected infant as well. There may be a sig- 

nificant phenotype overlap between different 

syndromes and an early genetic evaluation is 

necessary in all cases. All four limb lengths and 

circumferences should be measured accurately 

to determine any asymmetry and for future com- 

parison. Blood sugar values should be monitored 

closely for first 3-7 days as untreated hypo- 

glycemia is an important cause of developmen- 

tal delay in many infants with BWS. A baseline 

skeletal survey for bone length, bone age, and 

scoliosis; and abdominal ultrasound to evaluate 

for visceromegaly, anomalies, and to exclude any 

tumors should be done in all infants. An MRI of 

brain should be considered in all infants if the di- 

agnosis is not clear or craniofacial asymmetry 

with or without neurological signs is present. 

Conventional cytogenetic analysis of periph- 

eral blood lymphocytes should be done in all 

cases and high-resolution banding and in situ 

fluorescence hybridization may be used in spe- 

cific cases. Further uniparental disomy analysis 

and methylation analysis for BWS should be 

done in consultation with a geneticist in all cases 

suspected of BWS. Stratification of BWS cases 

according to the methylation pattern, also referred 

to as epigenotyping, can help in predicting the 

risk for future tumor development.'*!* The af- 

fected children, particularly patients with IHH, 

require regular orthopedic follow-up to monitor 

for limb length discrepancies and associated sco- 

liosis and gait abnormalities. Infants with 

medullary sponge kidneys will require monitor- 

ing of their renal function every 6 months and 

periodic nephrology follow up as necessary. 

> PROGNOSIS 

The long-term prognosis will depend on the un- 

derlying disorder and the presence or absence of 

associated congenital anomalies. Patients with 

isolated hemihyperplasia with no associated con- 

genital malformations are likely to have an aver- 

age life span.” The cognitive outcome of infants 

with overgrowth disorders is primarily related to 

the underlying syndrome and was reviewed in a 

recent article by Cohen.’” The cognitive outcome 

of infants with BWS, the most common cause of 

generalized overgrowth in the newborn, corte- 

lates more to their neonatal course and episodes 

of untreated hypoglycemia. Patients with cranio- 

facial anomalies and hemimegalencephaly are at 

higher risk of developmental delays. 

> RISK OF NEOPLASMS IN 
OVERGROWTH SYNDROMES 

Several reports have confirmed a significantly 

higher risk of neoplasms in infants with over- 

growth syndromes. Overgrowth disorders are 

characterized by dysregulation of normal cellu- 

lar growth-control mechanisms and it has been 

proposed that the same abnormalities also pre- 

dispose these patients to future development of 

neoplasms. These tumors may be present at 

birth or may develop during childhood. The 

greatest risk for tumor development is in early 

childhood. The incidence of tumor develop- 

ment in BWS and IHH has been reported to be 

about 7.5% and 5% respectively, which is several 

hundred times higher than the incidence of 
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> TABLE 50-4 Classification of Overgrowth Syndromes According to Tumor Risk 

High tumor risk Malignant tumors 

Benign tumors 

Mild/moderate tumor risk Malignant tumor 

Benign tumors 

Very low/no tumor risk 

Perlman syndrome, Simpson-Golabi-Behmel 

syndrome, Beckwith-Wiedemann syndrome, 

Isolated hemihyperplasia 

Proteus syndrome, Bannayan-Riley-Ruvalcaba 

syndrome, Klippel-Trenaunay syndrome 

Bannayan-Riley-Ruvalcaba syndrome, 

Klippel-Trenaunay syndrome, Sotos 

syndrome, Weaver syndrome, Proteus 

syndrome, Macrocephaly-cutis marmorata 

Isolated hemihyperplasia, Beckwith-Wiedemann 
syndrome 

Marshall-Smith syndrome 

(Reprinted from Lapunzina P. Risk of tumorigenesis in overgrowth syndromes: a comprehensive review. Am J Med 
Genet C Semin Med Genet. Aug 15, 2005;137(1):53-71. Reprinted with permission of Wiley-Liss, Inc., a subsidiary 
of John Wiley & Sons, Inc.) 

these tumors in the general population. The 

most common tumor in these infants is Wilms 

tumor followed by hepatoblastoma, adrenal cell 

carcinoma, and others.*? BWS infants with 

hemihyperplasia are nearly five times more 

likely to have a tumor compared to BWS infants 

with no asymmetry of growth.'°!7 Another risk 

factor for future development of Wilms tumor in 

BWS is persistent nephromegaly.'° 

Based on a recent comprehensive review of 

the risk of tumorigenesis in overgrowth syn- 

dromes, Lapunzina reported the empiric risk of 

tumor development in various overgrowth syn- 

romes (Table 50-3) and classified these disor- 

ders in high, mild/moderate, and very low/no 

tumor risk categories (Table 50-4).* Abdominal 

location comprises >90% of all tumors in chil- 

dren with BWS, IHH, Perlman syndrome, and 

Simpson-Golabi-Behmel syndrome; patients 

with these disorders need to be evaluated reg- 

ularly for intra-abdominal embryonal tumors.” 

Extra-abdominal tumors account for 60-70% of 
cases in children with other overgrowth syn- 

dromes and guidelines for their regular follow 

up are less clear so far. Most studies have shown 

that it is cost effective and prudent to perform 

serial abdominal ultrasound in all infants with 

BWH and IHH every 3 months until 6-7 years 

of age.°”!®!9 After that, recommendations vary 

from follow up by physical examination to ser- 

ial abdominal ultrasound every 6 months until 

puberty or age 18 years or indefinitely.‘°!? Ser- 

ial estimation of serum alpha fetoprotein (AFP) 

every 3 months up to age 3 or 4 years has been 

reported to be helpful in early detection of he- 

patoblastoma.'*'*’? It is reported that tumor 
surveillance may not have a significant impact 

on overall survival, but has the potential to re- 

duce morbidity due to early detection.’” 

> GENETIC COUNSELING 

The primary care physician and geneticist should 

discuss the long-term implications of this diagno- 

sis, the need for close follow-up, and recurrence 

risk in future pregnancies which will depend on 

the cause of overgrowth in the index patient. The 

recurrence risk in BWS, the most common and 

well-studied cause of hemihyperplasia of prena- 

tal onset, will depend on the molecular etiology 

on genetic analysis but is low in large majority of 

families.? However, it can be as high as 50% in 
5-10% of all BWS patients who are usually born 

to mothers with a mutation in the CDKNIC gene.’” 
There are no well-documented reports of familial 

IHH and the recurrence risk is likely to be very 

low in these families.” 
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Cystic Hygroma 
PRAVEEN KUMAR 

> INTRODUCTION 

Cystic hygroma is a type of lymphangioma which 

is a congenital malformation of lymphatic chan- 

nels. Initial classification of lymphangioma di- 

vided these malformations into three categories 

on the basis of the size of the lymphatic spaces; 

(1) lymphangioma simplex is composed of 

capillary-sized thin-walled lymphatic channels; 

(2) cavernous lymphangioma is composed of di- 

lated lymphatic spaces; and (3) cystic hygroma 

or cystic lymphangioma is composed of cysts of 

variable sizes. Another classification of lymphatic 

malformation divided these malformations into 

microcystic, macrocystic, or combined. Based 

on this classification, macrocystic lymphatic mal- 

formations were referred to as cystic hygromas 

and microcystic lymphatic malformations as lym- 

phangiomas. Over the years, it has been noted 

that these classifications are arbitrary and most 

lesions are mixed. It has been suggested that the 

nature of surrounding tissue can determine these 

characteristics and these classifications should 

be abandoned in favor of lymphatic malforma- 

tions. Cystic hygromas can present as a single or 

multiloculated fluid-filled cavity which is com- 

monly seen in the cervical region. 

355 

> EPIDEMIOLOGY/ETIOLOGY 

Cystic hygroma or lymphangioma is an uncom- 

mon congenital malformation at birth with a re- 

ported incidence ranging from 1 in 6000 to 

10,000 live births." However a much higher in- 

cidence of this malformation has been reported 

among spontaneous abortions and on first and 

second trimester ultrasounds. Cystic hygroma is 

noted in as many as 0.5% of all spontaneous 

abortions and nearly 1 in 250 low-risk first trimester 

pregnancies in population-based studies.** There 

is no sex predilection and no secular trends but 

a higher incidence of cystic hygroma has been 

reported among Far East Asians. 

Both genetic and environmental factors have 

been implicated. Cystic hygroma is frequently 

associated with other anomalies as part of a 

malformation syndrome. Both chromosomal ab- 

normalities such as Turner syndrome, Down 

syndrome, and single gene disorders such as 

Noonan syndrome are frequently associated 

with this malformation. In addition, reports of 

cystic hygroma in multiple siblings in a family 

suggest a mendelian pattern of inheritance in 

some cases. Autosomal dominant with variable 

expression, autosomal dominant with germline 
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mosaicism, or autosomal recessive modes of in- 

heritance have been suggested. Any relation- 

ships between specific environmental factors, 

teratogens, and cystic hygroma are not well es- 

tablished. However, development of cystic hy- 

groma after exposure to alcohol, aminopterin, 

and trimethadione has been suggested.’ 

> EMBRYOLOGY 

The lymphatic system develops around the fifth 

week of gestation and establishes connection 

with the venous system near the end of the 

sixth week. There are six primary lymph sacs; 

two jugular sacs drain the head, neck, and arms; 

two iliac sacs drain the legs and lower trunk; and 

the remaining two, retroperitoneal lymph sac 

and cisterna chyli, drain the gut. The lymphatic 

vessels develop either as buddings from the pri- 

mary lymph sac or as endothelial outgrowths 

from the venous system and lead to establishment 

of communication between the lymphatic and 

venous system. Lymphatic malformations are a 

result of anomalous development of lymphatic 

channels or a defect in connection between lym- 

phatic and venous systems. A large majority of all 

lymphatic malformations are seen in the head 

and neck area and result from a failure of the 

primitive jugular lymphatic system to drain into 

the jugular vein. The widespread use of early 

prenatal ultrasound and serial follow up of the 

lesions identified in early pregnancy suggest that 

early gestation lesions may have a different 

etiopatho-logy and outcome as compared to the 

lesions diagnosed later in gestation or postna- 

tally. The developmental basis and reasons for 

appearance of these malformations in late gestation 

and postnatally are not completely understood. 

> CLINICAL PRESENTATIONS 

Cystic hygromas appear as painless, soft, doughy, 

freely mobile, and transilluminant masses. Up 

to 75% of all postnatal cystic hygromas are 

diagnosed at birth and most are diagnosed by 

the age of 5 years. A large majority of cystic hy- 

gromas are reported in the cervical region, the 

next common site is the axilla but they have been 

reported to occur in the groin, retroperitoneal 

area, mediastinum, trunk, and pelvis. Symptoms 

are related to the size, anatomic location, and 

extent of involvement. These lesions may vary in 

size from a few centimeters to a large mass com- 

pressing the surrounding structures which can 

lead to obstruction of the airway and difficulty in 

swallowing. Cervical cystic hygromas below the 

level of mylohyoid muscle are called type I 

lesion. These are well circumscribed and easily 

resectable. Type II cystic hygromas are above the 

mylohyoid muscle and have poorly defined mar- 

gins; these lesions are considered invasive and 

difficult to resect. Bleeding and infection are the 

two most common complications. 

Associated Malformations and . 

Syndromes 

A higher incidence of other malformations has 

been reported in association with cystic hygro- 

mas, both in the presence and absence of associ- 

ated chromosomal abnormalities. The disruption 

of normal tissue migration or organ displacement 

secondary to tissue edema has been proposed 

as an explanation for these associated anom- 

alies.° Overall, two-thirds of all cases have either 

chromosomal or major structural fetal abnormal- 

ities and 20-35% of all cases with a normal kary- 

otype have been reported to have associated 

malformations.**” Cardiovascular and craniofa- 
cial anomalies are most common but pulmonary, 

genitourinary, central nervous system, and mus- 
culoskeletal anomalies have also been reported 

with increased frequency; no definite patterns 
have been identified. 

The overall incidence of an abnormal fetal 
karyotype in pregnancies with cystic hygromas 
ranges from 50% to 75%,** A higher incidence of 
chromosomal abnormality is found in pregnan- 
cies with early gestation diagnosis of cystic hy- 
gromas compared to cystic hygromas that appear 



in late gestation or the postnatal period. Turner 
Syndrome, 45 XO, is the most common chromo- 
somal abnormality associated with cystic hygro- 
mas followed closely by Trisomy 21. It is estimated 
that 5% of fetuses with a cystic hygroma may 
have Down syndrome.” Other karyotypic abnor- 
malities and syndromes associated with cystic 
hygromas are listed in Table 51-1. 

> EVALUATION 

All fetuses with a prenatal diagnosis of cystic hy- 

groma should be evaluated by a detailed ultra- 

sound examination including echocardiogram 

to evaluate for associated structural malforma- 

tions and signs of hydrops fetalis. A detailed 

family and prenatal history, and karyotype 

should be obtained. These pregnancies should 

be followed closely to monitor progression of 

cystic hygromas and hydrops fetalis irrespective 

of karyotype results as there is no reliable 

method to predict which hygroma will regress 

or continue to progress. Initially it was considered 

important to differentiate between septated and 

nonseptated forms as the latter lesion may have 

lower incidence of chromosomal abnormalities 

and a better outcome as compared to the sep- 

tated cystic hygromas, but several subsequent 

studies have failed to show any difference in 

cutcome. However, it has been suggested that 

these nonseptated cystic hygroma should be 

considered a variant of increased nuchal translu- 

cency and are not included in some of the recent 

studies of cystic hygroma. 

If a diagnosis of cystic hygroma is first made 

at birth, the evaluation of infant should include: 

e Detailed family and prenatal history 

e¢ Complete physical examination for dysmor- 

phic features and signs of associated con- 

genital malformations 
e Evaluation of the infant, parents, and the 

siblings by a dysmorphologist/geneticist if 

additional finings are noted 

e Echocardiogram and abdominal ultrasound 

to exclude structural anomalies and effusions 

CHAPTER 51 CYSTIC HYGROMA 357 

¢ Chest radiographs and/or computed tomog- 

raphy (CT) to look for pleural effusion and 

signs of mediastinal extension of hygroma 

e Imaging of the lesion-preferably by mag- 

netic resonance imaging (MRI) but CT and 

ultrasound can also be used 

e Karyotype 

> MANAGEMENT AND PROGNOSIS 

Airway management at birth is crucial particu- 

larly in cases with a large cervical lesion. The 

establishment of airway access while placental 

perfusion to the fetus is maintained as in Ex- 

utero Intrapartum Treatment (EXIT) or Opera- 

tion On Placental Support (OOPS) procedures, 

should be considered in these cases. Surgical 

resection is the treatment of choice. Since this is 

a benign lesion, complete and total resection of 

the lesion is not necessary and sometimes not 

possible. Aggressive resection may lead to in- 

jury to surrounding tissues and neurovascular 

structures and may contribute to poor outcome 

and long-term morbidities. 

Alternative methods of treatment include in- 

jection of sclerosing agents, aspiration, laser 

diathermy, and radiation. None of these thera- 

pies have been efficacious but use of a newer 

sclerosing agent, OK-432 appears promising. 

OK-432, Picibanil, is derived from a low-virulent 

strain of Streptococcus pyogenes and requires 

several intralesional injections but appears to be 

a promising alternative to surgery. Spontaneous 

resolution of these lesions overtime has been 

reported and observation should be considered 

in absence of an urgent indication for interven- 

tion. Residual or recurrent hygroma is a frequent 

problem and their incidence varies with treat- 

ment modality and the site of lesion. 

> PROGNOSIS OF EARLY 
GESTATION CYSTIC HYGROMAS 

Cystic hygromas have historically been associ- 

ated with a grim prognosis when diagnosed in 
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early gestation. However, most of these earlier 

reports were based on small number of cases 

and were performed retrospectively. Some of 

the recent prospective studies have reported 

more reassuring results. The first and second 

trimester evaluation of risk (FASTER) trial, a 

prospective multicenter study funded by Na- 

tional Institute of Health, recently reported on 

the follow up of 134 cases of early gestation 

cystic hygroma.” Half of these cases had associ- 

ated chromosomal abnormalities and one-third 

of the remaining cases had major structural mal- 

formations. Pregnancy was terminated electively 

in 60% and spontaneous fetal demise occurred 

in 15% of all cases. Nearly one-third of all cases 

had no chromosomal or structural abnormalities 

on prenatal evaluation and half of these preg- 

nancies resulted in a live birth. Only 17% of all 

cases with early gestation diagnosis of cystic hy- 

gromas but 95% of cases with cystic hygromas 

with no chromosomal abnormalities and no 

associated structural malformation were -as- 

sessed to be normal on follow-up.*? Another 

study from the United States reported normal 

outcome in nearly 30% of all cases with early 

gestation cystic hygromas and 80% of all cases 

with a normal karyotype had a normal out- 

come.'° In contrast, several European studies 

have reported an overall “normal outcome” rate 

for pregnancies with first and second trimester 

diagnosis of cystic hygromas to be <10%.*7"" 
Abnormal karytope, associated structural mal- 

formation, presence of hydrops, lack of resolu- 

tion by late second or early third trimester, large 

size of hygroma (>6 cm), and a family history of 

cystic hygroma in a previous pregnancy have 

been associated with a poor prognosis. The res- 

olution of cystic hygroma does not appear to be 

always related to the karyotype or associated 

structural malformations. 

> PROGNOSIS OF CYSTIC 
HYGROMAS DIAGNOSED IN 
LATE GESTATION AND AT BIRTH 

The outcome data in cases when diagnosis of 

cystic hygroma is made in the late third 

trimester (after 30 weeks gestation) or at birth 

in a previously normal fetus is limited, but in 

general is reported to be more favorable. Table 

51-2 summarizes the differences between these 

two groups of patients with cystic hygroma. 

These lesions have also been referred to as 

late-onset isolated cystic hygroma. Based on 

current data, it seems appropriate to place 

cystic hygroma patients in the following three 

categories for counseling regarding prognosis 

> TABLE 51-2 Differences Between Early Gestation versus Late Gestation/Postnatal 
Cystic Hygroma 

Early Gestation Late Gestation/Postnatal 
ee a eee 

Incidence High Low 
Associated structural High Low 

malformation and 
syndromes 

Chances for spontaneous High Low 
resolution 

Site Almost-always nuchal Commonly nuchal but at 
other sites also 

Prognosis Guarded Variable 
Risk of chromosomal High ~1 in 250 Low ~1 in 6000 

abnormalities 

SET _ OiOO EE ———————— eee 



and outcome; (1) early gestation, normal kary- 
otype—good prognosis, (2) early gestation, 
abnormal karyotype—poor prognosis, (3) late 
gestation/postnatal-variable prognosis depending 
on the size. 

> GENETIC COUNSELING 

Genetic counseling and recurrence risk depend 

on the timing of appearance of cystic hygroma, 

associated chromosomal abnormality, identifi- 

cation of any associated syndromes, and family 

history. If a chromosomal abnormality or syn- 

drome is identified, recurrence risk would be 

based upon the pattern of inheritance of that 
particular disorder. 

After an early gestation diagnosis of cystic 

hygroma, the overall risk of fetal aneuploidy is 

50% and a residual risk of major structural mal- 

formation or spontaneous death in cases with 

normal karyotype is also approximately 1 in 2. 

However, a nearly 90% chance of normal pe- 

diatric outcome can be anticipated in cases 

with normal karyotype with no other struc- 

tural malformations on evaluation. The sur- 

vival rate at 1 year for the live-born infants 

with cystic hygroma is close to 90%. The re- 

currence risk in cases with an abnormal kary- 

otype unrelated to a parental chromosomal 

rearrangement is low and is in the range of 1%. 

However, the risk in the presence of a sus- 

pected syndrome or in cases of isolated cystic 

hygroma with a positive family history of cystic 

hygroma could be as high as 25%. The recur- 

rence risk for a case with isolated cystic hy- 

groma and normal karyotype with negative 

family history is unknown but likely to be no 

different than in the general population. Pre- 

natal ultrasound screening should be offered 

in all subsequent pregnancies. 

10. 
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GLOSSARY OF GENETIC 
TERMS 

A 

Acquired mutations: Gene changes that arise within 

individual cells and accumulate throughout a person’s 

lifetime; also called somatic mutations. 

Additive genetic effects: When the combined effects 

of alleles at different loci are equal to the sum of their 

individual effects. 

Affected: An individual who manifests symptoms of a 

particular condition. 

Affected relative pair: Individuals related by blood, 

each of whom is affected with the same trait. Examples 

are affected sibling, cousin, and avuncular pairs. 

Alleles: Variant forms of the same gene. Different alleles 

produce variations in inherited characteristics such as 

eye color or blood type. 

Allele frequency: (Synonym: gene frequency) The 

proportion of individuals in a population who have in- 

herited a specific gene mutation or variant. 

Allelic heterogeneity: (Synonym: molecular hetero- 

geneity) Different mutations in the same gene at the 

same chromosomal locus that cause a single phenotype. 

Allogeneic: Variation in alleles among members of the 

same species. 

Alpha-fetoprotein (AFP): A protein excreted by the 

fetus into the amniotic fluid and from there into the 

mother’s bloodstream through the placenta. 

Alternate paternity: (Synonyms: false paternity, non- 

paternity) The situation in which the alleged father of 

a particular individual is not the biological father. 

363 

Amino acid: Any of a class of 20 molecules that com- 

bine to form proteins in living things. 

Amino acid sequence: The linear order of the amino 

acids in a protein or peptide. 

Amniocentesis: Prenatal diagnosis method using cells 

in the amniotic fluid to determine the number and kind 

of chromosomes of the fetus and, when indicated, per- 

form biochemical studies. 

Amniocytes: Cells obtained by amniocentesis. 

Amplification: Any process by which specific DNA 

sequences are replicated disproportionately greater 

than their representation in the parent molecules. 

Aneuploidy: State of having variant chromosome 

number (too many or too few) (.e., Down syndrome, 

Turner syndrome). 

Anticipation: The tendency in certain genetic dis- 

orders for individuals in successive generations to 

present at an earlier age and/or with more severe 

manifestations; often observed in disorders resulting 

from the expression of a trinucleotide repeat mutation 

that tends to increase in size and have a more signifi- 

cant effect when passed from one generation to the 

next. 

Autosome: Any of the non-sex-determining chromo- 

somes. Human cells have 22 pairs of autosomes. 

Autosomal dominant: Describes a trait or disorder in 

which the phenotype is expressed in those who have 

inherited only one copy of a particular gene mutation 

(heterozygotes); specifically refers to a gene on one of 

the 22 pairs of autosomes (nonsex chromosomes). 
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Autosomal recessive: Describes a trait or disorder re- 

quiring the presence of two copies of a gene mutation 

at a particular locus in order to express observable 

phenotype; specifically refers to genes on one of the 

22 pairs of autosomes (nonsex chromosomes). 

Avuncular relationship: The genetic relationship 

between nieces and nephews, and their aunts and 

uncles. 

B 

Background risk: (Synonym: population risk) The 

proportion of individuals in a given population who 

are affected with a particular disorder or who have mu- 

tations in a certain gene; often discussed in the genetic 

counseling process as a comparison to the patient’s 

personal risk given his/her family history or other 

circumstances. 

Barr body: The condensed single X-chromosome seen 

in the nuclei of somatic cells of female mammals. 

Base pair: A pair of hydrogen-bonded nitrogenous 

bases (one purine and one pyrimidine) that join the 

component strands of the DNA double helix. 

Baysian analysis: A mathematical method to further 

refine recurrence risk taking into account other known 

factors. 

Birth defect: Any harmful trait, physical or biochemical, 

present at birth, whether a result of a genetic mutation 

or some other nongenetic factor. 

C 

Candidate gene: A gene located in a chromosome re- 

gion suspected of being involved in a disease. 

Carrier: A person who has a recessive mutated gene, 

together with its normal allele, also called heterozy- 

gous. Carriers do not usually develop disease but can 

pass the mutated gene on to their children. 

Carrier rate: (Synonym: carrier frequency) The pro- 

portion of individuals in a population who have a single 

copy of a specific recessive gene mutation. 

Carrier testing: Testing to identify individuals who 

carry disease-causing recessive genes that could be in- 

herited by their children. Carrier testing is designed for 

healthy people who have no symptoms of disease, but 

who are known to be at high risk because of family 

history. 

Chimera (pl. chimaera): An organism that contains 

cells or tissues with a different genotype. These can be 

mutated cells of the host organism or cells from a dif- 

ferent organism or species. 

Chorionic villus sampling: An invasive prenatal di- 

agnostic procedure involving removal of villi from the 

human chorion to obtain chromosomes and cell prod- 

ucts for diagnosis of disorders in the human embryo. 

Chromosomes: Structures found in the nucleus of a 

cell, which contain the genes. Chromosomes come in 

pairs, and a normal human cell contains 46 chromo- 

somes, 22 pairs of autosomes, and 2 sex chromosomes. 

Chromosome banding: A technique for staining 

chromosomes so that bands appear in an unique pat- 

tern particular to the chromosome. 

Chromosomal deletion: The loss of part of a. chro- 

mosome’s DNA. 

Chromosomal inversion: Chromosome segments 

that have been turned 180 degrees. The gene sequence 

for the segment is reversed with respect to the rest of 

the chromosome. 

Chromosome painting: Attachment of certain fluo- 

rescent dyes to targeted parts of the chromosome. Used 

as a diagnostic tool for particular diseases, e.g., types 

of leukemia. 

Chromosome region p: A designation for the short 

arm of a chromosome. 

Chromosome region q: A designation for the long 
arm of a chromosome. 

Clone: A group of identical genes, cells, or organisms 

derived from a single ancestor. 

Cloning: The process of making genetically identical 
copies. 

Codominance: Situation in which two different alleles 
for a genetic trait are both expressed. 



Codon: A sequence of three nucleotides in mRNA that 
specifies an amino acid. 

Complex trait: Trait that has a genetic component 

that does not follow strict Mendelian inheritance. May 

involve the interaction of two or more genes or gene- 

environment interactions. 

Comparative genomic hybridization: A molecular 

cytogenetic method for detecting loss and gain of chro- 

mosomal material; a map is produced showing DNA 

sequence copy number as a function of chromosomal 

location. 

Compound heterozygote: An individual who has 

two different abnormal alleles at a particular locus, one 

on each chromosome of a pair; usually refers to indi- 

viduals affected with an autosomal recessive disorder. 

Congenital: Any trait present at birth, whether the re- 

sult of a genetic or nongenetic factor. 

Consanguinity: Genetic relatedness between individ- 

uals descended from at least one common ancestor. 

Conservative change: An amino acid change that 

does not affect significantly the function of the protein. 

Consultand: The individual (not necessarily affected) 

who presents for genetic counseling and through 

whom a family with an inherited disorder comes to 

medical attention. 

Contiguous genes: Genes physically close on a chro- 

mosome that when acting together express a phenotype. 

Crossovers: The exchange of genetic material be- 

tween two paired chromosome during meiosis. 

Custom prenatal testing: Prenatal testing offered to 

families in which disease-causing mutations have been 

identified in an affected family member in either a re- 

search or Clinical laboratory; testing is not otherwise 

clinically available for prenatal diagnosis. 

Cytogenetics: The study of chromosomes. 

D 

Deletion: The loss of a segment of the genetic material 

from a chromosome. 
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de novo mutation: (Synonyms: de novo gene muta- 

tion, new gene mutation, new mutation) An alteration in 

a gene that is present for the first time in one family 

member as a result of a mutation in a germ cell (egg or 

sperm) of one of the parents or in the fertilized egg itself. 

Diploid: A full set of genetic material consisting of 

paired chromosomes, one from each parental set. Most 
animal cells except the gametes have a diploid set 

of chromosomes. The diploid human genome has 

46 chromosomes. 

Disease: Any deviation from the normal structure or 

function of any part, organ, or system of the body that 

is manifested by a characteristic set of symptoms and 

signs whose pathology and prognosis may be known 

or unknown. 

Disease-associated genes: Alleles carrying particular 

DNA sequences associated with the presence of disease. 

DNA fingerprint technique: A method employed to 

determine differences in amino acid sequences be- 

tween related proteins; relies upon the presence of a 

simple tandem-repetitive sequences that are scattered 

throughout the human genome. 

DNA hybridization: A technique for selectively 

binding specific segments of single-stranded (ss) DNA 

or RNA by base pairing to complementary sequences 

on ssDNA molecules that are trapped on a nitrocel- 

lulose filter. 

DNA probe: Any biochemical used to identify or iso- 

late a gene, a gene product, or a protein. 

DNA sequencing: Plus and minus or primed synthesis 

method, developed by Sanger, DNA is synthesized in 

vitro in such a way that it is radioactively labeled and the 

reaction terminates specifically at the position corre- 

sponding to a given base; the chemical method, ssDNA is 

subjected to several chemical cleavage protocols that se- 

lectively make breaks on one side of a particular base. 

Domain: A discrete portion of a protein with its own 

function. The combination of domains in a single pro- 

tein determines its overall function. 

Dominant: An allele that is almost always expressed, 

even if only one copy is present. 
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Double heterozygote: An individual who is heterozy- 

gous for a mutation at each of two separate genetic loci. 

Dysmorphology: The clinical study of malformation 

syndromes. 

E 

Euploid: Any chromosome number that is a multiple 

of the haploid number 

Eugenics: The improvement of humanity by altering 

its genetic composition by encouraging breeding of 

those presumed to have desirable genes. 

Eukaryote: Cell or organism with membrane-bound, 

structurally discrete nucleus, and other well-developed 

subcellular compartments. 

F 

Familial: A phenotype that occurs in more than one 

family member; may have genetic or nongenetic 

etiology. 

Family history: The genetic relationships and med- 

ical history of a family; when represented in diagram 

form using standardized symbols and terminology, usu- 

ally referred to as a pedigree. 

Fingerprinting: In genetics, the identification of mul- 

tiple specific alleles on a person’s DNA to produce a 

unique identifier for that person. 

First-degree relative: Any relative who is one meio- 

sis away from a particular individual in a family (ie., 

parent, sibling, offspring) 

FISH: Fluorescent in situ hybridization: a technique for 

uniquely identifying whole chromosomes or parts of 

chromosomes using fluorescent-tagged DNA. 

Flow cytometry: Analysis of biological material by 

detection of the light-absorbing or fluorescing prop- 

erties of cells or subcellular fractions (i.e., chromo- 

somes) passing in a narrow stream through a laser 

beam. An absorbance or fluorescence profile of the 

sample is produced. Automated sorting devices, 

used to fractionate samples, sort successive droplets 

of the analyzed stream into different fractions de- 

pending on the fluorescence emitted by each 
droplet. 

Flow karyotyping: Use of flow cytometry to analyze 

and separate chromosomes according to their DNA 

content. 

Founder effect: A gene mutation observed in high 

frequency in a specific population due to the presence 

of that gene mutation in a single ancestor or small num- 

ber of ancestors. 

Fragile sites: A nonstaining gap of variable width that 

usually involves both chromatids and is always at ex- 

actly the same point on a specific chromosome derived 

from an individual or kindred. 

Fraternal twin: Siblings born at the same time as the 

result of fertilization of two ova by two sperm. They 

share the same genetic relationship to each other as 

any other siblings. 

Functional genomics: The study of genes, their re- 

sulting proteins, and the role played by the proteins in 

the body’s biochemical processes. 

G 
Gamete: Mature male or female reproductive cell 

(sperm or ovum) with a haploid set of chromosomes 

(23 for humans). 

Gel electrophoresis: The process by which nucleic 

acids (DNA or RNA) or proteins are separated by size 

according to movement of the charged molecules in an 

electrical field. 

Gene: A hereditary unit that occupies a certain position 

on a chromosome; a unit that has one or more specific 

effects on the phenotype, and can mutate to various al- 

lelic forms. 

Gene amplification: Any process by which specific 

DNA sequences are replicated disproportionately 

greater than their representation in the parent mole- 

cules; during development, some genes become am- 

plified in specific tissues. 

Gene expression: The process by which a gene’s 

coded information is converted into the structures pre- 

sent and operating in the cell. Expressed genes include 
those that are transcribed into mRNA and then trans- 
lated into protein and those that are transcribed into 
RNA but not translated into protein (e.g., transfer and 
ribosomal RNAs). 



Gene family: Group of closely related genes that make 
similar products. 

Gene map: The linear arrangement of mutable sites 
on a chromosome as deduced from genetic recombi- 
nation experiments. 

Gene markers: Landmarks for a target gene, either 

detectable traits that are inherited along with the gene, 

or distinctive segments of DNA. 

Gene pool: All the variations of genes in a species. 

Gene therapy: Addition of a functional gene or group 

of genes to a cell by gene insertion to correct a hered- 

itary disease. 

Gene transfer: Incorporation of new DNA into an 

organism’s cells, usually by a vector such as a modified 

virus. Used in gene therapy. 

Genetic code: The sequence of nucleotides, coded in 

triplets (codons) along the mRNA, that determines the 

sequence of amino acids in protein synthesis. A gene’s 

DNA sequence can be used to predict the mRNA se- 

quence, and the genetic code can in turn be used to 

predict the amino acid sequence. 

Genetic counseling: The educational process that helps 

individuals, couples, or families to understand genetic in- 

formation and issues that may have an impact on them. 

Genetic linkage map: A chromosome map showing 

the relative positions of the known genes on the chro- 

mosomes of a given species. 

Genetic marker: A gene or other identifiable portion 

of DNA whose inheritance can be followed. 

Genetic mosaic: An organism in which different cells 

contain different genetic sequence. This can be the re- 

sult of a mutation during development or fusion of em- 

bryos at an early developmental stage. 

Genetic polymorphism: Difference in DNA se- 

quence among individuals, groups, or populations 

(e.g., genes for blue eyes versus brown eyes). 

Genetic predisposition: Susceptibility to a genetic 

disease. May or may not result in actual development 

of the disease. 
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Genetic screening: Testing groups of individuals to 

identify defective genes capable of causing hereditary 

conditions. 

Genetic testing: Analyzing an individual’s genetic 

material to determine predisposition to a particular 

health condition or to confirm a diagnosis of genetic 

disease. 

Genetic variation: A phenotypic variance of a trait in 

a population attributed to genetic heterogeneity. 

Genetics: The study of inheritance patterns of specific 

traits. 

Genome: All the genetic material in the chromosomes 

of a particular organism; its size is generally given as its 

total number of base pairs. 

Genome: All of the genes carried by a single gamete; 

the DNA content of an individual, which includes all 44 

autosomes, 2 sex chromosomes, and the mitochondrial 

DNA. 

Genotype: Genetic constitution of an organism. 

Germ cell: A sex cell or gamete (egg or spermatozoan). 

Germ line: The cell line from which egg or sperm 

cells (gametes) are derived. 

Germline mosaicism: Two or more genetic or cyto- 

genetic cell lines confined to the precursor (germline) 

cells of the egg or sperm; formerly called gonadal 

mosaicism. 

Germline mutation: The presence of an altered gene 

within the egg or sperm (germ cell), such that the al- 

tered gene can be passed to subsequent generations. 

H 

Haploid: A single set of chromosomes (half the full set 
of genetic material) present in the egg and sperm cells of 

animals and in the egg and pollen cells of plants. Human 

beings have 23 chromosomes in their reproductive cells. 

Haplotype: A way of denoting the collective genotype 

of a number of closely linked loci on a chromosome. 

Hardy-Weinberg Law: The concept that both gene 

frequencies and genotype frequencies will remain 
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constant from generation to generation in an infinitely 

large, interbreeding population in which mating is at 

random and there is no selection, migration, or mutation. 

Hemizygous: Having only one copy of a particular 

gene. For example, in humans, males are hemizygous 

for genes found on the Y chromosome. 

Heterozygote: Having two alleles that are different for 

a given gene. 

Heterogeneity: The production of identical or similar 

phenotypes by different genetic mechanisms. 

Homologous chromosome: Chromosome contain- 

ing the same linear gene sequences as another, each 

derived from one parent. 

Homozygote (Homozygous): An organism that has 

two identical alleles of a gene. 

Housekeeping genes: Those genes expressed in all 

cells because they provide functions needed for suste- 

nance of all cell types. 

Hybrid: The offspring of genetically different parents. 

I 

Identical twin: Twins produced by the division of a 

single zygote; both have identical genotypes. 

Imprinting: A chemical modification of a gene allele 

which can be used to identify maternal or paternal origin 

of chromosome. 

Incomplete penetrance: The gene for a condition is 

present, but not obviously expressed in all individuals 

in a family with the gene. 

Inherit: In genetics, to receive genetic material from 

parents through biological processes. 

Insertion: A chromosome abnormality in which a 

piece of DNA is incorporated into a gene and thereby 
disrupts the gene’s normal function. 

In situ hybridization: Hybridization of a labeled 

probe to its complementary sequence within intact, 
banded chromosomes. 

Interfamilial variability: Variability in clinical pre- 

sentation of a particular disorder among affected indi- 

viduals from different families. 

Intrafamilial variability: Variability in clinical pre- 

sentation of a particular disorder among affected indi- 

viduals within the same immediate or extended family. 

In vitro: Studies performed outside a living organism 

such as in a laboratory. 

In vivo: Studies carried out in living organisms. 

Isolated: An abnormality that occurs in the absence of 

other systemic involvement. 

K 

Karyotype: A photographic representation of the chro- 

mosomes of a single cell, cut and arranged in pairs 

based on their size and banding pattern according to a 

standard classification. 

Kindred: An extended family; term often used in 

linkage studies to refer to large families. 

Knockout: Deactivation of specific genes; used in lab- 

oratory organisms to study gene function. 

L 

Linkage: The tendency for genes or segments of 

DNA closely positioned along a chromosome to 

segregate together at meiosis and therefore be in- 

herited together. 

Linkage analysis: (Synonym: indirect DNA analysis) 

Testing DNA sequence polymorphisms (normal vari- 

ants) that are near or within a gene of interest to track 

within a family the inheritance of a disease-causing 

mutation in a given gene. 

Linkage disequilibrium: Where alleles occur together 

more often than can be accounted for by chance. In- 

dicates that the two alleles are physically close on the 
DNA strand. 

Linkage map: A map of the relative positions of ge- 
netic loci on a chromosome, determined on the basis 
of how often the loci are inherited together. Distance is 
measured in centimorgans (cM). 



Locus (pl. loci): The position on a chromosome of a 
gene or other chromosome marker; also, the DNA at 
that position. The use of locus is sometimes restricted 
to mean expressed DNA regions. 

Lod score: Logarithm of the odd score; a measure of 
the likelihood of two loci being within a measurable 
distance of each other. 

M 

Marker: A gene with a known location on a chromo- 

some and a clear-cut phenotype, used as a point of ref- 

erence when mapping a new mutant. 

Maternal contamination: The situation which occurs 

in prenatal testing in which a sample of chorionic villus, 

amniotic fluid, or umbilical blood becomes contami- 

nated with maternal (usually blood) cells, which can 

confound interpretation of the results of genetic analysis. 

Meiosis: The doubling of gametic chromosome number. 

Mendelian inheritance: One method in which ge- 

netic traits are passed from parents to offspring. 

Named after Gregor Mendel, who first studied and 

recognized the existence of genes and this method of 

inheritance. 

Methylation analysis: Testing that evaluates the 

methylation status of a gene (attachment of methyl 

groups to DNA cytosine bases); genes that are 

methylated are not expressed; methylation plays a 

role in X-chromosome inactivation and imprinting. 

Microarray: Sets of miniaturized chemical reaction 

areas that may also be used to test DNA fragments, 

antibodies, or proteins. 

Microarray analysis: Often used with multiple DNA 

fragments to test for submicroscopic chromosome dele- 

tions or duplications. 

Microdeletion syndrome: (Synonym: contiguous 

gene deletion syndrome) A syndrome caused by a 

chromosomal deletion spanning several genes that is 

too small to be detected under the microscope using 

conventional cytogenetic methods. Depending on the 

size of the deletion, other techniques, such as FISH or 

other methods of DNA analysis can sometimes be em- 

ployed to identify the deletion. 
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Missense mutation: A change in the base sequence 

of a gene that alters or eliminates a protein. 

Mitochondrial DNA: The mitochondrial genome con- 

sists of a circular DNA duplex, with 5-10 copies per 

organelle. 

Mitosis: Nuclear division. 

Monogenic disorder: A disorder caused by mutation 

of a single gene. 

Monosomy: Possessing only one copy of a particular 

chromosome instead of the normal two copies. 

Mosaicism: Within a single individual or tissue, the 

occurrence of two or more cell lines with different ge- 

netic or chromosomal constitutions. 

Multifactorial inheritance: (Synonym: polygenic) 

The combined contribution of one or more often un- 

specified genes and environmental factors, often un- 

known, in the causation of a particular trait or disease. 

Mutagen: An agent that causes a permanent genetic 

change in a cell. Does not include changes occurring 

during normal genetic recombination. 

Mutagenicity: The capacity of a chemical or physical 

agent to cause permanent genetic alterations. 

Mutation: Any heritable change in DNA sequence. 

Multifactorial: A characteristic influenced in its ex- 

pression by many factors, both genetic and environ- 

mental. 

N 
Nonsense mutation: A mutation in which a codon is 

changed to a stop codon, resulting in a truncated pro- 

tein product. 

Novel mutation: A distinct gene alteration that has 

been newly discovered; not the same as a new or de 

novo mutation. 

Null allele: A mutation that results in either no gene 

product or the absence of function at the phenotypic 

level. 
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O 
Obligate carrier: (Synonym: obligate heterozygote) 

An individual who may be clinically unaffected but 

who must carry a gene mutation based on analysis of 

the family history; usually applies to disorders inherited 

in an autosomal recessive or X-linked recessive manner. 

Obligate heterozygote: (Synonym: obligate carrier) 

An individual who may be clinically unaffected but 

who must carry a gene mutation based on analysis of 

the family history; usually applies to disorders inherited 

in an autosomal recessive and X-linked recessive 

manner. 

Oncogene: A gene, one or more forms of which is as- 

sociated with cancer. Many oncogenes are involved, 

directly or indirectly, in controlling the rate of cell 

growth. 

P 

Parent-of-origin studies: An analysis used to deter- 

mine whether a particular chromosome or segment of 

DNA was inherited from an individual's mother or fa- 

ther; helpful in the diagnosis of disorders in which im- 

printing or uniparental disomy is a possible underlying 

etiological mechanism. 

Parentage testing: (Synonyms: maternity testing, pa- 

ternity testing) The process through which DNA se- 

quences from a particular child and a particular adult 

are compared to estimate the likelihood that the two 

individuals are related; DNA testing can reliably ex- 

clude but cannot absolutely confirm an individual as a 

biological parent. 

Parthenogenesis: The development of an individual 

from an egg without fertilization. 

PCR: Polymerase chain reaction; a technique for 

copying the complementary strands of a target DNA 

molecule simultaneously for a series of cycles until the 

desired amount is obtained. 

Pedigree: A diagram of the heredity of a particular trait 

through many generations of a family. 

Penetrance: The probability of a gene or genetic trait 

being expressed. Complete penetrance means the gene 

or genes for a trait are expressed in all the population 

who have the genes. Incomplete penetrance means the 

genetic trait is expressed in only part of the population. 

The percent penetrance also may change with the age 

range of the population. 

Phenotype: Observable characteristics of an organism 

produced by the organism’s genotype interacting with 

the environment. 

Pleiotropy: One gene that causes many different phys- 

ical traits such as multiple disease symptoms. 

Polygenic disorder: Genetic disorder resulting from 

the combined action of alleles of more than one gene 

(e.g., heart disease, diabetes, and some cancers). Al- 

though such disorders are inherited, they depend on 

the simultaneous presence of several alleles; thus the 

hereditary patterns usually are more complex than 

those of single-gene disorders. 

Polymorphism: Difference in DNA sequence among 

individuals that may underlie differences in health. Ge- 

netic variations occurring in more than 1% of a popu- 

lation would be considered useful polymorphisms for 

genetic linkage analysis. 

Polyploidy: An increase in the number of haploid sets 

(23) of chromosomes in a cell. Triploidy refers to three 

whole sets of chromosomes in a single cell Gn humans, 

a total of 69 chromosomes per cell); tetraploidy refers 

to four whole sets of chromosomes in a single cell Gn 

humans, a total of 92 chromosomes per cell). 

Population risk: (Synonym: background risk) The 

proportion of individuals in the general population 

who are affected with a particular disorder or who 

carry a certain gene; often discussed in the genetic 

counseling process as a comparison to the patient’s 

personal risk given his or her family history or other 

circumstances. 

Predisposition: To have a tendency or inclination to- 

wards something in advance. 

Preimplantation diagnosis: (Synonym: preimplanta- 

tion testing) A procedure used to decrease the chance of 

a particular genetic condition for which the fetus is specif- 

ically at risk by testing one cell removed from early em- 
bryos conceived by in vitro fertilization and transferring 
to the mother’s uterus only those embryos determined 
not to have inherited the mutation in question. 



Prenatal diagnosis: (Synonym: prenatal testing) 
Testing performed during pregnancy to determine if a 
fetus is affected with a particular disorder. Chorionic 
villus sampling (CVS), amniocentesis, periumbilical 

blood sampling (PUBS), ultrasound, and fetoscopy are 

examples of procedures used either to obtain a sample 
for testing or to evaluate fetal anatomy. 

Presymptomatic testing: Testing of an asymptomatic 

individual in whom the discovery of a gene mutation 

indicates certain development of findings related to a 

specific diagnosis at some future point. A negative re- 

sult excludes the diagnosis. 

Probability: The long term frequency of an event rel- 

ative to all alternative events, and usually expressed as 

decimal fraction. 

Proband: (Synonyms: index case, propositus) The af- 

fected individual through whom a family with a genetic 

disorder is ascertained; may or may not be the consul- 

tand (the individual presenting for genetic counseling). 

Probe: Single-stranded DNA labeled with radioactive 

isotopes or tagged in other ways for ease in identification. 

Prognosis: Prediction of the course and probable out- 

come of a disease. 

Pseudodominant inheritance: An autosomal reces- 

sive condition present in individuals in two or more 

generations of a family, thereby appearing to follow a 

dominant inheritance pattern. Common explanations 

include: (1) a high carrier frequency; (2) birth of an af- 

fected child to an affected individual and a genetically 

related (consanguineous) reproductive partner. 

Pseudogene: A copy of a gene that usually lacks in- 

trons and other essential DNA sequences necessary for 

function; pseudogenes, though genetically similar to the 

original functional gene, are not expressed and often 

contain numerous mutations. 

R 

Recessive gene: A gene which will be expressed only 

if there are two identical copies or, for a male, if one 

copy is present on the X chromosome. 

Reciprocal translocation: When a pair of chromo- 

somes exchange a segment of DNA. Results in a shuf- 

fling of genes. 
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Recombinant DNA technology: Procedure used to 

join together DNA segments in a cell-free system (an 

environment outside a cell or organism), Under appro- 

priate conditions, a recombinant DNA molecule can 

enter a cell and replicate there, either autonomously or 

after it has become integrated into a cellular chromosome. 

Recombination: The process by which progeny derive 

a combination of genes different from that of either 

parent. In higher organisms, this can occur by crossing 

over. 

Recurrence risk: The likelihood that a trait or disorder 

present in one family member will occur again in other 

family members in the same or subsequent generations. 

Reduced penetrance: Refers to the fact that some au- 

tosomal dominant disorders are not expressed in all in- 

dividuals who carry the dominant gene. Such disorders 

are said to exhibit reduced penetrance. 

Restriction fragment length polymorphism 

(RFLP): Variation between individuals in DNA frag- 

ment sizes cut by specific restriction enzymes; polymor- 

phic sequences that result in RFLPs are used as markers 

on both physical maps and genetic linkage maps. RFLPs 

usually are caused by mutation at a cutting site. 

Risk communication: In genetics, a process in which 

a genetic counselor or other medical professional 

interprets genetic test results and advises patients of 

the consequences for them and their offspring. 

Ss 
Screening: Testing designed to identify individuals in 

a given population who are at higher risk of having or 

developing a particular disorder, or having a gene mu- 

tation for a particular disorder or looking for evidence 

of a particular disease such as cancer in persons with 

no symptoms of disease. 

Second-degree relative: Any relative who is two 

meioses away from a particular individual in a pedi- 

gree; a relative with whom one quarter of an individual’s 

genes is shared (i.e., grandparent, grandchild, uncle, 

aunt, nephew, niece, half-sibling). 

Segregation: The normal biological process whereby 

the two pieces of a chromosome pair are separated 

during meiosis and randomly distributed to the germ 

cells. 
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Sex chromosome: The X or Y chromosome in human 

beings that determines the sex of an individual. Females 

have two X chromosomes in diploid cells; males have 

an X and a Y chromosome. The sex chromosomes 

comprise the 23rd chromosome pair in a karyotype. 

See also: autosome. 

Sex-linked: Traits or diseases associated with the X or 

Y chromosome; generally seen in males. 

Single-gene disorder: Hereditary disorder caused by 

a mutant allele of a single gene (e.g., Duchenne mus- 

cular dystrophy, retinoblastoma, sickle cell disease). 

Somatic cell: Any cell in the body except gametes and 

their precursors. 

Somatic mutation: A mutation occurring in any cell 

that is not destined to become a germ cell; if the mu- 

tant cell continues to divide, the individual will come 

to contain a patch of tissue of genotype different from 

the cells of the rest of the body. 

Southern blotting: A technique for transferring elec- 

trophoretically resolved DNA segments from an agarose 

gel to a nitrocellulose filter paper sheet via capillary ac- 

tion; the DNA segment of interest is probed with a ra- 

dioactive, complementary nucleic acid, and its position 

is determined by autoradiography. 

Spectral karyotype (SKY): A graphic of all an or- 

ganism’s chromosomes, each labeled with a different 

color. Useful for identifying chromosomal abnormalities. 

Sporadic: The chance occurrence of a disorder or ab- 

normality that is not likely to recur in a family. 

Substitution: In genetics, a type of mutation due to re- 

placement of one nucleotide in a DNA sequence by 

another nucleotide or replacement of one amino acid 

in a protein by another amino acid. 

Suppressor gene: A gene that can suppress the action 

of another gene. 

Susceptibility gene: A gene mutation that increases 

the likelihood that an individual will develop a certain 

disease or disorder. When such a mutation is inher- 

ited, development of symptoms is more likely but not 
certain. 

Syndrome: A recognizable pattern or group of multiple 

signs, symptoms, or malformations that characterize a 

particular condition; syndromes are thought to arise 

from a common origin and result from more than one 

developmental error during fetal growth. 

T 

Teratogens: Any agent that raises the incidence of 

congenital malformations. 

Trait: Any detectable phenotypic property of an 

organism. 

Translocation: A chromosome aberration which re- 

sults in a change in position of a chromosomal seg- 

ment within the genome. Translocation can be bal- 

anced or unbalanced. A balanced translocation does 

not change the total number of genes present and typ- 

ically is not associated with phenotypic abnormalities. 

An unbalanced translocation is associated with missing 

or extra chromosomematerial and usually is associated 

with phenotypic abnormalities. 

Trisomy: Possessing three copies of a particular chro- 

mosome instead of the normal two copies. 

U 

Uniparental disomy: (Synonym: UPD) The situation 

in which both members of a chromosome pair or seg- 

ments of a chromosome pair are inherited from one 

parent and neither is inherited from the other parent; 

uniparental disomy can result in an abnormal pheno- 

type in some cases. 

Vv 

Variable expressivity: Variation in clinical features 

(type and severity) of a genetic disorder between af- 

fected individuals, even within the same family. 

Vector: A self-replicating DNA molecule that transfers 
a DNA segment between host cells. 

WwW 

Western blotting analysis: A technique used to iden- 
tify a specific protein; the probe is a radioactively la- 
beled antibody raised against the protein in question. 

Wild-type allele: The normal, as opposed to the mu- 
tant, gene, or allele. 



xX 

X chromosome: One of the two sex chromosomes, 

X and Y. 

Xenograft: Tissue or organs from an individual of one 

species transplanted into or grafted onto an organism 

of another species, genus, or family. A common example 

is the use of pig heart valves in humans. 

X-inactivation: The repression of one of the two 

X-chromosomes in the somatic cells of females as a 

method of dosage compensation; at an early embry- 

onic stage in the normal female, one of the two 

X-chromosomes undergoes inactivation, apparently at 

random, from this point on all descendent cells will 

have the same X-chromosome inactivated as the cell 

from which they arose, thus a female is a mosaic com- 

posed of two types of cells, one which expresses only 

the paternal X-chromosome, and another which ex- 

presses only the maternal X-chromosome. 

X-linked dominant: Describes a dominant trait or 

disorder caused by a mutation in a gene on the X chro- 

mosome. The phenotype is expressed in heterozygous 
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females as well as in hemizygous males (having only 

one X chromosome); affected males tend to have a 

more severe phenotype than affected females. 

X-linked lethal: A disorder caused by a dominant mu- 

tation in a gene on the X chromosome that is observed 

almost exclusively in females because it is almost al- 

ways lethal in males who inherit the gene mutation. 

X-linked recessive: A mode of inheritance in which 

a mutation in a gene on the X chromosome causes the 

phenotype to be expressed in males who are hemizy- 

gous for the gene mutation (i.e., they have only one 

X chromosome) and in females who are homozygous 

for the gene mutation (i.e., they have a copy of the 

gene mutation on each of their two X chromosomes). 

Carrier females who have only one copy of the mutation 

do not usually express the phenotype, although differ- 

ences in X-chromosome inactivation can lead to varying 

degrees of clinical expression in carrier females. 

Y 

Y chromosome: One of the two sex chromosomes, 

XC alae! WY, 
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WEB RESOURCES 

General Birth Defect Links: 

Alliance of Genetic Support Groups 

http://www.geneticalliance.org 

Birth Defect Research for Children, Inc. 

http://www.birthdefects.org 

Birth Defects Support Groups 

www .ibis-birthdefects.org/ 

Centers for Birth Defects Research and Prevention 

www.cde.gov/ncbddd/pub/cbdrpbk.pdf 

The Family Village 

http://www familyvillage.wisc.edu 

GeneClinics 

http://www.geneclinics.org 

Gene Tests 

www.genetests.org 

Genetic Alliance 

http://www.geneticalliance.org 

Genetic Disorders & Birth Defects Information 

Center 

http://geneinfo.medlib.iupui.edu/ 

Genetic Laboratories 

www.kumce.edu/ 

International Clearinghouse for Birth Defects 

Monitoring Systems 

http://www .icbd.org 

Internet Resources for Special Children (IRSC) 

http://irsc.org 

March of Dimes Birth Defects Foundation 

http://www.marchofdimes.com 

The National Association of Parents with Children 

in Special Education (NAPCSE) 

http://www.napcse.org 
National Birth Defects Prevention Network 

(NBDPN) 
http://www.nbdpn.org/NBDPN 

National Organization for Rare Diseases 

(NORD) 
http://www.rarediseases.org/ 
The National Rehabilitation Information 

Center 

http://www.naric.com/ 

National Society of Genetic Counselors 

http://www.nsgc.org 

OMIM: Online Mendelian Inheritance in Man 
Wwww.nebi.nim.nih.gov/OMIM 

Organization for Teratology Information 

Services (OTIS) 

http://www.otispregnancy.org 

Syndromes without a Name 

http://www.undiagnosed-usa.org 

Teratology Society 

http://www.teratology.org 

The National Down Syndrome Society 

http://www.ndss.org/ 

The Noonan Support Group (TNSSG) 

http://www.noonansyndrome.org 

Turner Syndrome Society of the United States 

http://www.turner-syndrome-us.org/ 

Central Nervous System Malformations: 

About Face USA 

http://www.aboutfaceusa.org 

American Syringomyelia Alliance Project 

http://www.asap.org/ 

Anencephaly Net 

http://www.anencephaly.net/ 

Anencephaly Support Foundation 

http://www.asfhelp.com 

Children’s Craniofacial Association 

http://www.ccakids.com 

FACES: The National Craniofacial Association 

http://www .faces-cranio.org 

Forward Face, Inc. 

http://www .forwardface.org 

Headlines Craniofacial Support 

http://www.headlines.org.uk 

Holoprosencephaly 

http://hpe.home.att.net/ 
Hydrocephalus Association 

http://www.hydroassoc.org/ 

The Hydrocephalus Foundation, Inc. 

www.hydrocephalus.org/ 
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International Federation for Spina Bifida 

and Hydrocephalus 

http://www. ifglobal.org/ 
National Hydrocephalus Foundation 

http://nhfonline.org 

NIH/National Institute of Child Health and Human 

Development 

http://www.nih.gov/ 
National Institute of Neurological Disorders 

and Stroke (NINDS) 

http://www.ninds.nih.gov/ 
National Organization of Disorders of the Corpus 

Callosum 

http://www.nodcc.org/ 

Spina Bifida Association of America 

http://www.sbaa.org/ 

Velo-Cardio-Facial 

Foundation, Inc. 

http://www.vcfsef.org 

World Arnold Chiari Malformation Association 

http://www.wacma.com/ 

Syndrome Educational 

Craniofacial Malformations: 

American Cleft Palate-Craniofacial Association 

(ACPA) 

http://www.acpa-cpf.org 

American Foundation for the Blind 

http://www.afb.org 

American Speech-Language-Hearing Association 

http://www.asha.org 

The Arc (A National Organization on Mental 

Retardation) 

http://www.thearc.org/ 

CHARGE Syndrome Foundation 

http://www.chargesyndrome.org/ 

Children’s Craniofacial Association 

http://www.ccakids.com/ 

Cleft Plate Foundation 

http://www.cleftline.org/ 

FACES the National Craniofacial Association 

http://www.faces-cranio.org/ 

Helen Keller National Center for Deaf-Blind 

Youths and Adults 

http://www.hknc.org 

Let Them Hear Foundation 

http://www.letthemhear.org 

Micro and Anophthalmic Children’s Society 

http://www.macs.org.ulk/ 

National Association for Parents of Children with 

Visual Impairments (NAPVI) 

http://www .napvi.org 

Pierre Robin Network 

http://www.pierrerobin.org/ 

Wide Smiles 
http://www.widesmiles.org/ 

Respiratory Malformations: 

CHERUBS 
http://www.cherubs-cdh.org/ 

Cardiac Malformations: 

American Heart Association 

http://www.americanheart.org/ 

Congenital Heart Information Network 

http://tchin.org/ 

Congenital Heart Defect Resources 

http://www.congenitalheartdefects.com 

Gastrointestinal Malformations: 

EA/TEF Support Connection 
http://www.eatef.org/ 

GEEPS 

http://www.geeps.co.uk/ 

The Pull-thru Network 

http://www. pullthrough.org/ 

Tef Vater Web 

http://www.tefvater.org/ 

The International Ostomy Association 

http://www.ostomyinternational.org/ 

United Ostomy Associations of America 

http://www.uoaa.org/ 

VATER Connection 

http://www.vaterconnection.org/ 

Renal Malformations: 

American Association of Kidney Patients 

http://www.aakp.org 

National Kidney Foundation 

http://www.kidney.org 

NIH/National Institute of Diabetes, Digestive & 

Kidney Diseases 

http://www.niddk.nih.gov 

Polycystic Kidney Disease Foundation 

http://www.pkdcure.org/site/PageServer 
Potter’s Syndrome 

http://www.potterssyndrome.org/ 

Skeletal Malformations: 

AMC Support 

http://www.amcsupport.org/ 
Avenues-Arthrogryposis Multiplex Congenita 
http://www.avenuesforamc.com/ 



Children’s Brittle Bone Foundation 

http://www.cbbf.org 

Helping Hands Foundation 

http://www.helpinghandsgroup.org/ 

International Skeletal Dysplasia Registry 

Cedars-Sinai Medical Center 2004 

www.csmc.edu/ 

Let Them Hear Foundation 

http://www.letthemhear.org 

Limb Differences 

http://www .limbdifferences.org/ 

WEB RESOURCES 377 

Little People of America 

http://www.lpaonline.org/ 
NIH/National Arthritis and Musculoskeletal and 

Skin Diseases Information 

http://www.niams.nih.gov 

Osteogenesis Imperfecta Foundation, Inc. 

http://www.oif.org 

STEPS 

http://www.steps-charity.org.uk/home.php 

Superhands Network 

http://www.superhands.us/ 
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Index 

Page numbers followed by for ¢ indicate figures or tables, respectively. 

A 

Aarskog syndrome, 238t 

Abdominal wall defects. 

See Gastroschisis; 

Omphalocele 

Achondrogenesis, 3114, 358¢. See 

also Skeletal dysplasias 

Achondroplasia, 63¢, 314¢, 358t. 

See also Skeletal dysplasias 

Acrocallosal syndrome, 46¢, 79t 

Acrochordon, 342 

Acromelia, 315 

Adams-Oliver syndrome, 1611, 
2014, 303t 

ADPKD. See Autosomal dominant 

polycystic kidney disease 

Adrenal hyperplasia, nonclassical, 

31t 
Agenesis of corpus callosum, 

77-81 

associated malformations and 

syndromes, 78-81, 79-80z, 

80t 

clinical presentation, 78 

epidemiology, 77 
etiology, 77-78 

evaluation, 80f 81 

genetic counseling, 81 

management and prognosis, 81 

Aicardi syndrome, 79t 

Alagille syndrome, 1854, 195, 195t 

Alcohol embryopathy. See Fetal 

alcohol syndrome 

Amniocentesis, 32, 35f 

Amniotic band syndrome, 46f, 

55t, 63t 
Androgen embryopathy, 7¢ 

Anencephaly, 51-52 

associated malformations and 

syndromes, 46/4, 51, 52t 

embryology, 43f 51 

epidemiology, 51 

etiology, 51 

evaluation, 52 

genetic counseling, 48-49 

prenatal diagnosis, 48 

treatment, 52 

Angiotensin-converting enzyme 

(ACE) inhibitors 

embryopathy, 7t¢ 

Anophthalmia, encephalocele 

and, 54¢ 

Anorectal malformations, 227—232 

associated malformations and 

syndromes, 228-230, 229t 

classification, 227, 228t 

clinical presentation, 228 

embryology, 228 

epidemiology, 227 

etiology, 228 

evaluation, 230 

genetic counseling, 232 

management and prognosis, 

230-232 

Anotia, 52¢, 111. See also Ear 

anomalies 

Anticoagulant embryopathy, 7¢ 

Antley-Bixler syndrome, 85, 324t 

Aortic valve defects 

associated syndromes, 202 

clinical presentation, 199-200 

treatment and prognosis, 202, 

203 
Apert syndrome 

clinical features, 55¢, 73t, 84¢, 

220t, 296t 

craniosynostosis syndromes in, 

84t 
etiology, 55t, 73t, 220t, 296t 

syndactyly in, 294 

379 

Aplasia, 8 

Aplasia cutis, 342 

ARPKD. See Autosomal recessive 

polycystic kidney 

disease 

Arthrogryposis, 321-329 

associated malformations and 

syndromes, 323, 324t 

classification, 326-327t 

clinical features, 322-323, 

326-327t 
distal, 325, 326-327t 

embryology, 321-322 

epidemiology, 321 

etiology and pathogenesis, 

BY, SPA 

evaluation, 325, 328 

genetic counseling, 

328-329 
management and prognosis, 

328 

Arthrogryposis multiplex 

congenita, 323-325 

Ashkenazi Jewish population, 

29, 30¢ 

Asphyxiating thoracic dystrophy 

(Jeune syndrome), 272¢, 

Sl lis 

Asplenia syndrome, 176t, 206, 

206¢ 
Association, 9 

Asymmetric crying facies, 

105-107, 106f 

associated malformations and 

syndromes, 106 

etiology, 105 

evaluation, 106-107 

genetic counseling, 107 

incidence, 105 

prognosis, 107 
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Atrial septal defect 
associated malformations and 

syndromes, 174—177t 

diagnosis, 173 

etiology, 173, 177 

genetic counseling, 177 

incidence, 173 

treatment and prognosis, 177 

Atrioventricular septal defect, 

180-181 

associated malformations and 

syndromes, 174-177t 

diagnosis, 180 

etiology, 180 

genetic counseling, 181 

incidence, 180 

treatment and prognosis, 

180-181 

Autosomal dominant disorders, 

genetic counseling, 23, 23f 

Autosomal dominant polycystic 

kidney disease (ADPKD) 

clinical presentation, 2674, 269¢ 

epidemiology, 265 
evaluation, 273-274, 273f 
genetic counseling, 275 

management and prognosis, 

274 

Autosomal recessive disorders, 

genetic counseling, 23-25, 

24f 

Autosomal recessive polycystic 

kidney disease (ARPKD) 

clinical presentation, 2674, 269t 
epidemiology, 265 
evaluation, 273-274, 273f 

genetic counseling, 275 

management and prognosis, 

274 

B 

Baller-Gerold syndrome, 85t 

Banana sign, 45f 
Bannayan-Riley-Ruvalcaba 

syndrome, 3494, 352t 

Bardet-Biedl syndrome, 238z, 

272t, 289t 

Barth syndrome, 209-210, 211t 

Beals syndrome, 327¢. See also 

Arthrogryposis 

Beare-Stevenson syndrome, 73¢, 

84t 

Beckwith-Wiedemann syndrome 

clinical features, 154¢, 2114 

244t, 349¢, 350t 
etiology, 244¢, 350t 

hypoglycemia in, 243 

inheritance pattern, 154¢, 211¢ 

management, 351 

neoplasm risk in, 351-353, 352t 

prognosis, 351 

Bicuspid aortic valve, 199, 203 

Birth defects. See Congenital 

malformations 

Bloom syndrome, 30¢ 

Bochdalek hernia, 151. See also 

Congenital diaphragmatic 

hernia 

Brachmann-de Lange syndrome, 

154t 
Branchio-oto-renal (BOR) 

syndrome, 113-114, 2572, 

~ ae: 
Brushfield spots, 15/ 

C 

3 C syndrome, 68¢, 174t 

Camptomelia, Cumming type, 

167t 
Camptomelic dysplasia, 311+. See 

also Skeletal dysplasias 

Canavan disease, 30t 

Cardiac-limb syndrome. See 

Holt-Oram syndrome 

Cardio-facio-cutaneous (CFC) 

syndrome, 195¢, 211t 

Cardiomyopathy, 209-213 

associated genetic disorders, 

2117, 212) 
clinical presentation, 209-210, 

210f 

diagnosis, 212 

epidemiology, 209 

etiology, 209-210 

evaluation, 212-213 

familial hypertrophic, 210, 212f 

treatment, 213 

Cardiovascular malformations. 

See also specific 

malformations 

anencephaly and, 52¢ 

anorectal malformations and, 

229t 

CHARGE syndrome and, 118¢ 

congenital diaphragmatic 

hernia and, 155¢ 

duodenal atresia and, 224t 

encephalocele and, 54 

esophageal 

atresia/tracheoesophageal 

fistula and, 219¢ 

Hirschsprung disease and, 237t 

incidence, 4t 

omphalocele and, 243t 

polydactyly and, 288¢ 

prenatal diagnosis, 36 
renal agenesis and, 255, 255t 

renal cystic disease and, 271 

single umbilical artery and, 

335t 
Carnitine uptake defect, 2117 

Carpenter syndrome, 85¢, 244¢, 

2891, 296t 
Carrier screening, 28-29 

Cartilage-hair hypoplasia 

syndrome, 220f, 238¢ 

Cat-eye syndrome, 185¢ 

Caudal regression syndrome, 

231%, 257%, 279t 

CCAM. See Congenital cystic 

adenomatoid 

malformations 

CDAGS, 231¢ 

CDG (congenital disorders of 

glycosylation) syndromes, 

ZA 

Cenani-Lenz syndrome, 294 

Central nervous system 

malformations. See also 

specific malformations 

anorectal malformations 

and, 229t 

congenital diaphragmatic 

hernia and, 155¢ 

esophageal 

atresia/tracheoesophageal 
fistula and, 2197 

Hirschsprung disease and, 237t 
incidence, 4t 

omphalocele and, 243t 



polydactyly and, 288¢ 

renal agenesis and, 255¢ 

renal cystic disease and, 271t 

single umbilical artery and, 

335t 
_ Cerebro-hepato-renal syndrome. 

See Zellweger syndrome 

Cerebro-oculo-facio-skeletal 

(COFS) syndrome, 79t, 

324t 

CFC (cardio-facio-cutaneous) 

syndrome, 195¢, 211t 

CHAOS. See Congenital high 

airway obstruction 

syndrome 

CHARGE syndrome/association 

cardiac lesions, 174t, 185¢ 

clinical features, 118f 118¢, 

174t, 1854, 220¢, 244t, 257¢ 

diagnostic criteria, 118-119 

ear anomalies, 118f 

etiology, 119, 174t, 2201, 244t 
Chiari malformations, 71-75 

associated malformations and 

syndromes, 72-73, 73t 

clinical presentation, 72 

epidemiology, 71 

etiology, 71 

evaluation, 72f, 73-74 

genetic counseling, 74-75 
management and prognosis, 

74 

CHILD syndrome, 46¢, 303t 

Choanal atresia, 117—120 

associated anomalies and 

syndromes, 117-119, 118f 

118¢ 

embryology, 117 

epidemiology, 117 

evaluation, 119, 119t 

genetic counseling, 119-120 

management and prognosis, 

ty 
Chondrodysplasia punctata, 127, 

1304, 3134, 3247 
Chondroectodermal dysplasia. 

See Ellis-van Creveld 

syndrome 

Chorionic villus sampling, 32-33, 

a5f\ 

Chromosome analysis, 32, 33f 

34f 
Cleft lip/palate, 93-99 

anencephaly and, 52¢ 

associated anomalies and 

syndromes, 94-97, 94f, 

O41, 95% 
embryology, 94 

encephalocele and, 54t 

epidemiology, 93 

etiology, 93-94 

evaluation, 97-98, 97f, 98f 98 

genetic counseling, 98-99, 99t 

management and prognosis, 98 

Cloacal exstrophy sequence, 

244t, 257t, 272t, 279t, 336t 

Coarctation of the aorta, 200 

Coccygeal pit (cutaneous 

dimple), 15f 340 
Cockayne syndrome, 128, 130t 

COFS (cerebro-oculo-facio- 

skeletal) syndrome, 79¢, 

324t 
Coloboma, 121-124 

associated anomalies and 

syndromes, 121-122, 122t 

in CHARGE syndrome, 118¢ 

122 

clinical presentation, 123f 

embryology, 121 

epidemiology, 121 

evaluation, 123, 123f 

genetic counseling, 124 

management and prognosis, 

124 

Complex, 9 

Computed tomography (CT) 

in congenital pulmonary 

lymphangiectasia, 166 
in neural tube defects, 44 

Congenital cataract, 125-130, 126f 

classification, 125-129 

embryology, 125 

epidemiology, 125 
etiology, 125, 126¢ 

evaluation, 129, 129f 130¢t 

genetic counseling, 130 

isolated, 127 

management and prognosis, 

130 

INDEX 381 

in metabolic disease, 128-129 

other ocular abnormalities 

ehaval, I Ay/ 

in systemic disorders, 

127-128 

Congenital contractual 

arachnodactyly, 327¢. See 

also Arthrogryposis 

Congenital cystic adenomatoid 

malformations (CCAM), 

147-149 

associated malformations and 

syndromes, 148 

classification, 147 

clinical presentation, 148 

embryology, 148 

epidemiology, 147-148 

etiology, 148 

evaluation, 148-149 

genetic counseling, 149 

management and prognosis, 

149 

Congenital diaphragmatic hernia, 

151-157 

associated malformations and 

syndromes, 154, 154¢, 155¢ 

clinical presentation, 153-154 

embryology, 153 

epidemiology, 151 

etiology, 151, 152t 

evaluation, 154-155 

genetic counseling, 157 

management and prognosis, 

155-157 

pathogenesis, 153 

types, 151 

Congenital disorders of 

glycosylation (CDG 

syndromes), 211¢ 

Congenital high airway 

obstruction syndrome 

(CHAOS), 135-137 
associated malformations and 

syndromes, 136-137, 136¢ 

clinical presentation, 136 
embryology, 135-136 

epidemiology, 135 

etiology, 135 

evaluation, 137 

genetic counseling, 137 



382 INDEX 

Congenital high airway 

obstruction syndrome 

(CHAOS) (Cont.): 

management and prognosis, 

137 
Congenital hydrothorax, 159-163 

associated malformations and 

syndromes, 160, 161¢ 

clinical presentation, 160 

epidemiology, 159 

etiology, 159-160 

evaluation, 160-161 

genetic counseling, 163 
management and prognosis, 

161-163, 162f 

Congenital ichthyosis, 128, 130 

Congenital intestinal 

aganglionosis. See 

Hirschsprung disease 

Congenital limb deficiency. See 

Limb reduction defects 

Congenital malformations. See 

also specific 

malformations 

assessment of infant with 

biochemical testing, 18 

cytogenetic testing, 16, 17f 
follow-up, 18-19 

history, 13-14 

molecular testing, 16-18 

physical examination, 14-16, 

14f 15f 
classification systems 

clinical, 9 

etiological, 10 

histological changes, 8-9 

medical consequences, 9-10 

timing of insult, 7-8 

embryology, 5-6, 5f 
environmental factors, 6-7, 7f 

epidemiology, 34, 4¢ 

etiology, 6-7, 7t 

genetic factors, 6 
infant mortality and, 4-5 

Congenital pulmonary 

lymphangiectasia, 165-168 
associated malformations and 

syndromes, 166 
clinical presentation, 166 

embryology, 165 

epidemiology, 165 
etiology, 166 
evaluation, 166 

forms, 165 
genetic counseling, 168 
management and prognosis, 168 

Congenital scar, 342 

Cordocentesis, 33-34 
Cornelia de Lange syndrome, 

303¢, 324¢, 358¢ 

Coronal synostosis, 83, 84t 

Corpus callosum, agenesis of. See 

Agenesis of corpus callosum 

Costello syndrome, 1954 211¢ 

Craniorachischisis, 43/ 

Craniosynostosis, 83-88 

associated malformations and 

syndromes, 84¢, 85¢ 

clinical presentation, 

85-86, 80f 

epidemiology, 83 

etiology, 83-85 

evaluation, 86-87 

genetic counseling, 88 

management and prognosis, 

87-88 
Crouzon syndrome, 73¢, 84¢ 

CT. See Computed tomography 

Cutaneous dimple (coccygeal 

pit)”, 15f 340 

Cystic fibrosis, 30¢ 

Cystic hygroma, 355-361 

associated malformations and 

syndromes, 356-357, 

358-3598 
categories, 355 
clinical presentation, 356 

early gestation vs. late 

gestation/postnatal, 

360-361, 360 

embryology, 356 

epidemiology, 355 

etiology, 355-356 
evaluation, 357 

genetic counseling, 361 

management and prognosis 

357-360 
Cytogenetic testing, 16, 17f 
Cytomegalovirus infection, 

congenital, 63¢ 

’ 

D 

Dandy-Walker malformation, 

67-70 

associated malformations and 

syndromes, 68, 684, 69f 
clinical presentation, 67 
epidemiology, 67 

etiology, 67 

evaluation, 68-69, 69f 

genetic counseling, 70 

management and prognosis, 

69-70 

Deformation, 8 

Deformational plagiocephaly, vs. 

craniosynostosis, 87 

Denys-Drash syndrome, 154t 

Dermal sinus, 340-341, 342f 

Dextrocardia; 205—207 

associated malformations and 

syndromes, 206, 206¢ 

epidemiology, 205 
etiology, 205 

evaluation, 206 

genetic counseling, 207 

prognosis and treatment, 206 
Diaphragmatic hernia, congenital. 

See Congenital 

diaphragmatic hernia 

Diastrophic dysplasia, 312t 

DiGeorge syndrome, 184, 2014 

202 

Digitotalar dysmorphism, 326+. 

See also Arthrogryposis 

Disruption, 8 

Distal arthrogryposis, 325, 

326-3271. See also 
Arthrogryposis 

Distraction osteogenesis, 102-103 

Dominant pterygium syndrome, 

327t. See also 

Arthrogryposis 

Donnai syndrome, 154t 

Down syndrome. See Trisomy 21 

Duodenal atresia, 223—225 

associated malformations and 

syndromes, 224, 224t 225t 

clinical presentation, 224 

embryology, 223 

epidemiology, 223 

evaluation, 224t 



genetic counseling, 225 

management and prognosis 

225 
Dysplasia, 8-9 

Dyssegmental dysplasia 

(Silverman-Handmaker 

syndrome), 55¢ 

5) 

E 

Ear anomalies, 111-115 

associated malformations and 

syndromes, 112-114, 114¢ 

in CHARGE syndrome, 118, 

118f 118¢ 
clinical presentation, 112f 

113f 115f 
embryology, 111-112 

epidemiology, 111 

etiology, 111 

evaluation, 114, 115f 116f 

genetic counseling, 115 

management and prognosis, 

114 

microtia, 113f 

preauricular pit, 15f 112f 

preauricular tag, 112f 

Ebstein anomaly 

associated syndromes, 194 

clinical presentation, 193 

prognosis, 196 

recurrence risk, 196t 

Echocardiography, fetal, 36 

Ectodermal dysplasias, cleft 

lip/palate in, 94-95 

Ectrodactyly-ectodermal 

dysplasia-clefting (EEC) 
syndrome, 257t, 296t, 303¢t 

Edwards syndrome. See Trisomy 

18 
Elejalde syndrome, 349t 

Ellis-van Creveld syndrome 

cardiac lesions, 175t 

clinical features, 1454, 175¢, 

257t, 289¢, 313¢ 

etiology, 175t, 257t, 2894, 313¢ 

inheritance, 145¢ 

recurrence risk, 313¢ 

Encephalocele, 53-55 
associated malformations and 

syndromes, 54, 54t, 55t 

clinical presentation, 53 

embryology, 53f 

epidemiology, 53¢ 

evaluation, 53-54 

genetic counseling, 54 

management and prognosis, 54 

Epidermal nevus, 350t 

Esophageal 

atresia/tracheoesophageal 

fistula, 217-221 

associated malformations and 

syndromes, 218-219, 219z¢, 

220t 

clinical presentation, 218 

embryology, 217-218 

epidemiology, 217 

etiology, 217 

evaluation, 219-221 

genetic counseling, 221 

management and prognosis, 221 

variations, 217, 218f 

Ex utero intrapartum treatment 

(EXIT) procedure 

for congenital diaphragmatic 

hernia, 155 

for congenital high airway 

obstruction syndrome, 137 

Expressivity, 28 

F 

Facial asymmetry 

asymmetric crying facies, 

105-107, 105f 

oculo-auriculo-vertebral 

syndrome, 107-109, 107f 

Factor XI deficiency, 30¢ 

Familial dysautonomia, 30t 

Fanconi anemia type C, 30t 

Fanconi pancytopenia syndrome 

clinical features, 220f, 225¢, 

263t, 289t, 303¢ 

etiology, 225t, 263t 

evaluation, 221 

inheritance, 220t 

polydactyly and, 288 

Faun tail hypertrichosis, 341, 341/ 

Feingold syndrome (oculo- 

duodeno-esophageal- 

digital syndrome), 220t, 

225t 

INDEX 383 

Fetal akinesia deformation 

sequence. See 

Arthrogryposis 

Fetal alcohol syndrome 

cardiac lesions, 177t, 185¢ 

clinical features, 7t, 79¢, 1771, 

185¢, 324t 

etiology, 177¢ 

Fetal nuchal translucency, 31-32 

Fetal surgery 

for congenital diaphragmatic 

hernia, 155 

for congenital high airway 

obstruction syndrome, 137 

for hypoplastic left heart 

syndrome, 203 

Fetal trimethadione syndrome, 

185t 

FG syndrome, 73¢, 79t, 324t 

Fibrochondrogenesis, 244¢ 

Fluorescence in-situ hybridization 

GFISH), 16,177 
Folic acid deficiency, neural tube 

defects and, 42 

Fraser syndrome, 55¢, 136, 296t 

Freeman-Sheldon syndrome, 

326t. See also 
Arthrogryposis 

Frontonasal dysplasia, 55¢ 

Fryns syndrome 

cardiac lesions, 175¢ 

clinical features, 79¢, 154¢, 175¢, 

238t, 244t, 272t, 358t 

etiology, 244¢ 

inheritance, 79t 

G 

Galactosemia, congenital 

cataracts in, 128 

Gastrointestinal malformations. 

See also specific 

malformations 

anencephaly and, 52¢ 

anorectal malformations and 

other, 229t 

congenital diaphragmatic 

hernia and other, 155¢ 

Hirschsprung disease and 

other, 237¢ 

polydactyly and, 2887 
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Gastrointestinal malformations 

(Cont.): 

renal agenesis and, 255t 

renal cystic disease and, 271t 

single umbilical artery 

and, 335t 

Gastroschisis, 247-250 

associated malformations and 

syndromes, 249 

clinical presentation, 248, 248/ 

embryology, 247~248 

epidemiology, 247 

etiology, 247 

evaluation, 249 

genetic counseling, 250 

management and prognosis, 

249-250 

vs. omphalocele, 249¢ 

Gaucher disease type I, 30¢ 

GCKD (glomerulocystic kidney 

disease), 268¢, 269t 

Genetic counseling 

definition, 21 

prenatal diagnosis 

amniocentesis, 32, 35/ 

chorionic villus sampling, 

52433,00 9) 
chromosome analysis, 32, 

33h, 34f 
cordocentesis, 33-34 

imaging, 34, 36 

preimplantation genetic 

diagnosis, 36-37 
principles and practices, 21 

risk assessment 

autosomal dominant 

disorders, 23, 23f 

autosomal recessive 

disorders, 2325, 24f 

complex disorders, 27—28 

mitochondrial disorders, 

26-27, 27f 

penetrance and expressivity, 
28 

sex-linked disorders, 25—26, 

25f, 20f 

in unknown diagnosis, 28 

screening 

carrier, 28-29 

fetal, 29-32 

in specific disorders 

agenesis of corpus callosum, 

81 

anencephaly, 48-49 

anorectal malformations, 232 

arthrogryposis, 328-329 

asymmetric crying facies, 107 

choanal atresia, 119-120 

cleft lip/palate, 98-99, 99t 

coloboma, 124 

congenital cataract, 130 

congenital cystic 

adenomatoid 

malformations, 149 

congenital diaphragmatic 

hernia, 157 

congenital high airway 

obstruction syndrome, 137 

congenital hydrothorax, 163 

congenital pulmonary 

lymphangiectasia, 168 
conotruncal defects, 186, 

188, 190-191 

craniosynostosis, 88 

cystic hygroma, 361 

Dandy-Walker malformation, 

70 
dextrocardia, 207 

duodenal atresia, 225 

encephalocele, 54 

esophageal 

atresia/tracheoesophageal 

fistula, 221 

gastroschisis, 250 

Hirschsprung disease, 237, 

239t 

holoprosencephaly, 59-60 
horseshoe kidney, 264 

hydrocephalus, 64-65, 65 

left ventricular outflow tract 

obstructive defects, 203 

limb reduction defects, 304 

micrognathia, 103 

neural tube defects, 48-49 

occult spinal dysraphism, 

344 

oculo-auriculo-vertebral 

syndrome, 108 

omphalocele, 245 
overgrowth syndromes, 353 

polydactyly, 290 

pulmonary agenesis, 141 

pulmonary hypoplasia, 146 

renal agenesis, 258-259 

renal cystic diseases, 274-275 

right ventricular outflow tract 

obstructive defects, 196, 

196¢t 
septal defects, 177, 179-180, 

181 

skeletal dysplasias, 320 

syndactyly, 295 
Genitourinary malformations. See 

also specific 

malformations 

anorectal malformations 

and, 229t 

CHARGE syndrome and, 118¢ 

congenital diaphragmatic 

hernia and, 155¢ 

esophageal 

atresia/tracheoesophageal 

fistula and, 219t 

Hirschsprung disease and, 237t 

omphalocele and, 243¢ 

polydactyly and, 288+ 

renal agenesis and, 255, 255t 

renal cystic disease and, 271t 

single umbilical artery and, 335t 

Gerbe syndrome, 303t 

German syndrome, 167t 
Glomerulocystic kidney disease 

(GCKD), 268%, 269t 
Goldenhar syndrome, 176¢, 1867, 

257t 
Goltz syndrome, 263t, 296t, 303t 

Gordon syndrome, 326t. See also 

Arthrogryposis 

Gorlin-Chaudhry-Moss syndrome, 

85t 

Greig cephalopolysyndactyly 

syndrome, 289¢, 296t 

Growth retardation, in CHARGE 

syndrome, 118t 

H 

H-type fistula, 217. See also 

Esophageal 

atresia/tracheoesophageal 
fistula 



Haddad syndrome, 238¢ 

Hairy patch, 341, 341f 

Hajdu-Cheney syndrome, 73¢ 

Hearing loss, nonsyndromic, 31 

Hecht syndrome, 327¢. See also 

Arthrogryposis 

Hemangioma, lumbosacral, 342, 

342f 

Hemihyperplasia, 348, 350-351, 

350-351¢, 352t 
Hennekam lymphangiectasia, 

167t 
Hernia, congenital diaphragmatic. 

See Congenital 

diaphragmatic hernia 

Heterotaxy syndromes, 176¢. See 

also Dextrocardia 

High airway obstruction 

syndrome, congenital. See 

Congenital high airway 

obstruction syndrome 

Hirschsprung disease (HSCR), 

233-239 
assessment, 238¢ 

associated malformations and 

syndromes, 235-236, 237t 

clinical presentation, 235 

embryology, 235 

epidemiology, 233 

etiology, 233 

evaluation, 236-237, 236f 

genetic counseling, 237, 239t 

genetic mutations associated 

with, 234¢ 

management and prognosis, 

Wei! 
Holoprosencephaly, 57-60 

associated malformations and 

syndromes, 58, 95 
autosomal dominant genes for, 

ST post 
clinical presentation, 58, 58f 

epidemiology, 57 

etiology, 57 

evaluation, 59 

genetic counseling, 59-60 
management and prognosis, 59 

Holt-Oram syndrome, 173, 175¢, 

289t, 296t, 303t 

Horseshoe kidney, 261-264 

associated malformations and 

syndromes, 262, 263¢ 

clinical presentation, 262 

embryology, 261-262 

epidemiology, 261 

evaluation and management, 

262-263 

genetic counseling, 264 
prognosis, 264 

HSCR. See Hirschsprung disease 

Hydantoin embryopathy, 225t 

Hydranencephaly, 61 

Hydrocephalus, 61-65 
associated malformations and 

syndromes, 62 

clinical presentation, 62 

epidemiology, 61 
etiology, 61 

evaluation, 62-64 

genetic counseling, 64-65, 65t 
management and prognosis, 64 

Hydrolethalus syndrome, 175t 

Hydrops fetalis, idiopathic, 167¢ 
Hydrothorax, congenital. See 

Congenital hydrothorax 

Hyperplasia, 8 

Hypertrichosis, faun tail, 341, 

341f 
Hypertrophic cardiomyopathy, 

familial 

diagnosis, 212 

genetic defect in, 210, 212f 

treatment, 213 

Hypophosphatasia, 312t 

Hypoplasia, 8 

Hypoplastic left heart syndrome, 

200, 202-203 
Hypotrichosis-lymphedema- 

telangiectasia syndrome, 

167t 

I 

Ichthyosis, congenital, 128, 130¢ 

Incontinentia pigmenti, 128, 130 

Infant mortality, congenital 

malformations and, 4-5 

Iniencephaly, 43f 

Interrupted aortic arch, 200, 202, 

203 
Intestinal lymphangiectasia, 167¢ 
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Iris coloboma. See Coloboma 

Ivemark syndrome, 176¢, 257t 

J 
Jackson-Weiss syndrome, 84 

Jacobsen syndrome, 201¢ 

Jarcho-Levin syndrome, 336t 

Jeune syndrome (asphyxiating 

thoracic dystrophy), 272t, 

ality 

Johanson-Blizzard syndrome, 

231t 
Juvenile nephronophthisis 

(INPHP) 
clinical presentation, 268¢, 269t 

evaluation, 273, 273f 

K 

Kabuki syndrome, 175¢, 185¢, 

201t, 263t 

Kaufman-McKusick syndrome, 

279t 

Kleeblattschadel anomaly, 86 

Klinefelter syndrome, 358¢ 

Klippel-Feil anomaly, 73¢ 

Klippel-Trenaunay-Weber 

syndrome, 3504, 352t 

Kniest dysplasia, 97, 324t 

Knobloch syndrome, 167t 

L 

LCHAD deficiency, 211¢ 

Left ventricular outflow tract 

obstructive defects, 

199-203 
associated syndromes, 

200-202, 201¢ 

clinical presentation, 199-200 

genetic counseling, 203 

treatment and prognosis, 

202-203 

Lemon sign, 45f 
LEOPARD syndrome, 195¢, 211%, 

2574,:336t 
Lethal multiple pterygium 

syndrome, 324¢ 

Limb-body wall complex, 2577, 

279t 
Limb reduction defects, 299-304 

anencephaly and, 52t 
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Limb reduction defects (Cont.): 

associated malformations and 

syndromes, 301-302, 3021, 

303t 
classification, 299-300 

clinical presentation, 301 

embryology, 301 

encephalocele and, 54t 

epidemiology, 300 

etiology, 300-301 

evaluation, 302-304 

genetic counseling, 304 

management and prognosis, 

304 
Lipoma, sacral, 341, 341f 342/ 

Long chain fatty acid oxidation 

disorders, 211¢ 

Long QT syndrome, syndactyly 

and, 295 

Lowe syndrome, 127, 130¢ 

Lymphedema/cerebral 

arteriovenous anomaly, 167¢ 
Lymphedema/hypoparathyroidism 

anomaly, 167¢ 
Lyon hypothesis, 25 

M 

Macrocephaly-cutis marmorata 

syndrome, 352t 

Magnetic resonance imaging 

(MRI) 

in agenesis of corpus callosum, 

78, 80f 

in Chiari malformation, 72f 

in Dandy-Walker malformation, 

68, 69f 
in neural tube defects, 44 

for prenatal diagnosis, 36 

Malformation, 7-8 

Marden-Walker syndrome, 324t 

Marshall-Smith syndrome, 349¢, 

352t 
MASA syndrome, 61, 63¢ 

Maternal diabetes embryopathy 

cardiac lesions, 177t, 185, 210 

clinical features, 77, 46, 177¢ 

185¢, 225¢ 

etiology, 177t 

holoprosencephaly, 57 
neural tube defects, 42 

Maternal PKU syndrome 

cardiac lesions, 177#, 1854, 2017 

clinical features, 74, 177¢, 1854, 

201t 

etiology, 1774, 201t 

Maternal serum alpha-fetoprotein 

(MSAFP) 

in gastroschisis, 249 

in neural tube defects, 48 

McCune-Albright syndrome, 350¢ 

MCDK. See Multicystic dysplastic 

kidney 

McKusick-Kaufman syndrome, 

1756. 

Meckel-Gruber syndrome, 54, 

55t, 144, 244, 336¢ 

Meningocele, 44-45, 45/ 
Mental retardation, in CHARGE 

syndrome, 118¢ 

Mesomelia, 315 

Metaphyseal dysplasia, 220¢, 238¢ 

Micrognathia, 101-103, 102f 

associated anomalies and 

syndromes, 101-102 

embryology, 101 

etiology, 101 

evaluation, 102 

genetic counseling, 103 

management and prognosis, 

102-103, 103f 

Microphthalmia, 54¢, 63¢ 

Microtia. See also Ear anomalies 

anencephaly and, 52t 

clinical presentation, 111, 113f 

etiology, 111 

Miller-Dieker syndrome, 79t 

Mitochondrial disorders, 26-27, 27f 
Mitochondrial respiratory chain 

defects, 211t 

Mitral stenosis, 199, 202 

Mohr syndrome. See Oral-facial- 

digital syndrome 

Molecular testing, 16-18 
Morgagni hernia, 151. See also 

Congenital diaphragmatic 

hernia 

Mowat-Wilson syndrome, 79t, 

238t 

MRI. See Magnetic resonance 

imaging 

Mucolipidosis IV, 30¢ 

Mucopolysaccharidoses, 2117 

Muenke syndrome, 84t 

Multicystic dysplastic kidney 

(MCDK) 

clinical presentation, 2674, 269¢ 

epidemiology, 265 

evaluation, 273-274, 273f 

genetic counseling, 274-275 

management and prognosis, 

274 
Multiple endocrine neoplasia 

type 2, 238t 

Multiple lentigines syndrome. 

See LEOPARD syndrome 

MURCS association, 554, 257t, 

303t 
Musculoskeletal malformations. 

See also specific 

malformations 

anorectal malformations and, 

229i 

esophageal 

atresia/tracheoesophageal 

fistula and, 219t 

renal cystic disease and, 271t 

single umbilical artery and, 

335t 
Myelomeningocele 

associated malformations and 

syndromes, 45, 45¢, 46t¢ 

clinical presentation, 44 

evaluation, 44-45, 45f 

genetic counseling, 48-49 

management and prognosis, 

45-47 

N 

Nager syndrome, 102, 238t, 303t 

Neu-Laxova syndrome, 79t 

Neural tube defects. See also 

Anencephaly; 

Myelomeningocele 

associated malformations and 

syndromes, 45, 45¢, 46¢ 

embryology, 42-43, 43f 

epidemiology, 41-42 

genetic counseling, 48-49 

prenatal diagnosis, 29, 31, 48 

Neurofibromatosis, 350t 



Neurofibromatosis type I, 73¢ 

Nevo syndrome, 349t 

Niemann-Pick disease, 31 

Nonclassical adrenal hyperplasia, 

31t 

Nonsyndromic hearing loss, 31¢ 

Noonan syndrome 

cardiac lesions, 175¢, 210, 211¢ 

clinical features, 63¢, 112, 161¢ 

1672, 175¢, 195t, 196f 210, 

358 
ear anomalies, 112 

etiology, 63¢, 1614, 167%, 175¢, 

195¢ 

inheritance pattern, 211 

Nuchal translucency, 31-32 

O 

Octreotide, for congenital 

hydrothorax, 163 
Oculo-auriculo-vertebral (OAV) 

syndrome 

associated malformations and 

syndromes, 108 

cardiac lesions, 176f¢ 

clinical features, 107-108, 107f 

176t 
etiology, 108, 176t 

evaluation, 108, 108¢ 

facial asymmetry, 107f 

genetic counseling, 108 

incidence, 108 

prognosis, 108 

Oculo-duodeno-esophageal- 

digital (ODED) syndrome 

(Feingold syndrome), 

220t, 225t 

Oculodentodigital syndrome, 296t 

OEIS complex, 2314, 244t, 336t 

OK-432, for cystic hygroma, 357 

Oligohydramnios sequence, 324 

Omphalocele, 241-245 

associated malformations and 

syndromes, 242-243, 2431, 

244t 
clinical presentation, 242, 242f 

embryology, 241-242 

epidemiology, 241 
etiology, 241 

evaluation, 243 

vs. gastroschisis, 249¢ 

genetic counseling, 245 

management and prognosis, 

243-245 
Opitz C syndrome, 85¢ 

Opitz-Frias syndrome, 225t 

Opitz syndrome, 220¢, 231 

Oral-facial-digital syndrome 

(Mohr syndrome) 

cardiac lesions, 175t 

clinical features, 175¢, 296t 

etiology, 175t 

type I, 63¢, 95, 272, 289 
type II, 63¢ 

Osteochondrodysplasias. See 

Skeletal dysplasias 

Osteogenesis imperfecta, 310¢. 

See also Skeletal dysplasias 

Oto-palatal-digital syndrome, 97 

Overgrowth syndromes, 347-353 

classification, 347 

clinical features, 348-350, 349t 

epidemiology, 347 

etiology, 347-348 

evaluation, 351 

genetic counseling, 353 
management, 351 

neoplasm risk in, 351-353, 

3528, 353t 
prognosis, 351 

P 

4p deletion syndrome (Wolf- 

Hirschhorn syndrome), 95, 

174t 

Pallister-Hall syndrome, 55¢, 2011, 

231t, 263t, 289t 

Patau syndrome. See Trisomy 13 

PEHO syndrome, 167¢ 
Pena-Shokeir phenotype, 324t 

Penetrance, 28 

Pentalogy of Cantrell, 46f, 242, 

244t 
Perlman syndrome, 154t, 349, 

352t 
Peters anomaly, 127 

Pfeiffer syndrome, 84¢, 296t 

PGD (preimplantation genetic 

diagnosis), 36-37 

PHACE syndrome, 68¢, 201¢ 

INDEX 387 

Phenytoin embryopathy, 7t, 93 

Pierre Robin syndrome, 96 

Plagiocephaly, deformational, vs. 

craniosynostosis, 87 

Poland sequence, 296¢, 303¢ 

Polycystic kidney disease. See 

Renal cystic diseases 

Polydactyly, 285-290 

associated malformations and 

syndromes, 287-288, 288¢, 

289-290t 

clinical presentation, 286-287 
embryology, 285-286, 286t 

encephalocele and, 54t 

epidemiology, 285 

evaluation, 288 

genetic counseling, 290 

management and prognosis, 

290 

mesoaxial, 287 

postaxial, 286-287 

preaxial, 287 

Polysyndactyly, 294. See also 

Syndactyly 

Pompe disease, 210, 210f 211¢ 

Popliteal pterygium syndrome, 

324t 
Porencephaly, 61 

Port-wine stain, lumbosacral, 342/ 

Postaxial polydactyly, 286-287, 
286t. See also Polydactyly 

Posterior urethral valves, 277-280 

associated malformations and 

syndromes, 278-279, 279t 

classification, 277 

clinical presentation, 278 

embryology, 277-278 

epidemiology, 277 

evaluation, 279-280 

genetic counseling, 280-281 

management and prognosis, 

280 

Potter syndrome, 145¢ 

Preauricular pit, 15f 112f 
Preaxial polydactyly, 286¢, 287. 

See also Polydactyly 

Preimplantation genetic diagnosis 

(PGD), 36-37 

Primary carnitine deficiency, 211 

Proteus syndrome, 350¢, 352t 
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Proud syndrome, 79t 

Pseudotail, 343 

Pulmonary agenesis, 139-141 

associated malformations and 

syndromes, 140, 1407 

clinical presentation, 140 

embryology, 139-140 

epidemiology, 139 

etiology, 139 

evaluation, 140-141 

genetic counseling, 141 

management and prognosis, 141 

Pulmonary atresia 

clinical presentation, 194 

prognosis, 196 
recurrence risk, 196¢ 

Pulmonary hypoplasia, 143-146 

associated malformations and 

syndromes, 144, 145¢ 

clinical presentation, 144 

embryology, 143-144 

epidemiology, 143 

etiology, 143 

evaluation, 145 

genetic counseling, 146 
management and prognosis, 146 

Pulmonary lymphangiectasia, 

congenital. See Congenital 

pulmonary 

lymphangiectasia 

Pulmonic stenosis 

associated syndromes, 

194-195, 195i 

clinical presentation, 193-194 

prognosis, 196¢ 

recurrence risk, 196t 

Q 
22q11 deletion syndrome 

cardiac lesions, 174¢, 184, 185¢, 

189 

cleft palate and, 95-96 
clinical features, 73t, 95-96, 

96t, 174t, 1854, 190f 

etiology, 734, 174t 

fluorescence in-situ 

hybridization testing, 16, 

Wifi 

genetics, 96 

Quad screen, 31 

R 

Racial/ethnic considerations, in 

carrier screening, 28-29, 30t 

Renal agenesis, 253-259 

associated malformations and 

syndromes, 254-256, 255t, 

Zot 

clinical presentation, 254 

embryology, 254 

epidemiology, 253-254 
evaluation and management, 

256, 258f, 258t 
genetic counseling, 258-259 

prognosis, 256-258 
Renal cystic diseases, 265-275 

associated malformations and 

syndromes, 271, 271¢, 

272-273t 

classification, 265, 266¢ 

clinical presentation, 266, 

267-270t 

embryology, 266 

epidemiology, 265-266 
evaluation, 271-274 

genetic counseling, 274-275 

management and prognosis, 

274 

Respiratory system malformations 

anorectal malformations and, 

229t 

esophageal 

atresia/tracheoesophageal 

fistula and, 219¢ 

single umbilical artery and, 

335t 
Retinoic acid embryopathy, 7¢, 

185¢ 

Rhizomelia, 315 

Rieger syndrome, 122, 127 

Right ventricular outflow tract 

obstructive defects, 

193-196 

associated syndromes, 

194-195, 195% 

clinical presentation, 193-194 

genetic counseling, 196, 196r 

prognosis, 196 
Ritscher-Schinzel syndrome, 68¢ 

Roberts SC-phocomelia, 55¢, 263¢, 

3031, 3241, 358 

Robin sequence, 96 
Rubella embryopathy, 74, 195¢ 

Rubinstein-Taybi syndrome, 175¢ 

Russell-Silver syndrome, 279¢ 

S 

Sacral dimple, 15f 
Saethre-Chotzen syndrome, 84t 

Schinzel syndrome, 46¢ 
Scimitar syndrome, 145¢ 

Septic-optic dysplasia, 79¢ 

Sequence, 9 

Setting sun sign, 62 
Sex-linked conditions, genetic 

counseling, 25-26, 25f 26f 

Shah-Waardenburg syndrome, 

234 
Short rib-polydactyly syndrome 

clinical features, 1454, 311+ 

etiology, 311¢ 

inheritance, 145t 

recurrence risk, 3117 

type I (Saldino-Noonan type), 

272t, 2891, 358t 

type II (Majewski type), 272¢, 

2891, 358t 

Shprintzen-Goldberg syndrome, 

85t 
Silverman-Handmaker syndrome 

(dyssegmental dysplasia), 
S5t 

Simian crease, 15f 

Simple renal cysts, 268¢, 269t 

Simpson-Golabi-Behmel 

syndrome, 154¢, 175¢, 195¢, 

349t, 352t 
Single umbilical artery, 333-337 

associated malformations and 

syndromes, 334-335, 335t 
embryology, 334 

epidemiology, 333-334 

evaluation, 335-337 

prognosis, 337 

Sirenomelia sequence, 336t 

Situs inversus, 205, 206t. See also 

Dextrocardia 

Skeletal dysplasias, 307-320 

associated malformations and 

syndromes, 315t 

classification, 307 



clinical presentation, 309, 

310-314¢, 315¢ 
embryology, 308 

epidemiology, 307-308 

etiology, 308-309, 310-314t 

evaluation, 309, 315-316, 315¢ 

3197 
genetic counseling, 320 

prognosis, 316 

radiological findings, 317—318t 

recurrence risk, 310-314¢ 

Smith-Lemli-Opitz syndrome 

biochemical testing, 18 

cardiac lesions, 176¢, 201 

clinical features, 127, 176¢, 

2014, 2386, 257¢, 272, 289t, 

296t 
diagnosis, 127-128, 130t 

etiology, 176f, 201¢, 238 

Sotos syndrome, 349, 352¢ 

Spina bifida. See Meningocele; 

Myelomeningocele 

Spina bifida occulta, 44 

Spinal dysraphism, occult 

associated findings, 343 

clinical presentation, 44, 

340-343, 341-343f 
embryology, 340 

epidemiology, 339-340 
evaluation, 343-344 

genetic counseling, 344 

Spondyloepiphyseal dysplasia 

congenita, 97, 313¢ 

Spondylothoracic dysplasia, 336¢ 

Stickler syndrome, 96-97 
Surfactant, for congenital 

diaphragmatic hernia, 

156 
Syndactyly, 293-296 

associated malformations and 

syndromes, 295, 296t 

clinical presentation, 293-294 

embryology, 293 

epidemiology, 293 
evaluation, 295 

genetic counseling, 295 

management, 295 

types, 294 
Synpolydactyly, 294. See also 

Syndactyly 

T 

TACRD pattern/association, 136, 

225% 

Tail, 343, 343f 

Tay-Sachs disease, 31¢ 

TBS. See Townes-Brocks 

syndrome 

Teratogens, 6-7, 7t. See also 
specific agents 

Tetralogy of Fallot, 188-191 

associated malformations and 

syndromes, 185—186¢, 

189-190 

clinical presentation, 189, 190f 

embryology, 188-189 

epidemiology, 189 

evaluation, 189-190 

genetic counseling, 190-191 

management and prognosis, 

190 

Thanatophoric dysplasia, 310¢, 

3581. See also Skeletal 
dysplasias 

Thoracentesis 

for congenital hydrothorax, 

161-162 

Thrombocytopenia-absent radius 

(TAR) syndrome, 176+, 

303t 
Toriello-Carey syndrome, 80¢, 

176t 
Townes-Brocks syndrome (TBS) 

cardiac lesions, 176t 

clinical features, 176¢, 225t, 

Eis, PDE, PANY: 

ear anomalies, 114 

etiology, 176t, 2254, 231t 

Toxoplasmosis, congenital, 63¢ 
Tracheoesophageal fistula. See 

Esophageal 

atresia/tracheoesophageal 

fistula 

Transposition of the great 

arteries, 186-188 

associated malformations and 

syndromes, 1854, 187-188 

clinical presentation, 187 

embryology, 186-187 

epidemiology, 187 

evaluation, 188 

INDEX 389 

genetic counseling, 188 

treatment and prognosis, 188 

Treacher Collins syndrome, 102 

Tricuspid atresia 

associated syndromes, 194 

clinical presentation, 193 

prognosis, 196 
recurrence risk, 196¢ 

Trigonocephaly, 86 
Trimethadione syndrome, fetal, 

185¢ 

Triple screen, 29 

Triploid/diploid mixoploidy, 350+ 

Triploidy syndrome, 63¢, 244t, 
296t 

Trismus-pseudocamptodactyly 

syndrome, 327t. See also 

Arthrogryposis 

Trisomy 8, partial, 185¢ 

Trisomy 13 (Patau syndrome) 

cardiac lesions, 174t, 1854, 201t 

clinical features, 145¢, 174¢, 

178f, 1854, 201¢, 2314, 244¢, 

263¢, 272t, 289t, 336t, 358 

etiology, 174¢, 201¢ 

limb reduction defects, 302 

Trisomy 18 (Edwards syndrome) 

cardiac lesions, 174¢, 1854, 201+ 

clinical features, 1454 161¢, 

174t, 178f, 1854, 201¢, 220t, 
231¢, 244t, 2631, 272¢, 289t, 

324t, 330t, 359t 

etiology, 174t, 2014, 220t 

prenatal diagnosis, 29, 31 

Trisomy 21 (Down syndrome) 

anorectal malformations, 230 

cardiac lesions, 174t, 185¢ 

clinical features, 14f, 15f 1614, 

174t, 185¢, 2204 2252, 2311, 

238¢, 244t, 2902, 359t 

duodenal atresia in, 224 

etiology, 185¢, 220¢ 

limb reduction defects, 302 

prenatal diagnosis, 29, 31-32 

Truncus arteriosus, 183-186 

associated malformations and 

syndromes, 184, 185¢ 

clinical presentation, 184 

embryology, 183 

epidemiology, 184 
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Truncus arteriosus (Cont.): 

evaluation, 184 

genetic counseling, 186¢ 

management and prognosis, 

186t 

Tuberous sclerosis, 272 

Turner syndrome 

cardiac lesions, 201¢, 202 

clinical features, 161, 2014, 

202f, 2634, 359t 

etiology, 2014, 359t 

prenatal diagnosis, 29, 31 

U 

Ultrasonography 

in neural tube defects, 44-45, 

45f 
for prenatal diagnosis, 36 

Urioste syndrome, 167t 

Urorectal septum malformation 

sequence, 2314, 279, 336t 

Vv 

VACTERL syndrome/association 

anorectal malformations, 229 

cardiac lesions, 176t, 186t 

clinical features, 63¢, 176¢, 186¢, 

2205 2351) 2571, 2031, 2736, 

279t, 303t, 336t 
etiology, 63t, 220r 

limb reduction defects, 302, 302t 

Valproic acid embryopathy 

cardiac defects, 177t 

cleft lip/palate, 93 

clinical features, 7¢, 464, 177t 

etiology, 40 

neural tube defects, 42 

Van der Woude syndrome, 

94, 94f 
Varicella zoster embryopathy, 7¢ 

VATER syndrome, 63¢ 
Velocardiofacial syndrome, 73¢, 

174t, 220t, 231t. See also 

22q11 deletion syndrome 

Ventricular septal defect 

associated malformations and 

syndromes, 174-177t 

diagnosis, 178-179 

etiology, 179 

genetic counseling, 179-180 

incidence, 179 

treatment and prognosis, 179 

Ventriculomegaly in utero, 62 

Vestigial tail, 343, 343f 

Vitamin A embryopathy, 46¢ 

VLCAD deficiency, 211¢ 

Ww 

Waardenburg syndrome, 220t 

Waardenburg syndrome, type 1, 

46t 
Walker-Warburg syndrome 

clinical features, 5514, 63¢, 68¢, 

69f, 80t 
coloboma in, 122 

etiology, 55¢, 63¢, 68t, 80 

Warfarin embryopathy, 7¢ 

Weaver syndrome, 349t, 352t 

Whistling face syndrome, 326t. 

See also Arthrogryposis 

Williams syndrome 

cardiac lesions, 1954, 202 

clinical features, 73¢, 195t 

etiology, 737, 195t 

Wilms tumor 

in Beckwith-Wiedemann 

syndrome, 353 

horseshoe kidney and, 264 

Wilms tumor-aniridia-genital 

anomalies-retardation 

(WAGR) syndrome, 

121-122 

Wolf-Hirschhorn syndrome 

(4p deletion syndrome), 

95, 174t 

x 

X-linked disorders, 25—26, 25f 26f 

Y 

Yellow nail syndrome, 167t 

Z 

Zellweger syndrome 

biochemical testing, 18 

clinical features, 127, 273t, 

3241, 336t 

congenital cataracts in, 127 

diagnosis, 130t 

genetics, 130t 

Zygodactyly, 294. See also 

Syndactyly 
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